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Abstract—The research about automatic text summarization is common in English text. According to the previous study, automatic
text summarization in Bahasa Indonesia is still challenging due to research in this area, especially the research which discusses
TextRank algorithm performance, which is still meagerly. Accordingly, this research observes the performance of the TextRank
algorithm to summarize the text in Bahasa Indonesia. The TextRank algorithm summarizes a text by sorting out the essential words
and relevant sentences regardless of the source language. This algorithm uses a vertex to represent a word. The similarity measurement
process will calculate the overlapping words (the same word between two vertices). These overlapping words are represented by the
edge, which connects the vertices. Thus, the text forms a graph. This research focuses on the similarity measurement process to
determine relevant sentences in a text. As the similarity measurement is critical for the summarization result, this research switches the
original process to the Levenshtein Distance algorithm and observes its performance. This research uses the human-produced
summarized text by the expert in Bahasa Indonesia linguistics to evaluate the result. The evaluation method is conducted by using
ROUGE-1 and ROUGE-2. The result shows that the average of ROUGE-1 and ROUGE-2 for the TextRank algorithm is 0.439 and
0.3186, respectively. Meanwhile, the modified TextRank obtains 0.3999 and 0.2805, respectively. Both of the algorithms have not shown
satisfactory results as expected.
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different sentence scoring methods based on context.
I. INTRODUCTION Meanwhile, personalized text summarization constructs
personalized terms by the Singular Value Decomposition
(SVD) and sentence matrix. This summarization obtained the
terms by applying latent semantic analysis. Terms with the
highest score compose the summarization text [4]. Another
research utilizes two levels of Latent Dirichlet Allocation
(LDA) and then automatically extracts a set of latent topics
[5]. This method is called topic-based summarization.
TextRank, a text summarization algorithm, was claimed to
work independently in any language because it measures the
similarity among sentences using a graph-based model [6].
Thus, it has nothing to do with the language. Conversely, the
research on automatic text summarization in Bahasa
Indonesia is limited. Previous research utilized MEAD and
modified IDF dictionaries for Bahasa Indonesia [7]. This

A shortened text version can be obtained automatically by
distilling the key features of the sentences [1]. This method,
automatic text summarization, is divided into two types [2].
This type summarizes the text by extracting its key features
and combining them. Examples are the title word, content
word, proper noun, sentence location, or sentence length. On
the other hand, the second type extracts the text features and
then recreates the new text by using those features. This
summarization type is called abstractive. The extractive
method is the most common method to summarize the text
between both types.

Research about automatic text summarization is commonly
conducted on English text. For example, context-based
summarization [3] obtains the best summaries by applying
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research tested their method in eight articles and compared
them with human-produced summarization. According to
their result, the modified IDF dictionary for Bahasa Indonesia
did not work well for the summarization in Bahasa Indonesia.
Another research applies a different approach to extracting the
similarity among text sentences. It utilized semantic analytics
to extract sentences. Each sentence has vector values that are
used as the calculation parameter [8]. The result of this
research is confusing because the explanation and the
presented data are different. Next, the research uses the term
frequency to summarize text [9]. This research claims that
83.3 percent of the readers understand the meaning of the

summarized text produced by the term frequency method [10].

Another method obtained text summarization by conducting
the fuzzy model of the Mamdani inference system. This
method was tested on 15 articles and compared to the human-
produced summarization. The person who summarizes the
text works as a teacher in Bahasa Indonesia. This method
works slightly better than AutoSummarizer by Microsoft
Office.

Recently, there have been several methods for
summarizing text in Bahasa Indonesia. For example, previous
research utilizes Latent Dirichlet Allocation (LDA) for
determining the sentence features scoring and the Genetic
Algorithm (GA) to determine the weight of sentence features
[11]. This research claims that 69.7 percent of the readers
stated that the summarized text represented the original text.
Another research implements non-negative matrix
factorization (NMF) to summarize 100 articles [12]. The
result was compared to the human-produced summarization
by the experts. However, the result was unsatisfactory
because the summarized text from the experts is diverse.

Meanwhile, previous research by Hidayat compared Latent
Dirichlet Allocation (LDA) [13] with K-Means and a Feature-
based summarizer to summarize 398 articles. The research
found that LDA is better at a compression rate of 40%.
Another research implements text features and singular value
decomposition (SVD) [14]. This research only calculates a
single word as in [9] and does not consider multi-word
expression (MWE) [15]. They found that the evaluation
accuracy depends on the compression rate.

The most recently conducted research in 2017 offered
different methods. It used sentence scoring and a decision tree
algorithm to extract the sentences from the text [16]. This
research extracts eight text features, such as upper case,
similarity to the title, sentence position, TF-IDF, cue phrases,
sentence length, proper noun, and numerical data. Fifty
articles were tested by using this method and obtained an f-
score of 0.58. Most research evaluates methods by comparing
the results with the human-produced summarization. The
human-produced summarization is considered the most
appropriate reference for summarizing the text. However,
most of that research does not compare the summarized text
with one the expert in Bahasa Indonesia produced.

This research also relies on the human-produced
summarized text. In order to achieve the high-quality data, we
use the summarized text from an expert in Bahasa Indonesia
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linguistics. Meanwhile, another research uses TextRank as the
reference of the summarized text [17] because the author of
TextRank claims that the algorithm can be used in any
language. However, there is no evidence yet that the
TextRank algorithm performance to summarize the text in
Bahasa Indonesia.

The latest study summarizes multi-document in Bahasa
Indonesia using the TextRank algorithm with Maximal
Marginal Relevance (MMR) [18-24]. They summarize
similar articles from online newspapers. The MMR removes
similar sentences that are selected after the text
summarization process. The average f-score of ROUGE-1 and
ROUGE-2 are 0.5103 and 0.4257, respectively. This result
shows that summarizing multi-document using TextRank +
MMR algorithm has not shown satisfactory results.

This research will utilize TextRank to provide the
summarization. Previous research discusses the automatic
text summarization in Bahasa Indonesia [19] and found much
space for improvement in this area. Most algorithms to
summarize the text in Bahasa Indonesia do not demonstrate
exemplary performance. Therefore, we also modified the
TextRank algorithm to achieve better text summarization
performance. The evaluation method to measure the
performance is Recall-Oriented Understudy of Gisting
Evaluation (ROUGE) [25-30].

The organization of this paper is as follows. The opening
section introduces and discusses the fundamental of the
conducted research, previous research, and the objective of
this research. The second section describes the material and
methods that are utilized in this research. Meanwhile, the
following section discusses the outcome of this research. This
section describes the detailed results of our proposed method.
Finally, the last section concludes the whole conducted
research.

II. MATERIAL AND METHOD

Automatic text summarization is usually used to distill the
key sentences in a text to obtain the text digest. The
summarization helps find the available facts or data in the text.
Previous research introduces TextRank as an algorithm to
summarize a text by automatically selecting the most
important and related sentences without regarding the source
language. In other words, this algorithm will work in any
language. The source of this research is the article news from
online newspaper websites such as liputan6.com,
kompas.com, and detik.com. Those credible online
newspaper publishers produce news in proper Bahasa
Indonesia. This research collects a hundred articles from ten
categories: technology, health, sport, economy, lifestyle,
national, science, travel, automotive and general. Each article
has an average length of 400-900 words. Those articles were
obtained manually. Fig. 1 shows that the data source is online
newspaper articles. However, these online newspaper
publishers put unrelated items such as images, read more links
and advertisements. The TextRank algorithm will not use
those items.
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Fig. 1 General architecture of the research
Therefore, those items should be removed. The example of Read more links have many variations and depend on the

unrelated items is shown in Fig. 2. Fig. 2 (a) is the image in publishers. Fig. 2 (c) is the advertisement in the middle of the
the middle of the article, and Fig. 2 (b) is the read-more links. article.

Ronaldo mengerti pentingnya laga tersebut ketika bertemu salah satu penjaga toko Juventus.

BACA JUGA:
Jadwal Torino vs Juventus, Klasemen Liga Italia: Juventus Dybala: Juventus Siap
Panas Derby della Mole Terus Menjauhi Rival Kalahkan Siapa pun di Babak 16

Besar Liga Champions

"Dia meminta kami berjaya di derby untuk neneknya. Dari situ saya sadar ada dua laga penting
\ bagi pendukung. Kami tidak boleh kalah dari Torino dan Inter Milan," kata Ronaldo, dilansir
juta poundsterling. (AF! y Hache Calciomercato.

Namum, Klopp dan pendukung Liverpool seharusnya berterima kasih pula kepada kiper Paris
Saint Germain (PSG) Gianluigi Buffon.

(a) Image in the middle of the article (b) Read more links in an article

Laga nanti merupakan derby pertama Ronaldo bersama Juv . Sebelumnya dia pernah
merasakan pertandingan serupa bersama Sporting CP, Manchester United, dan Real Madrid

° Bola.com @ q)[dio'

Related Video

& vs [y / )"*J
s smsrouad | PFICHOEY O RV

“TERBANYAX DI LIGA CHAMPIONS 22) ACADEMY™

O Qe

Jelang Juventus Vs Manchester United, Ronaldo Rindu dengan Pemain Ini

(c) Advertisement in the middle of the text

Fig.2 The example of unrelated items in an article
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As shown in Fig. 1, the articles become text documents
after the text-cleaning process. It means the texts are free from
unrelated items. These documents are the source of human-
produced (for evaluation purposes) and automatic text
summarization.  Furthermore, the  automatic  text
summarization results will be compared to the human-
produced summarization. The expert in Bahasa Indonesia
linguistics will provide the human-produced summarization.

The expert imitates how the TextRank works by selecting
the critical sentences. We create an online web application in
order to record the human-produced summary. The expert
only selects meaningful sentences by ticking the checkboxes,
as shown in Fig. 3.

1D Artikel : 1
Judul : Dijuluki “Iron Man', Tawan Bikin Lengan Robot Terinspirasi dari Astro Boy
Bidang : teknologi

Jakarta - Wayan St

rdana, yang akrab disapa Tawan kini populer dijuluki sebagai ‘iron man' dari B:

barang bekas dan r

kan menjadi alat penggerak lengan yang kini membuatnya nyaris seperti roba
Julukan ‘lron Man' untuk Tawan muncul dari media sosial

Situs 9GAG, menyebut Tawan adalah bapak beranak 3 dengan kondisi tidak mampu.

Enam bulan lalu, tangan kirinya tiba-tiba lumpuh dan dokter mendiagnosanya menderita stroke

Berkat bekal pendidikan SMK-nya di bidang rekayasa mekanik. dia menciptakan lengan

robot yang ¢
Jadi, dia mesti fokus sekali bifa ingin menggerakkan lengan robet yang dipasang di tangan kirinya.
Dalam meme di 9Gag itu disebutkan Tawan membuar semuanya dari barang bekas. mulai dari suku
Bahkan, kini lengan kirinya jadi lebih kuat dari lengan kanannya.

detikcom kemudian menemui Tawan dan menanyakan scal inspirasinya membuat lengan rebot.

Sambil tertawa terbahak bahak, Tawan dengan polos menyebutkan sejak berumur 4 tahun ia terinsp

Fig. 3 A web application to record human-produced summary

This research utilizes the TextRank algorithm to implement
automatic text summarization. In order to accomplish the
summarization, there are a few steps that have to be done.
After obtaining the text documents, the next step is text pre-
processing. There are several processes in this step. The first
process is sentence tokenization. Sentence tokenization
means the text will be extracted into sentences. After sentence
tokenizing, the text will be cleaned of punctuation. TextRank
algorithm will not use these punctuations. Next, the text will
be converted to lower or upper case (usually lower case). The
conversion process is called case folding. The excerpt of the
result is shown in Table 1.

TABLEI
THE EXCERPT OF THE EXTRACTED SENTENCES

No Extracted Sentence

Jakarta Kompas

(Translation: Jakarta Kompas)

com di sela sela kunjungannya ke kantor menteri
komunikasi dan...

(Translation: com on the sidelines of his visit to the
minister’s office communication and...)

Setelah keluar dari ruangan keduanya segera menggelar
Jjumpa pers rudiantara...

(Translation: after coming out from the room both
immediately held a press conference rudiantara...)

Saya senang berada di Indonesia negara digit ekonomi
terbesar di...

(Translation: I am happy to be in Indonesia the country’s
largest economy digit in...)

Punya juta pelanggan seluler lebih

(Translation: have more than million cellular subscribers)
Indonesia sudah lompat ke generation technology
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No Extracted Sentence

(Translation: Indonesia has jumped into generation
technology)

Tentu saja google akan senang hati mau membantu
program digit ekonomi...

(Translation: of course, Google will be happy to help the
digital economic program...)

Apapun diantarkan misalnya kalau ingin makanan atau
massage

(Translation: anything can be delivered for example if you
want meal or massage)

Membuat malas tapi juga memberi efisiensi
(Translation: make lazy but also gives efficiency)

Ini masa ujarnya namun sebelum menteri melanjutkan
kata...

(Translation: this is the time he said, but before the
minister continued saying...)

Bisa pesan massage juga

(Translation: can order massage too)

Kalau begitu saya instal go jek sekarang menteri dan
para hadirin pun...

(if so I will install go jek now the minister and the
audience...)

10

11

12

The text pre-processing step yields sentence tokens ready
to be included in the TextRank calculation. Then each
sentence’s weight to find the similarity among sentences in a
text document. This process will determine the critical
sentences. Initially, all the sentences will be assigned a score
of -1. The TextRank calculation contains several processes,
such as graph representation, similarity measurement, scoring
each sentence, and selecting meaningful sentences. Those
processes will be explained in detail as follow:

A. Graph Representation

Every token represents one vertex in a graph connected to
obtain the similarity value. Fig. 4 shows the vertex 1-12,
representing the sentences in Table I. The edge of the graph
represents the similarity.

Fig. 4 Graph representation of extracted sentences

B. Similarity Measurement

Similarity measurement is done on the condition that every
vertex has overlapping words (the same word between two



vertexes) and normalized them. The normalization process
divides the number of overlapped words by the length of
every sentence. The vertexes with no overlapped words will
be assigned 0 (zero) for the similarity score. Therefore, this
vertex will not have an edge over other vertexes. As shown in
Fig. 4, vertex one (1) does not have an edge because it has no
overlapped words with other sentences.

TABLEII
SIMILARITY BETWEEN VERTEX 7 AND 12

Similar Words After Sentence Extraction
XXXXX XXXX XXXXX XXXX XXXXXX XXXX XXX XXXXXXX
xxxxxxx digital ekonomi indonesia XXXXXXX XX XXXX
XXXX gojek XXXXXXXX XXXXXX XXXXXXXXX seperti gojek
XXXXXX XXXX XXXXX XXXXX XX XXXXX did XXXXXXXXXX
xxxx xxxxx aplikasi xxx merupakan XxXxXxxx XxXxx
gojek XXX XXXX XXXXX XXXXXXX XXXXX XXXX XXXX
XXXXX
YYYYY YYYYY YYYY YYYYYY goieK yyyyyyy yyyyyyy yyy
YYYY YYYyyy yyy dia yyyyyy yyyyy yyyy aplikasi
seperti gojek merupakan yyyy yyyyyy ekonomi
digital indonesia yyy yyyyyyy yyyy yyyyy yyyy Yyyy
YYYYYYY

Vertex
7

12

Table II shows the similarity between vertex 7 and 12. It is
represented by the overlapped words between vertex 7 and 12.
Table II shows that the overlapped words are printed in bold
+ underline. The letter “x” in the extracted sentence column
(vertex 7) and the letter “y” (vertex 12) represent the words
that have no relation between both vertexes. According to
Table II, the number of the overlapped word (Wk) is 9. The
similarity is measured based on equation (1). log (|S;|) + log

(1S12|) are the length of the words in that vertex.

Wk |Wk € S; & Wk € Sy}
log(Is;1)+10g(IS121)

Similarity(S;,S;,) = )

Therefore, the similarity score between vertex 7 and 12 is:

9 9

76+33 109

Similarity(S,,S,,) = 0,0825

This research also modifies similarity measurement by
implementing the Levenshtein distance algorithm. We will
observe the summarization performance after the TextRank
similarity measurement is modified.

C. Scoring

After the similarity score between two vertexes in all
sentences has been obtained, the following process assigns the
final score to each vertex. The final score is assigned by
summing up the edges toward a particular vertex. Table III
shows all the vertex with the final score.

TABLE III
FINAL SCORING
Vertex Final Score

1 0

2 0.445
3 0.455
4 0.237
5 0.064
6 0.117
7 0.538
8 0.111
9 0.137
10 0.125
11 0.117
12 0.410
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D. Select Important Sentences

The final similarity score represents the critical sentences.
The most important sentence is the one with the highest final
similarity score. According to Table III, the order based on its
rank from the highest to the lowest final similarity score is
vertex 7, 3,2, 12,4,9, 10, 6, 11, 8, 5, and the last is 1.

III. RESULTS AND DISCUSSION

This research yields the summarized text by utilizing the
TextRank algorithm. We also observed the TextRank
performance by modifying similarity measurements. The
original similarity measurement by TextRank is replaced with
the Levenshtein distance algorithm. The result of both
TextRank and modified TextRank will be compared to the
user-generated summary. They all summarize 100 articles
from several categories originating from online newspapers.
The summarization result is shown in Table IV.

TABLE IV
FINAL SCORING
Text Rank The Expert
No NW  NA —WS Pws AWS PWS
T =800 22 373 46% 256 30%
2 700-800 12 341 45% 203 27%
3600699 11 304 46% 178 27%
4 500-599 22 269 48% 123 22%
5 <500 33 143 39% 78 17%

Table IV shows that column NW means the number of
words in the original articles after the text cleaning result.
Next, column NA means the number of articles we collected
according to the number of words. Column AWS means the
average word after the summarization process. Meanwhile,
PWS means a percentage of the compressed articles after
summarization.

According to Table IV, the TextRank algorithm can
summarize an average of 44.8 percent of the original text.
Meanwhile, the expert can summarize an average of 24.6
percent of the original text. However, TextRank only
successfully yields 67 shorter than the original text. The rest
of the summarization result is similar to the original text
because the TextRank algorithm obtains the same score in
every token when measuring similarity. Thus, all the
sentences are considered essential. However, modified
TextRank (with the Levenshtein algorithm) yields 98 shorter
texts than the original.

This research is evaluated by comparing the TextRank-
generated and user-generated summaries. One hundred text
documents will be compared among them. The evaluation
measurement uses the Recall-Oriented Understudy of Gisting
Evaluation (ROUGE) method. ROUGE has several
measurements. However, this research only utilizes ROUGE-
N (N-gram), which consists of ROUGE-1 and ROUGE-2. The
difference between both measurements lies in the accuracy
calculation. ROUGE-1 compares word by word, generated by
the TextRank or by the user.

On the other hand, ROUGE-2 compares all the summarized
text by the TextRank and by the expert. The evaluation result
using ROUGE-1 of both original TextRank and modified
TextRank is shown in Table V. The F-score 1 means the
summarization result is the same between the TextRank and
the expert. Conversely, the f-score of 0 means both



summarized texts differ. Table V shows that 36 percent of the
summarized text has an f-score between 0.5-1. On the other
hand, only 23 percent of summarized text has an f-score
between 0.5-1. According to the results, the original
TextRank algorithm yields better-summarized text than the
modified TextRank.

TABLE V
ROUGE-1 EVALUATION RESULT
F-Score Original TextRank Modified TextRank
Frequency NP Frequency NP
1 - 0% - 0%
0.9 - 0% - 0%
0.8 2 2% - 0%
0.7 3 3% 1 1%
0.6 8 8% 7%
0.5 23 23% 16 16%
0.4 23 23% 29 29%
0.3 20 20% 19 19%
<0.3 21 21% 29 29%

Table VI shows that the original TextRank algorithm only
has 11 percent for an f-score of 0.5-1 for the ROUGE-2
evaluation method. This result is slightly better than the
modified TextRank, with only 9% for the same f-score.
Therefore, both algorithms yield summarized texts that are
not very similar to expert summaries.

TABLE VI
ROUGE-2 EVALUATION RESULT
F-Score Original TextRank Modified TextRank
Frequency NP Frequency NP
1 0% - 0%
0.9 - 0% - 0%
0.8 - 0% - 0%
0.7 3 3% 1 1%
0.6 2 2% 2 2%
0.5 6 6% 6 6%
0.4 22 22% 12 12%
0.3 20 20% 22 22%
<0.3 47 47% 57 57%

There is still space for improvement in the modification of
the TextRank algorithm in order to escalate the
summarization performance. The summary of the f-score of
each algorithm is shown in Table VII.

TABLE VII
THE AVERAGE OF EVALUATION RESULT
.. Modified
Original TextRank TextRank
ROUGE-1 0.439 0.3999
ROUGE-2 0.3186 0.2805

IV. CONCLUSION

Generally, summarizing text automatically extracts the key
features of the sentences in a text document and combines the
result to create a short version of the original text. Unlike the
research in the summarization field in English, the research in
this area in Bahasa Indonesia is still limited. However, some
of the previously conducted research does not use the
summarized text from the expert in Bahasa Indonesia.
Therefore, to achieve high-quality data, this research uses
human-produced summarized texts generated by expert in
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Bahasa Indonesia linguistics. Thus, the result of this research
can be considered as a valid result.

Furthermore, previously conducted research compared the
summarized text with the text generated by the TextRank
algorithm. However, no evidence supports the TextRank
algorithm’s performance for summarizing text in Bahasa
Indonesia. This research found that the original TextRank
algorithm and modified TextRank algorithm with
Levenshtein Distance does not perform well in summarizing
text in Bahasa Indonesia. Therefore, it supports the claim that
there is much space for improvement in automatic text
summarization for Bahasa Indonesia.

The performance of the TextRank algorithm is determined
in the process of obtaining related sentences. Thus, future
research might consider some approaches to improve the
accuracy of the related sentences. For example, the following
research might reckon the multi-word expression (MWE) in
the text pre-processing. Therefore, the TextRank will not only
rely on a single word to calculate the related sentences. For
instance, “kotak hitam” has two meanings. The first is a black
box, and the second is an electronic device in an aircraft that
records the flight data. In the original TextRank, “kotak hitam”
will be considered as two different words, a “kotak” (box) and
“hitam” (black), not a compound word. Another approach that
might improve the accuracy of the related sentences is using
the synonym dictionary. Therefore, words with similar
meanings will be treated as the exact words. In the original
TextRank, every word is treated as different. Moreover,
machine learning or deep learning might be considered to
measure sentence similarity.
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