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INTRODUCTION 

  Along with advances in information technology, the need to process information from 

collections of data has grown rapidly. Information technology facilitates the resolution of 

various complex problems in almost every area of life, including education(Ahmad Fajrul 

Falaah et al., 2022). In the educational context, Islamic boarding schools (pesantren) are a 

form of Islamic education that requires attention, particularly traditional Salaf Islamic 

boarding schools, which have a distinctive learning system and continue to preserve the 

classical Islamic scholarly tradition. According to KH. Imam Zarkasyi, pesantren are 

indigenous Indonesian Islamic educational institutions. Long before formal schools 

developed, pesantren education played an important role in disseminating Islam, providing 

religious education, transmitting knowledge, preserving Islamic traditions, and developing 

Islamic scholars and social activists(Larasati et al., 2022). 

One important characteristic of education in traditional Salaf Islamic boarding schools is the 

study of classical Islamic texts (kitab kuning). Kitab kuning is one of the means through 

which earlier Islamic scholars transmitted knowledge to subsequent generations, while also 

constituting an enduring scholarly contribution (Sukron et al., 2022). The study of kitab 

kuning remains a central component of education in Salaf Islamic boarding schools because 
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The ability to read classical Islamic texts (kitab kuning) is an 

important indicator for assessing students' mastery of Islamic 

sciences in Salafiyah Islamic boarding schools. However, the 

assessment of kitab kuning reading proficiency is often still 

conducted conventionally and tends to be subjective; therefore, 

a data-driven approach is needed to support a more objective 

student-grouping process. This study aims to apply the K-
Means Clustering algorithm to group students based on their 

Nahwu and Sharraf scores as indicators of kitab kuning reading 

proficiency. The research methods included observation, 
interviews, literature review, data transformation, 

normalization using Min-Max Normalization, and clustering 

using Microsoft Excel and RapidMiner. The dataset consisted 
of 376 student records with the attributes of age, education 

level, Nahwu score, and Sharraf score. Manual grouping using 

Microsoft Excel produced three clusters: C1 with 57 students, 

C2 with 244 students, and C3 with 75 students. Meanwhile, the 

RapidMiner results showed C1 with 56 students, C2 with 244 

students, and C3 with 76 students. The results indicate that K-
Means can be used as a basis for grouping students' abilities in 

a more structured manner. 



COREAI Jurnal Kecerdasan Buatan, Komputasi dan Teknologi Informasi (2026) 

DOI: https://doi.org/10.33650/coreai.v6i2 

[101] 

these texts contain various Islamic sciences that form the foundation of students' 

understanding. In practice, however, the assessment of students' ability to read kitab kuning in 

Salaf Islamic boarding schools is still commonly conducted conventionally and subjectively. 

Such assessments generally depend on the examiners' observations and interpretations, which 

may lead to inconsistent evaluation results among examiners(Novianti et al., 2022). 

Al-Is'af Salafiyah Islamic Boarding School is an Islamic educational institution that 

focuses on the development of Salaf-based Islamic sciences. Students' ability to read kitab 

kuning is an important indicator for measuring the extent to which they understand and apply 

Islamic knowledge during the learning process. Based on observations, the assessment of 

kitab kuning reading proficiency at Al-Is'af Salafiyah Islamic Boarding School is still largely 

conducted conventionally and tends to be subjective because it relies on the direct 

observations of teachers or ustaz. This condition may create disparities in the assessment and 

evaluation of students' abilities, particularly when the process is not supported by more 

objective data grouping. One approach that can assist in grouping students according to their 

abilities is data mining using a clustering method. The K-Means algorithm is a widely used 

clustering technique because it has a simple concept and can effectively group large amounts 

of data(Irfansyah & Zaehol Fatah, 2024). Several previous studies have used K-Means to 

address data-grouping problems, such as the study by Firza et al. on academic-major 

specialization among students at Pelita Raya Private School in Jambi City(Maori & Evanita, 

2023). Another study implemented K-Means Clustering to classify PPTQ learning groups as a 

basis for group allocation so that the learning process could be conducted more 

efficiently(Sulistiyawati & Supriyanto, 2021). 

Based on previous studies, the K-Means algorithm can be used as an effective and 

efficient data-grouping method. Therefore, this method is expected to be applicable to 

grouping students at Al-Is'af Salafiyah Islamic Boarding School according to their kitab 

kuning reading scores by using Nahwu and Sharraf scores. Nahwu and Sharraf play important 

roles in the ability to read kitab kuning because they are directly related to understanding 

sentence structure and changes in Arabic word forms. By applying the K-Means method, the 

assessment of students' kitab kuning reading proficiency can be conducted more quickly, 

systematically, and accurately (Yudistira & Andika, 2023). Based on these problems, this 

study examines the application of the K-Means algorithm to group students according to their 

kitab kuning reading proficiency using Nahwu and Sharraf scores. The study is expected to 

provide an alternative solution that helps Islamic boarding schools group students' abilities 

more objectively. The clustering results can serve as a consideration for teachers or ustaz 

when determining learning strategies, class placement, and guidance appropriate to each 

student's level of ability. 
 

METHOD 

  Data were collected through observation, interviews, and a literature review of 

journals, books, and other references relevant to this study(Butsianto & Mayangwulan, 2020). 

Observation was conducted by examining the process used to assess kitab kuning reading 

proficiency at Al-Is'af Salafiyah Islamic Boarding School. The observations showed that the 

assessment process was still generally conducted conventionally, creating the possibility of 

imbalances when grouping students with high, moderate, or low levels of ability. 

  Interviews were conducted with individuals familiar with the teaching and assessment 

of kitab kuning reading, including ustaz, ustazah, and the leaders of the Islamic boarding 

school. An interview is a data-collection stage involving a question-and-answer process 

between researchers and informants who understand information related to the research object 

(Dacwanda & Nataliani, 2021). The interview results were used to strengthen the 

observational data and confirm that problems in assessing kitab kuning reading proficiency 

actually occurred in the field. In addition, a literature review was conducted to reinforce the 

theoretical foundation concerning data mining, clustering, the K-Means algorithm, and 
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relevant previous studies (Syukron et al., 2022). 

  The data used in this study consisted of student data from Al-Is'af Salafiyah Islamic 

Boarding School. The attributes used in the clustering process included age, education level, 

Nahwu score, and Sharraf score. Age was used as numerical data, while education level, 

Nahwu score, and Sharraf score were first transformed into numerical form so that they could 

be processed using the K-Means algorithm. These attributes were selected because they are 

related to students' ability to read kitab kuning. The education attribute consisted of several 

levels, namely Adna, Imrithi, and Alfiyah. The Nahwu score described a student's ability to 

understand the grammatical position of words and Arabic sentence structure, whereas the 

Sharraf score described the student's ability to understand changes in word forms. Both 

attributes are important indicators for determining students' kitab kuning reading proficiency. 

  Research Data and Attributes 

  Before the data were processed using the K-Means algorithm, a data-transformation 

stage was performed. Data transformation is the process of converting non-numerical data 

into numerical data so that they can be processed by a clustering algorithm(Saputra, 2021). In 

this study, the education level, Nahwu score, and Sharraf score attributes were transformed 

into numerical values. This process was necessary because the K-Means algorithm operates 

by calculating distances between data points; therefore, all attributes used must be numerical. 

Following the transformation process, the next stage was data normalization. Normalization 

was performed to equalize the scale of each attribute so that no particular attribute would 

dominate the distance-calculation process(Al-Fahmi et al., 2023). This study used the Min-

Max Normalization method. This method transforms attribute values into a specified range so 

that each attribute has a comparable scale. Normalization is important because the K-Means 

algorithm relies heavily on distance calculations between data points(Najib & Rasiban, 2023). 

  Data Processing Using K-Means Clustering 

  The data that had undergone transformation and normalization were then processed 

using the K-Means Clustering algorithm. Data processing was conducted using Microsoft 

Excel 2010 and RapidMiner. Microsoft Excel was used to support manual calculations, while 

RapidMiner was used to test the clustering results automatically(Santoso, 2021). The manual 

results were compared with the RapidMiner results to determine the consistency of the 

grouping outcomes. The K-Means algorithm works by determining the number of clusters, 

selecting initial centroids, calculating the distance of each data point from each centroid, 

assigning each data point to the nearest cluster, and then updating the centroid values. This 

process is repeated until the centroid positions become stable or no longer undergo significant 

changes. Data with similar characteristics are placed in the same cluster, whereas data with 

different characteristics are placed in different clusters. In this study, the clustering process 

was designed to form three student-ability groups: adequate, good, and very good. The groups 

were formed based on similarities in Nahwu and Sharraf scores and were supported by the 

attributes of age and education level(Setiadi & Sikumbang, 2020). Thus, the clustering results 

can serve as a basis for helping the Islamic boarding school determine kitab kuning learning 

strategies that correspond to students' levels of ability. 

  Research Stages 

  The research stages began with the collection of student scores, including Nahwu and 

Sharraf scores as the primary indicators of kitab kuning reading proficiency. The data were 

obtained through observations and interviews at Al-Is'af Salafiyah Islamic Boarding School. 

The next stage involved data preprocessing, namely selecting relevant data, converting 

categorical data into numerical values, and normalizing the data so that they were ready for 

the clustering process. 

Once the data were ready, they were processed using the K-Means Clustering algorithm. At 

this stage, the number of clusters was determined, initial centroids were selected, and the 

distances between the data points and the centroids were calculated using Euclidean 

Distance(Suliman, 2021). Each data point was then assigned according to the shortest 
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distance. The centroids were subsequently updated by calculating the mean of the members in 

each cluster. Iterations were performed until the grouping results became stable. 

The final stage was the analysis of the grouping results. The clustering results were analyzed 

to identify the characteristics of each student group. This analysis aimed to ensure that the 

grouping results corresponded to actual conditions in the field. The final grouping results 

were then used as a basis for providing recommendations for more effective kitab kuning 

instruction suited to the ability level of each student(Handayani, 2022). 

  Data Analysis Technique 

  The data were analyzed using a quantitative descriptive technique. The clustering 

results were analyzed based on the number of members in each cluster and the characteristics 

of students' abilities in each group. The manual calculations performed using Microsoft Excel 

were compared with the processing results from RapidMiner to assess the consistency of the 

grouping results. Each cluster was then interpreted according to students' levels of proficiency 

in Nahwu and Sharraf. The analysis results were used to describe groups of students requiring 

more intensive guidance, groups with moderate ability, and groups with high ability. Thus, the 

study not only demonstrates the application of the K-Means algorithm but also provides 

practical benefits for the Islamic boarding school in developing more appropriately targeted 

kitab kuning learning strategies. 

 

RESULTS AND ANALYSIS 

  The data-processing procedure in this study consisted of several stages: data selection, 

data transformation, data normalization, manual application of the K-Means algorithm using 

Microsoft Excel 2010, and testing of the clustering results using RapidMiner. These stages 

were performed to ensure that the data met the requirements of the K-Means algorithm. This 

is important because K-Means operates based on distance calculations between data points; 

therefore, the data must be numerical and measured on comparable scales. 

The data used in this study consisted of student data from Al-Is'af Salafiyah Islamic 

Boarding School. The initial dataset included several attributes: student name, age, education 

level, Nahwu score, and Sharraf score. The attributes used in the clustering process were age, 

education level, Nahwu score, and Sharraf score. The name attribute was not included in the 

calculations because it served only as the student's identity. During the data-selection stage, 

irrelevant data were excluded from the processing procedure so that the clustering results 

would focus more specifically on students' ability to read kitab kuning. 

The next stage was data transformation. Transformation was required because several 

attributes were still categorical or textual, including education level, Nahwu score, and 

Sharraf score. To allow processing using the K-Means algorithm, these categorical data were 

converted into numerical values. The education attribute was transformed according to the 

Adna, Imrithi, and Alfiyah levels. The Nahwu and Sharraf scores were also converted into 

numerical values corresponding to students' proficiency levels. This transformation enabled 

all attributes to be calculated using the Euclidean Distance formula. Following the 

transformation process, the data were normalized using the Min-Max Normalization method. 

Normalization was performed so that each attribute would have a balanced value scale. 

Without normalization, attributes with larger values could dominate the distance-calculation 

process. In this study, the age, education level, Nahwu score, and Sharraf score attributes were 

normalized so that all data fell within a more uniform range. Consequently, the clustering 

process could produce more proportional groupings. 

The application of the K-Means algorithm began by determining the number of 

clusters. This study used three clusters as the basis for grouping students according to their 

abilities. The clusters were used to represent groups of kitab kuning reading proficiency based 

on similarities in Nahwu and Sharraf scores. After the number of clusters had been 

determined, the initial centroids were selected. The initial centroids were chosen from the 

normalized data, after which the distance of each data point from each centroid was calculated 
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using Euclidean Distance. The calculation process was repeated through several iterations. In 

each iteration, the data were assigned to the cluster whose centroid was nearest. After all data 

had been assigned to their respective clusters, new centroids were calculated based on the 

mean of the members in each cluster. This process continued until there were no significant 

changes in cluster membership. In this study, the iteration process reached a stable condition 

in the sixth iteration. This indicates that the data grouping had converged and no further 

iterations were required. The final results of the manual calculations using Microsoft Excel 

showed that the student data were divided into three clusters. Cluster C0 contained 57 

students, cluster C1 contained 244 students, and cluster C2 contained 75 students. These 

results indicate that most students belonged to cluster C1. The final manual grouping results 

are presented in Table 1. 
Table 1. Manual Clustering Results Using Microsoft Excel 

Cluster 
Number of 

Students 
Percentage 

C0 57 15,16% 

C1 244 64,89% 

C2 75 19,95% 

Total 376 100% 

Based on Table 1, cluster C1 had the largest number of members, comprising 244 students or 

64.89% of the entire dataset. Cluster C0 contained 57 students or 15.16%, while cluster C2 

contained 75 students or 19.95%. The differences in the number of members in each cluster 

indicate that students' abilities were not evenly distributed. Most students had score 

characteristics that tended to place them in cluster C1, whereas the remaining students were 

assigned to clusters C0 and C2. After the manual calculations were completed, testing was 

also conducted using RapidMiner. RapidMiner was used as a tool to compare the manual 

clustering results with the automated clustering results. In RapidMiner, the prepared data were 

imported through the Read Excel operator and then processed using the K-Means and 

Performance operators. After the process was executed, RapidMiner produced three clusters 

with membership totals that differed slightly from the manual calculations. 
Figure. 1.  K-Means Operator Arrangement in RapidMiner 

 

  The processing results obtained using RapidMiner showed that cluster C0 contained 

56 students, cluster C1 contained 244 students, and cluster C2 contained 76 students. These 

results indicate a slight difference between the manual calculations using Microsoft Excel and 

the automated calculations using RapidMiner. The differences occurred primarily in clusters 
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C0 and C2, whereas the number of members in cluster C1 remained the same at 244 students. 

Figure 2. Cluster Model Results in RapidMiner 

 

A comparison of the manual calculation results and the RapidMiner results is presented in Table 2. 

 

Table 2. Comparison of Manual and RapidMiner Clustering Results 

Cluster Microsoft Excel RapidMiner Difference 

C0 57 56 1 

C1 244 244 0 

C2 75 76 1 

Total 376 376 - 

 

Based on Table 2, the manual clustering and RapidMiner results differed only slightly. 

The differences occurred only in C0 and C2, with one data record in each case. Meanwhile, 

C1 had the same number of members in both methods, namely 244 students. This indicates 

that the manual grouping results obtained using Microsoft Excel were relatively consistent 

with the testing results obtained using RapidMiner. Therefore, the application of the K-Means 

algorithm in this study can be considered sufficiently stable for forming groups of students 

according to their abilities. 

 

 
Figure 3. Detailed Data Grouping Results in RapidMiner 
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RapidMiner also displayed the Average Centroid Distance result. This information can 

be used to observe the average distance of the data points from the formed centroids. The 

better the cluster formation, the more closely the data within a cluster will resemble the 

characteristics of their respective centroid. This result further supports the use of the K-Means 

algorithm to group student data based on similarities among score attributes. 
 

 
Figure 4. Average Centroid Distance Results in RapidMiner 

 

These grouping results can be interpreted as a basis for understanding students' levels 

of proficiency in reading kitab kuning. The resulting clusters show differences in students' 

ability characteristics based on their Nahwu and Sharraf scores. Students in the lower-ability 

group can be provided with additional guidance or instruction, whereas students with better 

abilities can be directed toward advanced material. Thus, the clustering results not only 

provide numerical outputs but can also be used as a consideration in developing kitab kuning 

learning strategies at the Islamic boarding school. In general, the application of the K-Means 

algorithm in this study demonstrates that student-score data can be grouped more 

systematically. Whereas the assessment of kitab kuning reading proficiency previously 

depended largely on the subjective observations of examiners, the clustering approach can 

serve as a supporting tool for presenting a more objective overview of students' abilities. The 

clustering results can assist ustaz or Islamic boarding school administrators in dividing 

learning groups, developing guidance programs, and evaluating students' abilities based on 

the available data. 

Based on the manual and RapidMiner results, it can be concluded that the K-Means 

algorithm was able to group the students into three clusters. The difference between the 

manual calculations and the RapidMiner results was very small, involving only one data 

record in C0 and one data record in C2. Therefore, these grouping results can be used as a 

reference to assist Al-Is'af Salafiyah Islamic Boarding School in mapping students' kitab 

kuning reading proficiency based on Nahwu and Sharraf scores. 
  

CONCLUSIONS  

  Based on the research results, the K-Means Clustering algorithm can be applied to 

group students according to their kitab kuning reading proficiency using the Nahwu and 

Sharraf score attributes. The grouping process was conducted through several stages: data 

selection, data transformation, data normalization, distance calculation from the centroids, 

centroid updating, and interpretation of the cluster results. The manual calculations using 

Microsoft Excel showed that the student data were divided into three clusters: C1 with 57 
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students, C2 with 244 students, and C3 with 75 students. Meanwhile, processing using 

RapidMiner produced C1 with 56 students, C2 with 244 students, and C3 with 76 students. 

The difference between the Microsoft Excel and RapidMiner results was relatively small, 

involving only one data record in C1 and C3, while C2 had the same number of members. 

Thus, the K-Means algorithm can be used as an alternative method to help Islamic boarding 

schools group students' abilities more objectively, systematically, and on the basis of data. 

The clustering results can be used by Al-Is'af Salafiyah Islamic Boarding School as a 

consideration when determining kitab kuning learning strategies. Cluster C1 can be 

interpreted as a group of students with adequate ability who therefore require more intensive 

guidance, cluster C2 as a group with good ability, and cluster C3 as a group with very good 

ability. This grouping can assist ustaz or Islamic boarding school administrators in designing 

instruction that is more appropriate to students' levels of ability. Future studies are advised to 

include additional variables, such as memorization scores, learning participation, length of 

study at the Islamic boarding school, or kitab examination results, so that the grouping results 

become more accurate. In addition, future research could compare K-Means with other 

clustering methods and develop a web-based or mobile application so that student grouping 

can be performed automatically and more practically. 
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