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Abstract

Stemming is an essential preprocessing stage in Natural Language Processing (NLP), particularly for
Indonesian, which has complex affixation patterns. Most Indonesian stemming implementations are
provided as programming libraries, making them less accessible for beginners, educators, and non-
programmer researchers. This study presents Stemmindo, a lightweight web-based Indonesian root word
search application implementing the Enhanced Confix Stripping (ECS) algorithm using the Laravel
framework. Unlike conventional stemming libraries, the system provides a real-time and modular interface
that enables users to explore Indonesian morphological processing without writing program code. The
novelty of this research lies in the implementation of ECS within an accessible web-based educational tool.
Evaluation was conducted using affixation pattern testing, rule-based testing, and real-text evaluation.
Testing on 20 affixation patterns achieved 90% accuracy, while evaluation on 100 words representing 33
derived prefix rules achieved 94% accuracy. After applying failure-handling strategies through exception
lists and rule-level accommodations, the accuracy increased to 98%. Real-text evaluation was conducted
using 1,742 words collected from Indonesian educational web content. After preprocessing and filtering,
564 unique words were evaluated, of which 366 stemming results were successfully matched with the
corpus, while the remaining cases mainly consisted of named entities, noisy input, ambiguous forms,
overstemming, and understemming. These findings indicate that the proposed system performs effectively
for common Indonesian morphological patterns while remaining practical for educational and experimental
NLP usage. Future work includes improving reduplication handling, expanding lexical resources, and
enhancing accessibility features.

Keywords: Stemming; Indonesian Language; Root Word; Enhanced Confix Stripping; Web-based
Application;

Abstrak
Stemming merupakan salah satu tahapan preprocessing yang penting dalam Natural Language Processing
(NLP), khususnya untuk bahasa Indonesia yang memiliki pola afiksasi yang kompleks. Sebagian besar
implementasi stemming bahasa Indonesia tersedia dalam bentuk library pemrograman, sehingga kurang
mudah diakses oleh pemula, pendidik, dan peneliti tanpa latar belakang pemrograman. Penelitian ini
memperkenalkan Stemmindo, sebuah aplikasi pencarian kata dasar bahasa Indonesia berbasis web yang
ringan dengan mengimplementasikan algoritma Enhanced Confix Stripping (ECS) menggunakan framework
Laravel. Berbeda dengan library stemming konvensional, sistem ini menyediakan antarmuka modular dan
real-time yang memungkinkan pengguna mempelajari proses morfologis bahasa Indonesia tanpa perlu
menulis kode program. Kebaruan penelitian ini terletak pada implementasi ECS pada sebuah tool edukasi
berbasis web yang mudah diakses. Evaluasi dilakukan menggunakan pengujian pola afiksasi, pengujian
berbasis aturan, dan real-text evaluation. Pengujian terhadap 20 pola afiksasi menghasilkan akurasi sebesar
90%, sedangkan evaluasi terhadap 100 kata yang mewakili 33 aturan prefiks turunan menghasilkan akurasi
sebesar 94%. Setelah menerapkan strategi penanganan kegagalan melalui whitelist dan penyesuaian aturan,
akurasi meningkat menjadi 98%. Real-text evaluation dilakukan menggunakan 1.742 kata yang dikumpulkan
dari konten edukasi web berbahasa Indonesia. Setelah melalui proses preprocessing dan filtering, sebanyak
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564 kata unik dievaluasi, dengan 366 hasil stemming berhasil ditemukan dalam corpus, sementara sisanya
sebagian besar terdiri atas entitas nama, input tidak baku, bentuk ambigu, overstemming, dan
understemming. Temuan ini menunjukkan bahwa sistem yang diusulkan bekerja secara efektif untuk pola
morfologi umum bahasa Indonesia serta tetap praktis digunakan untuk kebutuhan edukasi dan eksperimen
NLP. Penelitian selanjutnya dapat difokuskan pada peningkatan penanganan reduplikasi, perluasan sumber

leksikal, dan pengembangan fitur aksesibilitas.

Kata kunci: Reduksi Akar Kata; Bahasa Indonesia; Akar kata; Enhanced Confix Stripping; Aplikasi Web;

INTRODUCTION

Stemming is one of the preprocessing stages in
Natural Language Processing (NLP) (Almuzaini &
Azmi, 2020). The application of NLP is in various
sectors, such as search engines (Sawicki et al,
2023), document classification (Zhu et al,
2025)(Rianto et al, 2021), sentiment analysis
(Kumar et al., 2025)(Dang et al., 2020)(Kastrati et
al, 2021), machine translation (Wang et al., 2022),
and information  retrieval (Le et al,
2025)(Hambarde & Proenca, 2023). Stemming
works to reduce words to their basic words (Jabbar
et al, 2020)(Rintyarna et al.,, 2022). The Porter
algorithm works efficiently for stemming English
language (Alyousf & Alhalabi, 2025). On the other
hand, in the context of Indonesian, the challenges
are greater because of the agglutinative nature of
Indonesian (Marlim, 2024), where a basic word can
have many varying morphologies (Saddhono et al,,
2023), ranging from affixes with simple patterns to
affixes with complex patterns. Indonesian is a
complex language due to the extensive variations in
affixation and the diverse morphological structures
that form word constructions (Nugraha, 2024a).

Researchers have built several Indonesian
stemming techniques since the late 1990s. Nazief
and Adriani (Enni Lindrawati et al, 2023)
introduced a rule-based stemmer that reduces
words based on Indonesian morphological rules
(Prismana et al, 2021). The Nazief and Adriani
algorithm is the most popular and commonly used
algorithm (Darmalaksana et al., 2020) due to its
rule-based characterictic and is the foundation of
several algorithms that emerged afterward, namely
Confix Stripping (CS) and then Enhanced Confix
Stripping (ECS) (Mustikasari et al., 2021).

The CS algorithm improved upon the original by
addressing several weaknesses in the Nazief-
Adriani approach, such as dictionary dependence,
handling of hyphenated words, and affix rule
precedence (Alfian et al, 2021). Meanwhile, the
Enhanced Confix Stripping (ECS) algorithm is an
extension of CS that adds recursive rules, prefix-
suffix combinations, and a checking step to the
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dictionary every time a step is executed. This
dictionary checking step is intended to minimize
understemming and overstemming  while
improving stemming validation accuracy. Sastrawi,
an Indonesian stemming library (Saifullah et al,
2024), uses the principles of Nazief and Adriani, CS,
and ECS in its development (Bahtiar et al., 2023).
Other Indonesian stemming algorithms include the
Vega algorithm, Idris algorithm, Arifin and Setiono
algorithms.

Although implementations of Indonesian
stemmers based on the ECS algorithm exist in the
form of programming libraries like it implemented
in Sastrawi, there is a lack of tools that are directly
accessible through the web and designed for ease of
use. Most existing solutions require installation or
programming knowledge, which can be a barrier
for students and non-technical users.

The topic of Indonesian language, specially
morphological structures, including prefixes and
suffixes, isintroduced at various levels of education,
from elementary to university. If the web-based
stemming application is implemented, these
students may benefit from an accessible and
interactive tool that helps them explore how
Indonesian words are formed and transformed
through affixation, without requiring programming
knowledge.

This study contributes  through the
implementation of the ECS stemming algorithmin a
web-based application. The novelty of this work lies
in delivering a lightweight, modular, and publicly
accessible stemming tool that supports educational
use and quick experimentation in Indonesian NLP.
The application is designed to process single-word
inputs and returns the root word, following the
morphological rules of the Indonesian language.

This research utilizes a corpus of basic
Indonesian words and a list of exception words. The
research method includes designing a web-based
system, implementing the ECS algorithm, and
evaluating the accuracy of stemming on several
samples of affixed words based on morphological
patterns. The scope of this research is limited to
applied algorithm, searching for basic words for
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one input word (not a sentence or document)
without integrating advanced NLP features such as
part-of-speech tagging or lemmatization, nor
comparison with other algorithms.

This study is expected to support Indonesian
NLP research and practical learning of Indonesian
morphology. The following section describes the
lexical resources, ECS implementation process, and
evaluation methodology used in this research.

RESEARCH METHODS

This research focuses on the implementation of
the Enhanced Confix Stripping (ECS) algorithm in a
web-based Indonesian stemming application. The
methodology consists of system implementation,
lexical resources, ECS algorithm, and evaluation of
stemming performance using rule-based and real-
text testing.

System Implementation

The application was implemented using Laravel
with a modular service-based architecture to
support ECS stemming operations and dictionary
validation.

Stemming using CS

hypenated Stemmer

word

split into two word

Output

Figure 1. Flowchart of Application

The flowchart in Figure 1. outlines the stemming
process, beginning from the moment a keyword is
entered until the result is displayed. It includes
several validation steps to determine the
appropriate course of action, such as verifying the
validity of the keyword, identifying whether it is an
exception word, and checking for reduplication.
The output is derived from two possible sources:
the result of the stemming operation or the
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exception word list. The application provides a
lightweight web-based interface consisting of an
input form and result display page, allowing users
to perform stemming without requiring
programming knowledge.

Lexical Resources

There are two lexical resources used in this
study: corpus.txt, this file serves as the reference
dictionary to verify whether a word is a valid root;
whitelist.txt, this file contains exception words that
bypass the stemming process. The details of both
files are provided in Table 1.

Table 1. List of Lexicon

File Structure Total
Name Entries
corpus.tx | Eachline contains a 28,970
t word followed by its root words
category in
parentheses, e.g., baca
(v).
whitelist. | Each line contains a 65
txt pair in the format exception
inflected_word=root_ | words
word, e.g.,
telunjuk=tunjuk.

The corpus containing root words obtained
from
https://github.com/novipeye/stemmindo/blob/m
ain/corpus.txt, derived from Kamus Besar Bahasa
Indonesia (KBBI) but filtered to contain only root
words. The corpus is available in several formats,
and this study uses the word-category format

The whitelist.txt contains a list of words with
infixes, such as “seruling” - “suling”. ECS does not
handle infixes, so the list is presented to reduce the
risk of over/understemming. The whitelist was
obtained from (Anistyasari & Hariadi, 2019).

Enhanced Confix Stripping Algorithm

The Enhanced Confix Stripping (ECS) algorithm
is a rule-based approach that extends the original
Confix Stripping method through recursive affix
removal and stepwise dictionary validation. The
original algorithm structure is maintained, while
additional repeated dictionary checks are
incorporated into the stemming process. Figure 2
presents the workflow of the ECS algorithm.

The first step of the ECS algorithm is keyword
validation. If the keyword is found in the corpus, or
if it consists of four characters following the original
ECS stemming heuristic, itis considered a root word
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Figure 2. ECS Algorithm

ECS also applies arule precedence checking step
to handle invalid affix combinations between
prefixes and suffixes. For example, the prefix “be-"
cannot be combined with the suffix “-an.” The list of
rule precedences is presented in Table 2. Like the
original algorithm, which does not define whether
this check should be performed at the beginning or
the end of the stemming process, this study
performs rule precedence checking immediately
(Pramudita et al., 2018) after keyword length
validation

If the keyword satisfies the rule precedence
conditions, the stemming sequence is reversed by
removing prefixes before suffixes. If no root word is
found, the keyword is recoded and processed again
using the regular stemming procedure.

In Indonesian morphology, suffixes from the
same category cannot be attached more than once.
Therefore, suffix removal is performed only once. In
ECS, each stemming stage is followed by a corpus
validation step. If the resulting word is found in the
corpus, the process stops; otherwise, the stemming
process continues.

Table 2. List of Forbidden Confix Combination

Prefix Forbidden
Suffix

be- -i

di- -an

ke- -i, -kan

me- -an

se- -i, -kan
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te- -an

At this stage, the algorithm removes inflectional
particles (-kah, -lah, -tah, -pun), which always
appear as the outermost suffixes. For example, in
the word “apapun,” no additional suffix can follow
“-pun.” Next, possessive pronouns (-ku, -mu, -nya)
are removed, followed by derivational suffixes (-i, -
kan, -an).

If the root word is still not found, the algorithm
proceeds with the removal of derivational prefixes
(ke-, se-, di-, be-, pe-, me-). When prefix removal
does not produce a valid root word, recoding is
performed by restoring the removed prefix before
applying prefix-specific stemming rules.

If no root word is identified after all stemming
rules have been applied, the word is returned to its
original form.

Evaluation Method
Rule-Based Testing

To evaluate the accuracy of the stemming
algorithm, 20 Indonesian affixed words were
selected based on common morphological patterns.
Each word was processed using the implemented
system. The evaluation focused on whether the
stemming result was successful or not.

An evaluation was also conducted on 33 prefix
rules, with 1 to 3 words tested for each rule. If the
stemming resultis successful, it indicates that other
words with the same pattern are also likely to
succeed. Conversely, a failed stemming suggests
that other words adhering to the same pattern are
also prone to failure.

Real-text Evaluation

To evaluate the stemming performance in
practical scenarios, Indonesian text data were
collected from online news articles and educational
websites. The collected text was tokenized and
filtered to obtain unique affixed words. Each
stemming result was manually validated against the
expected root word.

The collected text underwent preprocessing
consisting of case folding, symbol and numeric
removal, duplicate filtering, and validation using
regular expressions to retain only valid alphabetic
Indonesian word forms. Although hyphens are
permitted during input validation to support
reduplication, the preprocessing stage used in real-
text evaluation removes punctuation symbols
through regex filtering, including hyphens in
certain reduplicated forms.

The total number of words collected was 1,742.
After the symbol and numeric removal process, the
number decreased to 1,681 words. Following the
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duplicate removal phase, the dataset was reduced
to 709 words. Meanwhile, after the stopword
removal process, the number of words became 564,
which were then ready for the stemming process.

RESULTS AND ANALYSIS
This section presents the results of the system
implementation and analysis of its performance. It
includes an overview of the user interface and
validation process, evaluation of the stemming
algorithm’s accuracy, and the effectiveness of
failure handling strategies.

User Interface and Validation

Cari Kata Dasar

Figure 3. Homepage

Figure 3 shows the main page of the web
application, where users input the word to be
stemmed. The display consists of an input form.

Aplikasi Stemming Bahasa Indenesia

Cari Kata Dasar

Figure 4. Result Page

Figure 4 displays the result page of the application.
The input word ‘memperjuangkan’ is stemmed
successfully to its root word ‘juang’, as shown in the
output section.

Aplikas! Stemming Banasa Indonesla

Cari Kata Dasar

Figure 4. Client-Side Input Validation
The form input is equipped with validation. Only
alphabetic characters are allowed as input,
excluding numbers and symbols except hyphens
used in reduplication.
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Evaluation of ECS Algorithm
Rule-based testing

The evaluation was conducted by assessing the
stemming results of specific affixation patterns,
each evaluated once. There are 20 possible affix
patterns that may occur in Indonesian words. Each
affixed word was processed through the stemming
algorithm. In this context, the morphological
components are categorized as follows: RW (Root
Word), DS (Derivational Suffix), DP (Derivational
Prefix), P (Particle), and PP (Possessive Pronoun).
Table 3 presents the keyword and stemming result.

In addition to using affixation patterns, the
evaluation also applies to 33 derived rules. Each
pattern is evaluated using one to three words,
resulting in a total of 100 words being assessed. If a
word is successfully stemmed, other words
following the same morphological pattern are also
likely to be processed correctly.

The affixation pattern evaluation achieved 18
successful cases out of 20 tested patterns (90%).
Further evaluation on 100 words representing 33
derived prefix rules achieved 94 successful
stemming results (94%). The 6% stemming failures
occurred due to ambiguous words, and
overstemming. Because of the many rules applied
to affixed words, certain words end up being
incorrectly stemmed when subjected to the same
pattern.

Table 3. Affix Pattern and Stemming Result
Pattern Status
S

RW + DS

RW + PP

RW + DS

DP (di) + RW + DS

DP (meny) + RW + DS

RW+P

DP (pem-) + RW + DS

DP (ber-) + RW + P

DP + RW + PP (-nya)
reduplication + DS

DP (di- + per-) + RW + DS (-kan)
DP + RW + PP

DP (ter-) + RW

DP (me-) + RW

RW + DS (-an) + PP (-mu)

DP (ber-) + RW + DS (-an)

DP (ke-) + RW + DS (-an)

DP (mem-) + RW

DP (di-) + RW+DS +P

DP (per-) + RW + DS (-an) + PP (-nya)

TILnLninn nnininnimMmnininninninnin ynnln
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For example, in the word “berilmu”, since the
removal of inflectional suffixes is done at the
beginning, the “mu” in berilmu is removed. This
leaves the word “beril”, which is an incorrect
stemming result. However, it does not violate the
ECS algorithm. Another example is the word
“menyanyi”, which produces “sanyi”, an incorrect
stemmed result. It should be “nyanyi”. But in terms
of prefix rules, this is actually correct because the
“me-*“ prefix followed by a word beginning with “s”
will be fused and replace the “s” with “ny”. This rule
performs effectively for the words “menyapu”,
“menyetujui”, which yield the root words “sapu”
and “setuju”.

Ambiguity also arises in words like “perasa”,
where the stemmer outputs “asa”. While “asa” is a
valid root word, the intended root is “rasa”.
Morphologically, both interpretations are plausible:
“perasa” could be derived from the prefix “pe-“ and
root “rasa”, or from “per-“ and root “asa”. This
highlights the inherent ambiguity present in affix
combinations, which rule-based algorithms often
struggle to resolve definitively.

Ambiguity is a common limitation in rule-based
stemming approaches, particularly for
morphologically rich languages such as Indonesian
and Arabic. A related problem is overstemming.
Like ambiguity, overstemming often arises from the
complexity of morphological rules and the
extensive variety of affix combinations found in
such languages. However, in the development of
this application, we aimed to accommodate various
conditions in order to minimize failures. Stemming
failures are addressed specifically in the following
section.

Real-text Evaluation
Of the 564 processed words, 366 (64.9%)

were corpus-matched, while 198 (35.1%) were
corpus-unmatched. This result indicates that the
ECS algorithm performs effectively for common
Indonesian derivational and inflectional affixes
found in real-world texts. Most successful
stemming cases involve standard prefix-suffix
combinations such as ber-, ber- + -kan, di- + -kan, di-
+ -I, di- + -kan + -nya, ke- + -an, ke- + -an + -nyaq, -an,
me-, mem- which are well-covered by ECS rules.

However, stemming failures still occur in
several categories, particularly named entities,
ambiguous affix combinations, reduplication, and
words affected by overstemming or
understemming. The stemming failures can be
categorized into five groups:
1. Named entities
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Words such as “Abdul”, “Australia”, and
“Agustus” are not included in the corpus
because the dictionary focuses on Indonesian
root words rather than proper nouns. As a
result, these words are marked as invalid
although the stemming mechanism itself does
not fail.

Reduplication

Reduplication-related failures mainly occur
because the preprocessing stage removes
hyphen symbols through regular expression
filtering. As a result, reduplicated forms lose
their original structure before entering the
stemming process, causing the resulting
words to become invalid or difficult to analyze
correctly by the ECS algorithm.

Overstemming

Overstemming occurs when excessive affix
removal produces a root that is shorter or
semantically incorrect. For example, the word
“diperintah” becomes “perin”, indicating that
recursive prefix stripping removed valid root
characters.

Understemming

Understemming occurs when the algorithm
fails to remove all required affixes. For
instance, “berkebangsaan” results in
“bangsaan” instead of “bangsa”, indicating
incomplete suffix handling caused by rule
precedence constraints.

Invalid or noisy words

Invalid or noisy input occurs when the original
word contains typographical errors or non-
standard forms. For example, the word
“berikirim” is stemmed into “ikirim” because
the ECS algorithm correctly removes the prefix
“ber-”, but the remaining form does not
correspond to a valid Indonesian root word.
The real-text evaluation produced lower
validity results compared to controlled rule-based
testing because real-world texts contain named
entities, foreign terms, abbreviations,
typographical errors, and uncommon
morphological constructions that are not fully
represented in the corpus.

Unlike controlled datasets, real-world corpora
introduce linguistic variability that cannot always
be handled using deterministic rule-based
stemming alone. Examples of corpus-matched
stemming results are presented in Table 4.

Table 4. Corpus-matched Stemming Result
Keyword Stemming Result
berasimilasi asimilasi
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berdasarkan dasar
catatan catat
dibandingkan banding
keberadaannya ada
kemerdekaan merdeka
menaklukkan takluk
pemerintahannya perintah

Corpus-unmatched stemming results are also
identified and presented in Table 5.
Table 5. Corpus-unmatched Stemming Result

Keyword Stemmin | Status
g Result
abdul abdul person name
australia australia place name
berangsurangsu | angsur- expression
r angsur removal, unfit
berikirim ikirim typographical
error
rule
precendence
berkebangsaan | bangsaan | conflict,
understemmin
g
diperdebatkan rdebat lgmderstemmm
diperintah perin overstemming
gerakan gera overstemming

Based on these findings, several failure-handling
strategies were implemented to reduce stemming
inaccuracies.

Failure Handling
Failures in stemming can occur due to several
reasons: ambiguous words, overstemming,

understemming, infixes, and reduplicated forms. To

reduce the occurrence of such errors, two strategies

are employed:

a. Ambiguous results, infix forms, and
reduplicated words are addressed by
registering them in the whitelist. Any word
contained in this file bypasses the standard
stemming procedure and directly outputs the
predetermined stem as specified within the file.
This mechanism is implemented to avoid
conflicts between overlapping rules.
Fundamentally, ambiguity is an inherent
challenge in stemming for any language. Infix
words are appropriately handled through
whitelist due to their limited number and is
unproductive (Nugraha, 2024b). Meanwhile,
reduplicated words that fail to be stemmed
typically represent irregular forms and are
therefore sufficiently addressed through
inclusion in the whitelist.
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b. Rule-level accommodation (technical approach)
within the stemming process. The complexity
and breadth of rules in the ECS stemmer
increase the likelihood of omitting certain
patterns. Given that, this algorithm integrates
morphological analysis, it is insufficient to rely
solely on the rules outlined in the flowchart.
Additional rule combinations must be
formulated. For instance, in handling the
removal of the suffix -i, which occurs early in the
stemming sequence, there is a high risk of
erroneously removing characters that are not
actual suffixes. To mitigate this, compound rules
are introduced. One such example: “petani” >
“petan” constitutes an incorrect stemming
result. Hence, aruleis added, if a word ends with
-i and begins with pe-, the -i should not be
removed. Similarly, for the word “menggali”, if
the word ends with -i and starts with meng-, the
-i should likewise be retained.

Through the application of these failure-
handling strategies, the stemming evaluation has
achieved a 98% success rate for the same set of
keyword.

CONCLUSIONS

This study  presents a  web-based
implementation of the Confix Stripping (ECS)
algorithm using the Laravel framework for
stemming Indonesian words. The application is
simple, accessible through a browser, and intended
to support educational and research activities in the
field of Natural Language Processing (NLP).

The main contribution of this work is the
development of a lightweight and modular
Indonesian stemmer that can be accessed without
local installation or programming knowledge. By
making the ECS algorithm available as a web-based
tool, this research reduces barriers to entry for NLP
experimentation and provides a practical resource
for learning Indonesian morphological processing.

Initial evaluations of the stemming system
yielded a success rate of 90% based on affixation
pattern testing and 94% across 100 words
representing 33 derived prefix rules. Real-text
evaluation using 1,742 collected words, which were
reduced to 564 unique words after preprocessing,
showed that 366 stemming results were
successfully matched with the corpus. The
remaining unmatched results were mainly caused
by named entities, noisy input, reduplicated forms
affected during preprocessing, ambiguous words,
overstemming, and understemming. To reduce
these failures, the system incorporates a failure-
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handling mechanism using an exception word list
and rule-level accommodations. After applying
these strategies, the stemming accuracy on the rule-
based evaluation increased to 98%, demonstrating
the robustness and adaptability of the proposed
system for common Indonesian morphological

patterns.
Future work may include support for multiple
keyword input, REST APl development,

improvement of infix and reduplication handling,
and enhanced accessibility features.
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