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Abstract−This research presents a performance comparison between two approaches for identifying the base form of affixed 

Javanese words: the Ahmad Yusoff Sembok (AYS) rule-based stemming algorithm and the Jaro-Winkler (JW) string similarity 

approach. Javanese was selected as the focus because of its complex morphological structure, encompassing prefixes, suffixes, 

infixes, and confixes, along with significant speech-level and dialectal variation, which together pose challenges for natural 

language processing. The dataset comprises 720 manually annotated word lemma pairs. Evaluation was carried out using 

precision, recall, F1-score, accuracy, and Cohen’s Kappa, complemented by error analysis on over-stemming and under-

stemming cases. Results indicate that JW achieves higher overall performance (83.19% accuracy, 83% F1-score) compared to 

AYS (73.19% accuracy, 73% F1-score), with AYS producing more over-stemming errors (88 cases) and JW showing more 

under-stemming errors (47 cases). These outcomes suggest that similarity-based approaches are more effective in addressing 

Javanese morphological complexity, while also contributing a benchmark dataset of manually annotated Javanese word lemma 

pairs, a comparative evaluation framework between rule-based and similarity-based approaches, and practical insights for the 

development of stemming tools in regional languages that currently lack NLP resources. 

Keywords: Stemming; Javanese Language; Ahmad Yusoff Sembok; Jaro-Winkler; Natural Language Processing; 
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1. INTRODUCTION 

Stemming is a fundamental step in natural language processing (NLP) that aims to reduce inflected or derived 

words to their root form. This process plays a vital role in minimizing morphological complexity, thereby 

improving the efficiency and accuracy of various NLP applications such as information retrieval, text 

classification, information extraction, and sentiment analysis[1], [2], [3], [4], [5]. For instance, different forms of 

a word like “running,” “runner,” and “ran” can be normalized to a common root, “run.” Such normalization 

enhances the consistency of word representation in textual corpora and facilitates more effective linguistic analysis 

and computational processing. As NLP technology becomes increasingly widespread, numerous stemming 

algorithms have been developed, particularly for resource-rich languages. The Porter algorithm is widely adopted 

for English[6], while the Nazief & Adriani algorithm has become a standard for Indonesian[7], [8], [9], [10], [11]. 

These algorithms are typically tailored to the morphological characteristics of their respective languages and have 

shown strong performance in their native contexts. However, when applied to under-resourced regional languages 

such as Javanese which features complex morphological patterns and sociolinguistic variation the performance of 

these algorithms often declines significantly. 

Javanese is one of the most widely spoken regional languages in Indonesia, predominantly used in Central 

Java, Yogyakarta, and East Java[12], [13], [14], [15], [16]. Despite its large speaker base, Javanese remains under-

resourced in terms of digital linguistic tools and NLP infrastructure. Its rich and irregular morphological structure 

poses significant challenges. The language incorporates various types of affixes prefixes (ma-, dak-, ka-, ny-, ng-

, kok-), infixes (-er-, -el-, -in-, -um-), suffixes (-ku, -mu, -an, -na, -ana, -en), and confixes (prefix-suffix 

combinations) and employs reduplication in word formation[17], [18], [19], [20], [21]. Furthermore, Javanese 

often exhibits non-linear morphological processes that cannot be addressed through simple truncation methods 

used in other languages like English or Indonesian[22], [23], [24], [25], [26]. In addition to its morphological 

complexity, Javanese also presents sociolinguistic challenges. It operates within a hierarchical speech level system 

consisting of ngoko (informal), madya (intermediate), and krama (formal), with vocabulary usage varying 

according to the speaker’s social context and relationship[27]. These levels influence word forms and affixation 

patterns, further compounded by dialectal variations across regions[28], [29], [30], [31], [32]. Together, these 

factors create significant obstacles for applying general-purpose stemming algorithms to the Javanese language. 

In light of these challenges, several studies provide a strong foundation for selecting suitable methods in 

addressing stemming for Javanese. Research such as Leveraging Jaro-Winkler for Enhanced Nazief-Adriani 

Banjar Text Stemming [17] has demonstrated the effectiveness of Jaro-Winkler similarity in improving stemming 

performance for another regional language, while A Comparative Study of Stemming Techniques on the Malay 

Text [18] emphasizes the importance of comparative analysis for linguistically related languages. Additionally, 

Perbandingan Levenshtein Distance dan Jaro-Winkler Distance untuk Koreksi Kata dalam Preprocessing Analisis 

Sentimen Pengguna Twitter [19] highlights the applicability of Jaro-Winkler in string similarity tasks, further 

justifying its relevance in NLP preprocessing. Meanwhile, Analisis dan Perbandingan Stemming Algoritma Porter 
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dengan Algoritma Ahmad Yusoff Sembok dalam Dokumen Teks Bahasa Indonesia [20] underscores the 

significance of the AYS algorithm in handling morphological variations in regional languages. 

Building on these insights, this study focuses on two approaches: a rule-based method adapted from Ahmad 

Yusoff Sembok (AYS) and a string similarity-based method using Jaro-Winkler (JW). AYS offers flexibility in 

handling complex morphology without relying on large dictionaries, while JW provides a similarity-based strategy 

to address irregular word forms. These two methods were chosen not only for their adaptability but also because 

research applying them to regional languages particularly Javanese remains very limited. In contrast, the widely 

used Nazief & Adriani algorithm shows strong performance in Indonesian but struggles with non-standard affixes, 

dialectal differences, and hierarchical speech levels in Javanese, making AYS and JW more promising alternatives 

for this study. 

To address these issues, the Ahmad Yusoff Sembok method was modified to suit Javanese morphology [2], 

while Jaro-Winkler compares affixed words to base forms using similarity scores [3]. Both methods were evaluated 

using precision, recall, F1-score, and Cohen’s Kappa to assess accuracy and agreement with reference data [4]. 

The study contributes a comparative analysis of two methods for Javanese, offering insights into overstemming 

and understemming. While promising, limitations include a small dataset and unresolved morphological 

variations. Future work should expand the dataset and explore hybrid models to improve performance across 

regional languages. 

2. RESEARCH METHODOLOGY 

This study focuses on the application of two stemming algorithm approaches for the Javanese language, namely 

Ahmad Yusoff Sembok's rule-based algorithm and Jaro-Winkler's string similarity-based algorithm. These two 

algorithms are used to identify the base forms (lemmas) of inflected words in Javanese, representing two different 

paradigms of morphological processing: an explicit linguistic approach through affixation rules, and a statistical 

approach through character similarity measurements between words[1], [26]. 

The research process consisted of several main stages, starting with data collection, followed by 

preprocessing to prepare the data for processing by the system. Next, the processed data was tested using two 

separate stemming algorithms, namely the Ahmad Yusoff Sembok Stemmer and the Jaro-Winkler Stemmer. The 

stemming results from both methods are then evaluated in the algorithm testing stage using quantitative metrics 

such as accuracy, precision, recall, F1-score, as well as analysis of overstemming and understemming phenomena. 

Each stage in the process is designed to ensure that the comparison is systematic and objective. In addition 

to quantitative evaluation, qualitative analysis is also conducted to identify the types of errors produced by each 

approach, especially in handling the complex morphological structure of the Javanese language. The sequence of 

this research process is illustrated in Figure 1, which presents the research flow chart. 

 

Figure 1. Research Flow Chart 

Figure 1. Research Flow Chart illustrates the overall process of this study. The flow begins with data 

collection, where a set of affixed words and their root forms are gathered as the test dataset. The collected data 

then undergo preprocessing, including normalization and cleaning to ensure consistency. Subsequently, the data 

are processed using two stemming approaches, namely the Ahmad Yusoff Sembok Stemmer and the Jaro-Winkler 

Stemmer. Finally, the results are assessed using evaluation metrics such as precision, recall, F1-score, 

overstemming, and understemming, before the process reaches the end stage. 

2.1 Data Collection 

The data used in this study was obtained through the manual collection and compilation of a Javanese text corpus. 

The corpus comprises 720 annotated inflected words, including 314 words with prefixes, 61 with infixes, and 345 

with suffixes. Each word is paired with its correct base form or lemma, enabling precise evaluation of the stemming 

algorithm’s performance by comparing its output with the reference data. The data sources were drawn from a 

variety of references to ensure both diversity and representativeness. These include Javanese elementary school 

textbooks, which provide standard vocabulary in an educational context; the “Pepak” Javanese dictionary, which 

contains base word forms, affix types, and morphological rules; as well as various online sources such as blogs, 

social media platforms, forums, and Javanese-language news sites that contribute to vocabulary variation, 

including regional dialects and non-standard forms[40], [41], [42], [43], [44]. 

In total, the compiled dataset consisted of 720 annotated word–lemma pairs, comprising 314 words with 

prefixes, 61 with infixes, and 345 with suffixes. This distribution of affixed words is illustrated in Figure 2, which 
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shows the proportion of each affix type in the corpus. All data were manually annotated by native Javanese 

speakers with linguistic expertise to guarantee the accuracy of the pairing between affixed words and their 

corresponding lemmas. The annotated dataset was then stored in a plain text file (kata_uji.txt), which served as 

the input for testing the stemming algorithms. 

 

Figure 2. Affix Type Distribution in the Javanese Text Corpus 

The structure and distribution of the data are illustrated in Figure 2. This figure shows the proportion of 

words with prefixes, infixes, and suffixes in the corpus, providing a clear overview of how different affix types 

are represented and ensuring that the dataset covers a balanced variety of morphological forms. 

To provide a clearer overview of the data, Table 1 presents representative examples of the word lemma 

pairs along with their Indonesian and English meanings. These examples highlight how affixed forms are linked 

to their root words, thereby ensuring that the dataset is both systematic and practical for evaluating the performance 

of stemming algorithms. 

Table 1. Dataset Overview 

No Word Indonesian English 

1 anake anak child 

2 anakan anak child 

3 ambegan bernafas breathe 

4 akrabake akrab familiar 

5 adusake memandikan bathe 

6 ajare pengajaran teaching 

7 maguru berguru study 

8 dijarah dijajah colonized 

9 mbalang melempar throw 

10 dibalang dilempar thrown 

11 nggawa membawa lead 

… … … … 

720 winoco dibaca read 

As shown in Table 1, these representative word–lemma pairs illustrate how affixed words are systematically 

linked to their root forms, supporting both the quantitative distribution in Figure 2 and the practical evaluation of 

the stemming algorithms. 

2.2 Preprocessing 

The preprocessing stage is a critical initial step in the stemming system, as it transforms unstructured raw text into 

a clean and consistent format suitable for systematic analysis. In this study, preprocessing was conducted 

separately for the two algorithmic approaches employed, namely the Ahmad Yusoff Sembok (AYS) method and 

the Jaro-Winkler (JW) algorithm, with each step tailored to the specific characteristics of the respective method. 

One of the first processes in this stage involves reading the test data contained in kata_uji.txt, which includes pairs 

of affixed words and their corresponding base forms. The data are processed by splitting each line with a comma 

delimiter and storing it as a list of tuples, where each tuple consists of a test word and its associated root label. 

From these labels, a base word dictionary (kamus_jawa) is constructed to serve as a reference for validating 
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stemming results. In addition, lists of Javanese prefixes, suffixes, and infixes are defined to support the affix 

removal process. This procedure is outlined in the pseudocode provided in Table 2, which describes the workflow 

for reading test data, constructing the base word dictionary, and preparing the affix list. 

Table 2. Pseudocode Algorithm 

with open('kata_uji.txt', 'r', encoding='utf-8') as f: 

    data_uji = [] 

    for line in f: 

        parts = line.strip().split(',') 

        if len(parts) == 2: 

            data_uji.append((parts[0].strip(), parts[1].strip())) 

 

kamus_jawa = {label for _, label in data_uji} 

prefixes = ['ma', 'n', 'm', 'ny', 'ng', 'dak', 'kok', 'di', 'ka', 'sa', 'pa', 'pi', 'pra', 'pari', 'tar', 'kuma', 'kami', 'kapi'] 

suffixes = ['i', 'ku', 'mu', 'an', 'a', 'na', 'ana', 'en', 'ne', 'ing', 'ake', 'e'] 

infixes = ['in', 'um', 'em', 'el', 'er'] 

To illustrate the overall processing flow, Table 1 presents a pseudocode diagram showing the main steps in 

comparing AYS and JW. The process begins with loading the test data, followed by branching into two algorithmic 

paths, and concludes with evaluation and visualization of the stemming results. Each path applies its own 

preprocessing and stemming strategy before comparative performance measurement is conducted. 

For the AYS approach, the system reads the data from kata_uji.txt and applies a sequential affix removal 

strategy. Prefixes (ma-, ny-, ng-, dak-, kok-, di-) are checked first; if the resulting form is found in the dictionary, 

the process stops and the word is accepted as the base form. If not, the algorithm proceeds with infix removal (-

in-, -um-, -el-, -er-), followed by suffix removal (-ku, -mu, -an, -na, -ana, -en), and finally confixes (prefix–suffix 

combinations). Dictionary verification is performed after each step. This sequential rule hierarchy is summarized 

in Table 3, which illustrates representative examples of affix deletion. Such a process is intended to capture the 

characteristic morphological structure of the Javanese language. The results are then evaluated using precision, 

recall, F1-score, and Cohen’s Kappa, alongside counts of over-stemming and under-stemming. 

Table 3. Deletion process 

For the JW approach, preprocessing also begins with the same dataset, but the emphasis is on string 

similarity. Words first undergo light affix cleaning using the list of Javanese prefixes, suffixes, and infixes. Unlike 

AYS, which applies explicit rules and dictionary checks, JW compares the cleaned forms against the entire set of 

root words using the Jaro-Winkler similarity score. The candidate with the highest similarity score is then selected 

as the final stem. This step enables JW to identify root words even when affixation deviates from standard patterns, 

which often occurs in Javanese dialectal variations. The overall process of JW preprocessing and example outputs 

are also summarized in Table 3, which presents sample cases of affix handling and their stemming results. The JW 

results are evaluated using the same metrics as AYS, with additional analysis of error tendencies, including over-

stemming and under-stemming. 

In summary, AYS relies on a sequential rule-based affix removal strategy, while JW employs a similarity-

based scoring approach with minimal affix cleaning. These distinct but complementary strategies are empirically 

compared in the evaluation stage, as illustrated in Figure 1 and further detailed in Table 3.  

2.3 Evaluation Metrics 

At this stage, the evaluation focused on assessing the performance of two stemming algorithms Ahmad Yusoff 

Sembok (AYS) and Jaro-Winkler (JW) in accurately identifying root words in Javanese. This step is essential for 

determining each algorithm’s effectiveness in generating base forms that align with reference labels. To ensure 

objective measurement, several evaluation metrics were employed: Precision, Recall, F1-score, Cohen’s Kappa, 

and Accuracy. Precision reflects the correctness of predicted stems, while Recall indicates the system’s ability to 

retrieve all relevant root words. The F1-score balances these two aspects through their harmonic mean[34]. 

Cohen’s Kappa evaluates the agreement between system output and reference labels, accounting for chance 

agreement. Accuracy provides an overall view of correct predictions relative to the total dataset. Together, these 

metrics offer a comprehensive assessment of the algorithms' performance. The equations used are presented below: 

Precision =  
TP

TP + FP
 ×  100%          (1) 

No Affixed Word Process Stemming Method Type Results 

1 maguru ma - guru guru Ahmad Y Sembok prefix success 

2 gumantung g – um - antung gantung Jaro-Winkler infix success 

3 tutupen tutup - en tutup Ahmad Y Sembok suffix success 

4 ditakoni di – takon - i takon Jaro-Winkler prefix + suffix success 
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Recall =  
TP

TP + FN
 ×  100%          (2) 

F1 Score = 2 ×
Precision × Recall

Precision +Recall
           (3) 

Cohen′s Kappa =
Po − Pe

1−Pe
           (4) 

Accuracy =
TP

N
 ×  100%           (5) 

In addition, as part of the error analysis, the system also automatically calculates the number of 

overstemming and understemming cases that occur during the stemming process. Identifying these types of errors 

helps reveal patterns of weakness that the algorithm still has, especially in handling complex morphological 

variations. In general, the higher the values of Precision, Recall, F1-score, Cohen’s Kappa, and Accuracy, the 

better the system’s performance in generating base words that match the tested reference labels. Thus, the 

evaluation not only assesses technical accuracy but also reflects the algorithm’s precision and reliability in 

addressing the linguistic challenges of the Javanese language. 

3. RESULT AND DISCUSSION 

3.1 Preprocessing 

During the preprocessing stage, a series of data cleaning and transformation processes are carried out to prepare 

unstructured raw text into a neater format that is ready to be processed by the Ahmad Yusoff Sembok (AYS) and 

Jaro-Winkler (JW) algorithms. This stage aims to improve the accuracy of stemming results by ensuring that the 

data is free from disruptive elements, such as non-alphabetic characters, spelling errors, and inconsistencies in 

letter formatting. 

Table 4. Preprocessing Results 

No Affixed Word Affix Root Word Indonesian English 

1 anake -e anak anak child 

2 anakan -an anak anak child 

3 ambegan -an ambeg bernafas breathe 

4 akrabake -ake akrab akrab familiar 

5 adusake -ake adus memandikan bathe 

6 ajare -e ajar pengajaran teaching 

7 maguru ma- guru berguru study 

8 dijarah di- jarah dijajah colonized 

9 mbalang m- balang melempar throw 

10 dibalang di- balang dilempar thrown 

11 nggawa ng- gawa membawa lead 

… … … … … … 

720 winoco -in- woco dibaca read 

The preprocessing process includes removing affixes (prefixes, suffixes, and infixes), normalizing words, 

and simplifying word forms to match the algorithm's input format. The results of this stage are presented in Table 

4, which shows how word forms are transformed before being entered into the stemming stage. For example, the 

word “anake” is simplified to “anak”, and ‘winoco’ is changed to “woco.” Such transformations are important to 

ensure that the analyzed data is clean, consistent, and aligned with the morphological structure targeted by the 

algorithm. Thus, the preprocessing stage serves as a crucial foundational step in supporting the overall performance 

of the stemming system. 

3.2 Stemming Results 

At this stage, words that have passed through the preprocessing stage are further processed through the stemming 

stage. This study uses two main approaches, namely the Ahmad Yusoff Sembok (AYS) algorithm and the Jaro-

Winkler (JW) algorithm. The stemming process using the AYS approach is carried out in three stages, namely the 

removal of prefixes, infixes, and suffixes. The first step, prefix stemming, aims to remove common prefixes in 

Javanese. The second step, infix stemming, focuses on removing infixes inserted within words. Finally, suffix 

stemming is performed to remove suffixes attached to the end of words. This process is divided into three stages 

to improve accuracy in recognizing base forms, given the complex morphological structure of Javanese with 

affixation variations that affect meaning. 

Meanwhile, the Jaro-Winkler approach is a string similarity-based method. This algorithm works by 

comparing the preprocessed words with all entries in the base word dictionary, then calculating the similarity score 

using the Jaro-Winkler metric. The base word with the highest similarity value that exceeds a certain threshold, 
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for example 0.85, will be selected as the stemming result. This approach is particularly useful for handling words 

with complex morphophonemic structures or infixes that are difficult to recognize explicitly through affixation 

rules. 

By combining these two approaches, the stemming process becomes more comprehensive. The AYS 

algorithm offers advantages in systematically analyzing morphological structures, while the JW algorithm 

provides an alternative similarity-based solution for words that are not covered by explicit rules. The stemming 

results from both methods are then compared to evaluate their accuracy and effectiveness in identifying the base 

form of words in Javanese. 

3.3.1 Prefix Stemming 

The stemming process was performed on 314 Javanese words beginning with prefixes. For example, the word 

“maguru” was successfully reduced to the root form “guru,” with the prefix “ma-” correctly recognized and 

removed. The complete results for prefix words are summarized in Table 5, which compares the performance of 

the Ahmad Yusoff Sembok (AYS) algorithm and the Jaro-Winkler algorithm. 

Table 5. Results of Stemming Prefixes Using Ahmad Y Sembok and Jaro-Winkler Algorithms 

Algorithm Total Data Success Rate Overstemming Understemming 

Ahmad Y Sembok 314 284 11 19 

Jaro-Winkler 314 268 26 20 

Overall, both methods showed satisfactory performance with AYS successfully processing 284 out of 314 

words and JW 268 out of 314 words, as summarized in Table 5. For example, the word “dijarah” was successfully 

converted to “jarah” and “ngombe” to “ombe” by both algorithms. This indicates that both the AYS and Jaro-

Winkler algorithms are consistently capable of recognizing and removing various prefix forms in Javanese, such 

as (ma-, n-, m-, ny-, ng-, dak-, kok-, di-, and ka). 

However, differences in results were still found in some words, particularly in cases with more complex 

morphological structures. These differences are typically related to the algorithm's sensitivity in identifying the 

root word from more varied forms. However, based on the data presented, most of the test words, including words 

such as “dibutuhake” which became “butuh” and “ditakoni” which became “takon”, showed identical results. This 

finding indicates that both rule-based approaches such as AYS and string similarity-based approaches such as Jaro-

Winkler are very effective in handling the prefix stemming process in Javanese. 

3.3.2 Infix Stemming 

The stemming process for infixes was performed on 61 words containing infixes in Javanese, such as (-in-, -um-, 

-l-, and -r-). Infixes are a type of affix inserted into the root word, which often affects the phonological and 

morphological structure of the word. A common example is the word “gumantung”, which changes to “gantung” 

after the infix “-um-” is successfully removed through the stemming process. Handling infixes is important for 

improving the effectiveness of morphological processing in Javanese. The complete results for infixed words are 

summarized in Table 6, which compares the performance of the two algorithmic approaches. 

Table 6. Results of Stemming Infixes Using Ahmad Y Sembok and Jaro-Winkler Algorithms 

Algorithm Total Data Success Rate Overstemming Understemming 

Ahmad Y Sembok 61 40 1 20 

Jaro-Winkler 61 49 3 9 

Both algorithms demonstrate reliable performance in identifying and removing infixes, as shown by the 

number of words successfully stemmed. As an illustration, the word “gumantung” was successfully changed to 

“gantung”, “tinangis” to “tangis” and “sinerat” to “serat” by both methods. This indicates that both the AYS and 

Jaro-Winkler approaches are capable of handling various types of insertions such as (-um-, -in-) and complex 

patterns such as (-in-...-a) with a reasonable level of accuracy. However, there are still some words that failed to 

undergo infix removal, such as “mlempem”, “mlebu”, and “jlerit.” In these cases, neither the rule-based algorithm 

nor the string similarity algorithm could identify the hidden or morphologically irregular infixes, resulting in 

under-stemming cases. This finding indicates that further refinement is needed in both approaches to make them 

more adaptive to unconventional insertion patterns. Nevertheless, the results in Table 6 show that both methods 

exhibit promising capabilities in infix stemming for Javanese. 

3.3.3 Suffix Stemming 

The stemming process for words containing suffixes in Javanese was performed on 345 words. One example that 

was successfully processed was the word “anake”, which was returned to its base form “anak” by removing the 

suffix “-e”. This demonstrates the algorithm’s ability to accurately detect and separate suffixes from the root word. 

The complete results are summarized in Table 7, which presents the total data, success rate, and the number of 

over-stemming and under-stemming cases for both approaches. According to the table, AYS successfully 
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processed 203 words, with 76 over-stemming and 66 under-stemming cases, while JW successfully processed 282 

words, with 18 over-stemming and 45 under-stemming cases. 

Table 7. Results of Stemming Suffixes Using Ahmad Y Sembok and Jaro-Winkler Algorithms 

Algorithm Total Data Success Rate Overstemming Understemming 

Ahmad Y Sembok 345 203 76 66 

Jaro-Winkler 345 282 18 45 

From these results, as summarized in Table 7, it is evident that suffix removal generally proceeds smoothly. 

For example, the word “adusake” was successfully converted to “adus” and “gambaran” to “gambar”. Both 

algorithms tested by Ahmad Yusoff Sembok and Jaro-Winkler were able to eliminate various types of suffixes 

such as -e, -an, -ake, and similar forms without obscuring the meaning of the root word. However, some differences 

between the methods are notable. For example, for the word “panganan”, the Ahmad Yusoff Sembok algorithm 

produces the form “ngan”, indicating over-stemming by removing part of the root word “pangan.” whereas JW 

retained “panganan”, indicating under-stemming due to the failure to detect and remove the suffix. This difference 

highlights the characteristics of each method: rule-based algorithms tend to be more aggressive in truncation, while 

string similarity-based approaches are more conservative and cautious. 

Overall, both algorithms demonstrate fairly stable performance in handling suffixed words. Nonetheless, 

further refinement is needed to improve the identification of basic morpheme boundaries, balancing cutting 

effectiveness with semantic accuracy, thereby minimizing potential over-stemming and under-stemming and 

making the Javanese suffix stemming process more optimal and contextually appropriate. 

3.4 Qualitative Error Analysis 

To complement the quantitative results, a qualitative analysis was conducted by analyzing representative cases of 

over-stemming and under-stemming for each type of affix. For prefixes, a case of over-stemming occurred in the 

word “kapilih” which was stemmed to “lih”, when the correct base form is “pilih”. This shows that the AYS rule 

is too aggressive and cuts not only the prefix “ka-“but also part of the base word. Meanwhile, JW produced under-

stemming in the word “ateges”, which remained “ateges”, whereas the correct base form is “teges”. This occurred 

because the similarity score failed to completely remove the prefix a-. For infixes, AYS showed over-stemming in 

the word “kumawani”, which was produced as wan, while the correct base form is “mawan”. This error occurs 

because the infix -um- is processed incorrectly, causing an essential part of the root word to be deleted. Conversely, 

JW produces under-stemming on the word “akudhung”, which is still produced as “akudhung”, whereas the correct 

root form is “kudhung”. This shows that affixes are not fully detected during the similarity matching process. For 

suffixes, AYS produces over-stemming on the word “panganan”, which is produced as “ngan”, whereas the correct 

root form is “pangan”. This error is caused by excessive truncation that goes beyond the suffix -an. On the other 

hand, JW produces under-stemming on the word “diwutah”, which is produced as “wutah”, whereas the correct 

base form is “Utah”. This is caused by a threshold mechanism that fails to completely remove the initial affix, 

leaving elements in the stemming result. These representative cases show that AYS tends to over-stem due to the 

application of rigid rules, especially when affixes resemble root segments, while JW is more prone to under-

stemming due to its similarity-based approach, which is often more conservative, thus retaining partially affixed 

word forms when phonological variations occur in the root word. 

3.5 Evaluation Metrics 

The testing was conducted by calculating evaluation metrics such as Accuracy, Precision, Recall, F1-score, and 

Cohen’s Kappa. The stemming process was performed thoroughly on words in Javanese. Both algorithms 

successfully found the root words, but there were differences in the number of over-stemming and under-

stemming. A comparison of the test results of the two methods is shown in Table 8. 

Table 8. Comparison Results: Ahmad Y Sembok vs. Jaro-Winkler Stemming 

Metric Ahmad Yusoff Sembok Jaro-Winkler 

Amount of Test Data 720 720 

Correct Amount 527 599 

Over-stemming 88 47 

Under-stemming 105 74 

Accuracy (%) 73.19% 83.19% 

Precision (%) 73% 83% 

Recall (%) 73% 83% 

F1-Score (%) 73% 83% 

Cohen’s Kappa 73% 83% 

As shown in Table 8, the Jaro-Winkler algorithm consistently outperformed the Ahmad Yusoff Sembok 

method, achieving high accuracy (83.19% vs. 73.19%) and producing fewer over-stemming and under-stemming 
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errors. This highlights JW's more precise handling of Javanese morphology, while AYS remains prone to excessive 

affix removal. 

 

Figure 3. Ahmad Y Sembok Algorithm Bar Chart 

Figure 3 illustrates the performance evaluation of the AYS stemmer. The left chart shows that Precision, 

Recall, F1-Score, and Cohen’s Kappa all reached 0.73, indicating a balanced but moderate level of performance. 

The right chart displays the stemming accuracy, where 527 words were correctly stemmed (True) and 193 words 

were incorrectly stemmed (False). These results confirm that although the AYS method can process a large portion 

of the dataset successfully, it still leaves room for improvement, particularly in reducing error cases. 

 

Figure 4. Jaro-Winkler Algorithm Bar Chart 

Figure 4 shows that the Jaro-Winkler algorithm achieved consistent Precision, Recall, F1-Score, and 

Cohen's Kappa scores of 0.83. The accuracy graph on the right shows that 599 words were correctly classified and 

121 words were misclassified. These results confirm the superiority of JW in providing higher accuracy compared 

to AYS. 

Table 8 shows the comparative performance of the Ahmad Yusoff Sembok and Jaro-Winkler algorithms in 

stemming Javanese words. Out of 720 test words, AYS achieved an accuracy of 73.19% with 527 correct results, 

but it produced more errors with 88 cases of over-stemming and 105 cases of under-stemming. In contrast, JW 

reached a higher accuracy of 83.19% with 599 correct results, and fewer errors overall, recording only 47 cases of 

over-stemming and 74 cases of under-stemming. These results, consistent with Figure 3 and Figure 4, confirm that 

JW is more accurate and reliable than AYS in handling Javanese morphology. 

3.5 Discussion 

In previous studies, stemming algorithms have been widely used to process regional languages, including 

Javanese. One of the most commonly applied approaches is a modification of rule-based algorithms tailored to the 

morphological structure and affixation patterns of Javanese, such as adaptations of the Nazief & Adriani algorithm. 

In this study, we applied the Ahmad Yusoff Sembok (AYS) and Jaro-Winkler (JW) algorithms to 720 Javanese 

test words. The results indicate that both algorithms are capable of identifying root words with prefixes, suffixes, 

or combinations of both; however, their performance differs significantly. AYS achieved an accuracy of 73.19%, 

with 88 cases of over-stemming and 105 cases of under-stemming, showing that affix processing is not yet fully 
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optimal and tends to remove parts of words excessively. By contrast, JW achieved a higher accuracy of 83.19%, 

with 47 over-stemming and 74 under-stemming cases, demonstrating a more careful approach that preserves root 

forms. These tendencies are clearly visualized in Figure 5, which compares the number of over-stemming and 

under-stemming cases between the two methods.  

 

Figure 5. Overstemming vs Understemming in Ahmad Y Sembok and Jaro-Winkler Methods 

Figure 5 further illustrates that AYS frequently overstems because its affix removal rules can be too 

aggressive, for example reducing “panganan” to “ngan” or “kancaana” to “nca”. JW, on the other hand, produces 

fewer overstemming cases because it relies on similarity scoring rather than strict rules, though it still generates 

some understemming, such as “tujuwane” becoming “tujuwa”. These patterns confirm the strengths and limitations 

of each approach: AYS tends to over-truncate when suffixes resemble root segments, while JW is more 

conservative but can fail when phonological variation is too large. 

Compared to other rule-based adaptations that also struggled with overstemming in previous studies, these 

findings are quite consistent, while the similarity-based approach tends to offer higher precision. The results of 

this study reinforce the idea that string similarity methods are more robust for agglutinative languages such as 

Javanese, where morphological variation is irregular. In practice, JW is more suitable for applications that require 

high precision and minimal overstemming, such as search engines or digital libraries. Meanwhile, AYS can still 

be valuable in contexts that prioritize broader coverage, albeit with a higher error rate. A promising direction for 

development is the creation of hybrid models that combine linguistic rules with similarity-based mechanisms, 

thereby balancing accuracy and flexibility in Javanese stemming. 

4. CONCLUSION 

Based on the results of stemming research on Javanese using the Ahmad Yusoff Sembok (AYS) and Jaro-Winkler 

(JW) algorithms, several conclusions can be drawn. The AYS algorithm achieved an accuracy of 73.61%, with 95 

cases of over-stemming and 31 cases of under-stemming, while the JW algorithm demonstrated better performance 

with an accuracy of 82.84%, only 7 cases of over-stemming, and 44 cases of under-stemming. Error analysis 

revealed that AYS tends to over-stem due to overly aggressive affix removal, whereas JW is more conservative 

but results in under-stemming because some affixes remain unremoved. Despite these differences, both methods 

showed relatively high effectiveness in handling the morphological structure of the Javanese language. To further 

improve performance, adjustments to affix rules including special handling of morphemes, infixes, confixes, and 

repetitions are needed, along with expansion of the dataset to cover dialectal variations, speech levels, and phrase 

forms. Future development may also consider combining rule-based and similarity-based approaches in a hybrid 

model, integrating machine learning to recognize complex morphological patterns, optimizing the JW similarity 

threshold, and applying the stemming system in real-world NLP tasks such as information retrieval or sentiment 

analysis to enhance its practicality and adaptability. 
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