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Abstract

Ecotheology is an integration of religious values towards awareness of environmental preservation. Indonesia’s Ministry of Religious
Affairs has identified ecotheology as a strategic program, including Islamic school students. Therefore, this study aims to reveal the
understanding, implementation, challenges, and opportunities of ecotheology in Islamic schools. This research applies data science
and machine learning algorithms to analyze a large student dataset, 22,933 data from 32 provinces, with a 41-question validated
questionnaire (Cronbach’s Alpha = 0.765, Kappa = 0.791). This research uses K-Means and PCA for clustering to group students
by ecotheology awareness and implementation, Association Rules with Apriori algorithm to identify knowledge sources, obstacles,
and program linkages, classification using ensemble learning with CatBoost as the best model with 98.71% accuracy, and sentiment
analysis using RoBERTa-based Indonesian model on open responses. The research found that students’ understanding of
ecotheology is high, with most learning from teachers and others gaining knowledge from social media and books, while
implementation remains moderate due to limited programs, policies, and subject integration. Clustering analysis identified three
groups, including Cluster 0 with low awareness and impact, Cluster 1 with high scores in all categories, and Cluster 2 with moderate
levels. The classification result can detect the level of students’ implementation of ecotheology with four classes: low, moderate,
high, and very high. Last, sentiment analysis revealed neutral tones in suggestions but mostly positive expectations, with students
desiring more practical, Quran-linked, and community-based activities.
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1. Introduction

Environmental preservation is one of the world's focuses to maintain the sustainability of a healthy and habitable
environment for living things. The issue of environmental preservation is part of the Sustainable Development Goals
(SDG) agenda number 7 (affordable and clean energy), 13 (climate action), 14 (life below water), 15 (life on land), and
has an impact on SDG 3, namely good health and well-being (United Nations, 2026). Because a healthy environment
will have an impact on a healthy and prosperous life. The balance of the environmental ecosystem needs to be
maintained with human awareness of the importance of preserving the environment. All religions clearly command not
to cause damage to the earth, more broadly to make the earth peaceful, including the environment of living creatures
living in it. One form of environmental preservation is stated in the strategic program of the Ministry of Religion of the
Republic of Indonesia for 2025-2029, namely ecotheology.

Ecotheology is an interdisciplinary field that integrates theological perspectives with ecological issues, emphasizing
the relationship between faith and environmental stewardship (Andira et al., 2024; Dalihade, 2021; Worotikan et al.,
2024). Ecotheology is a diverse field that encompasses various religious and cultural perspectives, each contributing
to a more comprehensive understanding of the relationship between faith and the environment (Barnhill & Gottlieb,
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2010; Gottlieb, 2003, 2006; Northcott, 2020). Ecotheology aims to address the ecological crisis we face by utilizing
religious teachings and practices to promote sustainability and stewardship of nature (Hove, 2024; Kgatle &
Chigorimbo, 2024). Diverse religious perspectives contribute unique insights to ecotheology. For example, Islamic
ecotheology emphasizes principles such as stewardship and justice in environmental management (Ach. Syaiful Islam
et al., 2024). Postcolonial approaches in ecotheology highlight the importance of local wisdom and cultural context,
especially in regions such as Indonesia (Aruan, 2024). Practical applications of ecotheology encourage practical actions,
such as environmental education, community engagement, and sustainable practices within religious communities
(Ach. Syaiful Islam et al., 2024).

Environmental education is an essential part of the educational curriculum from elementary school to higher education,
including Islamic schools. Islamic schools are educational institutions under the auspices of the Ministry of Religious
Affairs, each with its own unique curriculum. Indonesia has 10,491,243 Islamic school students from all levels and
classes (Raudhatul Athfal (RA)/ Kindergarten, Madrasah Ibtidaiyah (MI)/ Elementary School, Madrasah Tsanawiyah
(MTs)/ Junior High School, and Madrasah Aliyah (MA)/Senior High School) spread across 87,576 institutions in the
even semester of 2024/2025. (Direktorat Jendral Pendidikan Islam Kementerian Agama RI, 2025). Incorporating
environmental education into Islamic school subjects is one step in supporting environmental conservation. As
educational institutions with a distinctive Islamic religious content, Islamic schools are educational institutions that can
put ecotheological concepts into practice.

Ecotheology in Islamic schools refers to efforts to integrate religious values with environmental awareness and
preservation in Islamic education (Januardi, 2025). The role of teachers, particularly Islamic Religious Education (IRE)
teachers, is crucial. They act as educators by teaching ecotheology through classroom learning, encompassing theory,
values, and their application. IRE teachers also act as facilitators, emphasizing the importance of environmental
awareness through conservation activities based on Islamic law. Furthermore, IRE teachers motivate and serve as role
models for students to develop environmentally conscious behavior, in accordance with religious teachings, starting in
the classroom and Islamic school.

The Minister of Religion asked to include ecotheology and nature conservation in the religious and religious education
curriculum (Januardi, 2025). The concept of ecotheology is a new approach to integrating environmental awareness
into religious education. It is hoped that ecotheology will become a holistic approach at all levels of education,
especially religious education (Laksono, 2022). The implementation of an ecotheology-based curriculum in Islamic
schools and religious colleges is expected to foster a generation that is environmentally responsible. Therefore, this
research is crucial to determine the extent to which Islamic school students understand the concept of ecotheology and
its implementation.

Ecotheology has become a unique concept for religious schools that integrate ecology and theology, where religious
values are part of the understanding and implementation of environmental conservation. Research related to
ecotheology has developed globally, including in Indonesia. The concept of ecotheology in Islamic school education
emphasizes the integration of environmental awareness into Islamic teachings. This approach seeks to foster a sense of
ecological responsibility among students through various educational strategies and leadership roles within the Islamic
school system. For example, the integration of environmental values into education is based on ecotheology, which
combines religion and promotes environmental management (Laksono, 2022).

The Islamic ecotheology movement is also growing rapidly in Indonesia, which is exposing the ecotheological crisis in
Indonesia. (Asmanto et al., 2016; Mardhiah et al., 2014; Romdloni & Sukron Djazilan, 2019; Saputro & Gunadi, 2021;
Widiarto & Wilaela, 2022). The ecological crisis in Indonesia is one of the factors driving the importance of the concept
of ecotheology in Indonesia. Therefore, ecotheological spirituality needs to be developed to increase environmental
understanding and preservation. Through Islamic schools, the concept of ecotheology can be introduced and instilled.
Islamic school curricula can include ecological spirituality, with a focus on the environment from an Islamic perspective
(Solichin, 2017). Likewise, effective learning models include contextual, thematic, and inquiry-based learning, which
encourage active engagement with ecological issues.

Ecotheology requires sound and consistent leadership and management. The role of the Islamic school Principal is
crucial, promoting effective leadership to implement ecotheological principles, enhance teacher professionalism, and
foster a conducive learning environment. While focusing on ecotheology in Islamic school education is promising,
challenges such as limited resources and resistance to change can hinder its full implementation. Addressing these
issues is crucial for the sustainability of ecotheological practices in Islamic education. Therefore, an understanding of
ecotheology as a foundation for Islamic school students needs to be developed. Furthermore, ecotheological concepts
need to be implemented within the Islamic school environment, both through learning and other academic activities.
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This implementation needs to be consistently evaluated and examined for factors, impacts, challenges, and opportunities
for sustainable ecotheology.

Therefore, by leveraging the rapid development of data science and machine learning technologies (B R et al., 2024;
Munde, 2024; Rezaei & Jabbari, 2022; Shahapur et al., 2022; Shook, 2023; Yan, 2022), this study aims to explore the
extent to which Islamic school students understand the concept of ecology from an Islamic perspective and the extent
to which ecotheology is implemented in the Islamic school curriculum and learning. Furthermore, this study identifies
the challenges and opportunities that arise during the implementation of ecotheology in Islamic schools, and analyzes
the educational impact of applying ecotheology on Islamic school students' environmental awareness and behavior.

2. Research Methodology
2.1. Research Activities

This research adapts data science development methodologies and machine learning processes as a framework for
research activities. The adapted data science methodology is the Cross-Industry Standard Process for Data Mining
(CRISP-DM), depicted in Figure 1. CRISP-DM is a widely adopted framework that guides the data mining process
through a structured methodology. Activities in CRISP-DM include (Doede et al., 2024; Elkabalawy et al., 2024; Gill
et al., 2024; Saputra et al., 2024):

- Business Understanding involves identifying and defining business objectives. This activity involves conducting a
literature review and understanding the context of ecotheology and its implementation in education.

- Data Understanding involves collecting and exploring data relevant to the needs of solving problems. This activity
prepares a questionnaire design, measures the validity and reliability of the questionnaire, and then collects the
questionnaire data.

- Data Preparation prepares the dataset for the modeling process, which involves cleaning, completing, integrating,
and transforming the data.

- Modeling involves building a solution model for the business problem being solved. This activity is adapted to
apply various machine learning algorithms to perform in-depth data analysis.

- Evaluation, which assesses the model's performance against business objectives, ensuring it meets required
standards. Evaluation is part of the model development process.

- Deployment involves implementing the model in the real world by facilitating continuous monitoring and
adjustments. This research disseminates the model using Gradio.

2.2. Data Collection and Pre-processing

The population data of Islamic school institutions and students in this study refers to EMIS, which is an educational
data gateway application at the Directorate General of Islamic Education, Ministry of Religion of the Republic of
Indonesia (Direktorat Jendral Pendidikan Islam Kementerian Agama RI, 2025). The target respondents for this study
were students in grades 5 and 6 of Islamic elementary schools (MI), grades 8 and 9 of Islamic junior high schools
(MTs), and grades 10, 11, and 12 of Islamic senior high schools (MA). Table 1 shows the distribution of the population
that was the target of the research and the number of respondents who were successfully collected.

Table 1. Population Distribution Data and Research Respondents

Level (Class) Number of Students Number of Students as Respondents
MI (5) 690,110 1,900

MI (6) 679,448 1,292

MTs (7) 1,090,621 5,059

MTs (8) 1,088,260 5,549

MTs (9) 1,085,130 3,043

MA (10) 549,659 2,541

MA (11) 538,631 2,047

MA (12) 534,286 1,512

Total 6,256,145 22,933

Students who participated as respondents filled out a questionnaire consisting of 41 questions spread across 7 categories,
including: (1) Respondent Identity and Demographics (A); (2) Level of Understanding of Ecotheology (B); (3)
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Implementation of Ecotheology in Learning in Islamic school (C); (4) The Role of Teachers in Instilling Ecotheological
Awareness (D); (5) Challenges and Opportunities for Implementing Ecotheology in Islamic school (only for MTs and
MA) (E); (6) Impact of Ecotheology-Based Education on Student Awareness (F); and (7) Suggestions and Expectations
(only for MTs and MA (G). The questionnaire format consists of options in the form of a Likert scale, free choice, and
open questions. The details of the questions are available in the Appendix. The questionnaire has been tested for validity
and reliability using Cronbach’s Alpha (Bland & Altman, 1997; Edelsbrunner et al., 2025; Forero, 2023) and Kappa
Statistics (M. Li et al., 2023) with results of 0.765 and 0.791, respectively. These results indicate that the questionnaire
has good and substantial reliability. Next, the data cleaning and transformation process is carried out according to
modeling needs, such as handling missing values, changing data types, tokenization, and changing text values to
numeric as needed.

2.3. K-Means and Principal Component Analysis (PCA) Algorithm

K-Means is one of the widely used clustering algorithms that finds the minimum distance value in the same cluster (A.
Hartigan & Wong, 1979; J. A. Hartigan & Wong, 2006; Slamet et al., 2016). K-Means is a simple, fast algorithm that
produces optimal clusters. The K-Means algorithm is as follows:

e Determine the number of clusters to be formed
 Initialize the centroid value for each cluster (¢ u; ..., ux € R) randomly.
o Repeat the calculations in formulas (1) and (2) until convergence:
For each i, calculate:
c® := arg min;|[x® — u]-”z (1)
For each j, calculate:
Hj = Tm 1c0=j) @

Meanwhile, the Principal Component Analysis (PCA) algorithm is used to analyze data with multiple variables, which
applies the data projection method (Ben Salem & Ben Abdelaziz, 2021; Cameron & Bizo, 2019; Shlens, 2014). The
principal components in PCA can be arranged using several criteria, such as an a priori criterion when the number of
components to be arranged in the analyzed data is known, an eigenvalue criterion that forms the principal components
by eliminating components with values less than one, and a variance percentage criterion determined by looking at the
cumulative percentage, with the component with the greater variance percentage being taken as the principal
component.

PCA has five main stages: standardization, calculating the covariance matrix, calculating the eigenvalues and
eigenvectors of the covariance matrix, followed by the feature vector, and finally, the analysis of changes along the
principal component axes. In this study, PCA was used to reduce the dimensionality of the data. Dimensionality
reduction performed in PCA does not eliminate important information from the data. In this study, the PCA algorithm
was used to reduce dimensionality after labeling the data using the K-Means algorithm.

2.4. An Apriori and Association Rules Algorithm

Association rule mining is an important data mining approach that detects associative patterns between objects in a
transactional dataset (Agrawal et al., 1996; Fauzi et al., 2025). This technique develops implication-based rules that
express links between frequently occurring objects or occurrences. Initially used in the retail industry, notably in market
basket research to identify commodities frequently purchased together, it has now spread to a variety of analytical
sectors as technology has advanced. Association rule mining aids in the construction of management information
systems by helping to establish marketing strategies, manage inventories, and enable data-driven decisions. Product
association patterns, for example, might help managers create promotional bundles and place goods strategically in
retail displays.

Apriori is a basic association rules algorithms that produce frequent itemsets from large data transactions. Apriori
produces the frequent individual items and frequent itemsets as candidate features. The frequent itemsets can be used
to determine association rules. There are several terms in the Apriori algorithm (Agrawal, 1995), including Itemset,
which is a set of items that are not empty, for example, itemset denoted by i, where i = (i, ij+1, ij+ 2, ..., in) and ij are
items. A itemsets A = {ai, ay, a3, ... a,} is said to be sub itemsets of itemsets B = {bi, by, bs, ..., bn} and B is super itemset
of A, if integers 1; <i» <i3 <... < i, and a; € bij, a, € bip, a3 € bis, ..., an € bin. There are several metrics of Apriori,
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including Support (Equation (3)) to measure how frequently an item appears in the dataset relative to the total number
of transactions; Confidence (equation (4)) to assess the likelihood that an item Y is purchased when item X is purchased;
and Lift (equation 5)) to evaluate how much more likely two items are to be appeared together compared to being
purchased independently.

Transaction containing A

Support (A) - Total Transactions (3)
Confidence (A = B) = EEER ()
Lift (A= B) = Confidence (A=B) 5)

Support (B)
2.5. Ensemble Learning Algorithms

This research uses several classification algorithms that adapt ensemble learning in the model-building process,
including: Random Forest Classifier, CatBoost Classifier, Light Gradient Boosting Machine (LightGBM), Extreme
Gradient Boosting (XGBoost), Gradient Boosting Classifier, and AdaBoost Classifier. Random Forest algorithm is a
development of the decision tree that aggregates several classifications from trees (Charim et al., 2019; H. Lan & Pan,
2019). There are three important aspects to the Random Forest algorithm (H. Lan & Pan, 2019): (1) perform bootstrap
sampling to build prediction trees; (2) each decision tree predicts with a random predictor; (3) then the random forest
makes predictions by combining the results of each decision tree using majority voting for classification or regression.

Random forests have also evolved into various boosting algorithm variants. CatBoost (Categorical Boosting) Classifier
is a classification algorithm that is part of the Gradient Boosted Decision Tree using ensembling techniques (Hancock
& Khoshgoftaar, 2020). CatBoost modifies gradient computation to avoid prediction drift to improve model accuracy
(Bentéjac et al., 2021). CatBoost implements an ordered boosting, a permutation-driven alternative to classical
algorithms, and an innovative algorithm for processing categorical features (Prokhorenkova et al., 2018). CatBoost has
been proven has perform well in several studies (Ibrahim et al., 2020; Y. Zhang et al., 2020)

Next, Light Gradient Boosting Machine (LightGBM) is a decision tree-based machine learning algorithm to improve
model efficiency and reduce memory usage (Alzamzami et al., 2020; Candido et al., 2021). This study also uses
Extreme Gradient Boosting (XGBoost) is an implementation of Gradient Boosted decision trees, and focuses laser on
computational speed and model performance (Mateo et al., 2021; W. Zhang et al., 2021). The main model features of
XGBoost include gradient boosting, stochastic gradient boosting, and regularized gradient boosting. Finally, the
Adaptive Boosting (AdaBoost) algorithm is a technique in Machine Learning used as an ensemble method (Saini,
2021)(Sayeed, 2020) that creates a sequence of adaptive, simple weighted decision trees.

2.6. Sentiment Analysis using Bidirectional Encoder Representations from Transformers (BERT)

Sentiment analysis is a part of NLP that involves the automatic identification and categorization of opinions expressed
in textual data (S. Chen, 2025; Ghatora et al., 2024; S. Li et al., 2015; Ngalawa & Mponela, 2024). Sentiment analysis
is popular used in many fields, such as business, politics, and social media. This research uses transformers as a neural
network-based method that uses an encoder-decoder structure connected to an attention layer (Vaswani et al., 2017).
The Transformers method continues to evolve from the original Transformers (Vaswani et al., 2017), Bidirectional
Encoder Representations from Transformers (BERT) (Devlin et al., 2018), Text-to-Text Transfer Transformer
(T5)(Raffel et al., 2020; Yenduri et al., 2023), Generative Pre-trained Transformer (GPT)-1 (Yenduri et al., 2023),
GPT-2, GPT-3 (Thoppilan et al., 2022) , Robustly Optimized Pretraining Approach (RoBERTa) (Liu et al., 2019),
Language Models for Dialog Applications (LaMDA) (Thoppilan et al., 2022), and Transformer XL (Dai et al., 2019).

BERT is a transformer model that uses pre-trained language representation methods for various NLP tasks (Devlin et
al., 2018). BERT trains a language understanding model using a large text corpus (such as Wikipedia), and then applies
that model to NLP tasks. BERT has two stages: pre-training and fine-tuning. Over time, BERT has developed into
various variants, including DistilBERT (Sanh et al., 2019), Robustly Optimized Pretraining Approach (RoBERTa) (Liu
etal.,2019), ALBERT (Z. Lan et al., 2019), and others. This study uses the w1 1wo/indonesian-roberta-base-sentiment-
classifier model for sentiment analysis of questionnaire results with open-ended questions.
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3. Result
3.1. Exploratory Data Analysis Result

Based on the descriptive statistical results of the 22,933 data collected, there were no missing data. However, there
were fewer than 5% of inconsistent data values, which were replaced with average values. As shown in Figures 1 and
2, the data obtained consisted of 3,204 MI students, 6,062 MTs students, and 13,667 MA students. The distribution of
students per class is according to Table 1, there are numbers that are not in line with the total level of Islamic Schools
because there are students who do not fill the class. Respondents came from 32 different provinces in Indonesia, with
the most respondents coming from Central Java Province.

Distribution of Respondent School Level é@ﬂékﬂfﬁm‘” 122?2
JAWA TIMUR 2498
Mi SUMATERA UTARA 1549
SUMATERA BARAT 1053
SULAWESI UTARA 631
MA LAMPUNG 485
KALIMANTAN TIMUR 442
14.0% KALIMANTAN BARAT 432
DAERAH ISTIMEWA YOGYAKARTA 398
26.4% DKI JAKARTA 371
JAWA BARAT 293
KALIMANTAN SELATAN 274
NUSA TENGGARA BARAT 241
KEPULAUAN BANGKA BELITUNG 197
RIAU 180
ACEH 175
JAMBI 54
SULAWESI TENGGARA 31
BANTEN 29
MALUKU 23
SUMATERA SELATAN 20
Sl GORONTALO 16
PAPUA BARAT 13
NUSA TENGGARA TIMUR 5
KEPULAUAN RIAU 5
SULAWESI TENGAH 4
MTs MALUKU UTARA 3
CENTRAL JAVA 3
MTs: 13667 BALI 2
MA: 6062 PAPLUA 2
, SULAWESI SELATAN 2
MI: 3204 KALIMANTAN TENGAH 1
Fig. 1 Level of Islamic Schools Fig. 2 Distribution of Province

Spider Web Plot for Section B Questions Spider Web Plot for Section C Questions Spider Web Plot for Section D Questions Spider Web Plot for Section F Questions

]

— Average score

Fig. 3 Mean of Each Question Category

Question categories B, C, D, and F contain questions answered on a Likert scale ranging from 1 to 4, with 4 being the
highest or best score. Figure 3 shows the average score for each question, showing the measurement results for each
question category. Based on the average value, categories B, D, and F have good values for each question item, with
all values above 3, while in category C, most of the questions have values below 3. Simply put, students have sufficient
understanding and knowledge regarding what ecotheology is and its importance. According to students, the teacher's
role is good in conveying information and reminding the importance of protecting the environment according to
religious teachings in learning. This also has an impact on student awareness of the importance of environmental
conservation through ecotheology education. However, the implementation of ecotheology still needs to be improved.
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3.2. Clustering Result

The clustering model using K-Means and PCA produced 3 optimal clusters based on the Elbow (Hamka & Ramdhoni,
2022; Permadi et al., 2023; Sammouda & El-Zaart, 2021) and Silhouette (Aranganayagi & Thangavel, 2008) results in
Figure 4. PCA optimizes in producing the 3 optimal clusters by simplifying and structuring the data so that K-Means
can form clearer, more meaningful groups. PCA reduces the dimensionality of the dataset. In this research, there are
many variables that are correlated based on 41 questions with 7 categories that can produce unstable or overlapping
clusters. Therefore, PCA transforms these correlated variables into a smaller number of uncorrelated components
(principal components) that retain most of the variance (information) in the data.

The sentiment in G1 contains the majority of responses, which were neutral (57.71% or 11,385 respondents), with
positive at 32.22% (6,356 respondents), and negative at 10.08% (1,988 respondents), whereas in G2, positive sentiment
becomes the majority (55.68% or 10,986 respondents) while neutral responses fall to 37.03% (10,986 respondents
7,306) and negative responses decline to 7.28% (1,437 respondents). Cluster 0 (a group of students who have low
knowledge, implementation, teacher role, and perceived ecotheological impact) has 5,672 responses and shows the
clear transition pattern from neutral-dominant G1 to positive-dominant G2 in the earlier summary. Cluster 1 (Cluster 1
a group of students with the highest ecotheological value) shows a clear shift from largely neutral responses in G1,
51.53% neutral, and in G2 positive responses is 46.95%. While Cluster 2 (a group of students with good or moderate
ecotheological value follows the same pattern as Cluster 1, most of G1 is neutral (47.31% neutral), and G2 is positive,
48.76%.

Elbow Method Silhouette Score ™

BZODODDOD
BOODDD -5 1:]

80000 0.16

TEO000
2 o4
]

nertia

740000

PCA Component 2

TJ20000 orz o

00000 010

EBOOOO -5

r T T v T v T ns T v
2 3 4 5 [ 7 B a 2 3 4 5 & 7 B 9
Kumber of Clusters (k) Number of Clusters (k] -20 15 -10 -5 o s

Fig. 4 Elbow, Silhouette, and Cluster Result

w0 Average Section Scores per Cluster

Section
B Knowledge_fvg
m Implementation_Avg
354 EEE Teacherfole_fvg
BN Impact_Avg

a0

2.5

Average Score (1-4)

2.0

0 1 2
Cluster

Knowledge_Avg Implementation_Avg TeacherRole_Avg Impact_Avg

cluster

2] 2.959763 2.376808 2.994121 3.017581
1 3.580111 3.166269 3.850772 3.867862
2 3.251007 2.615794 3.398896 3.460632

Fig. 5 Characteristics of Each Cluster
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The cluster results in Figure 5 show different cluster characteristics. Cluster 0 is a group of students who have low
knowledge (B), implementation (C), teacher role (D), and perceived ecotheological impact (F). Students in Clusters 0
have a moderate understanding of ecotheology, perceive moderate implementation of ecotheology in their school,
believe their teachers moderately promote Ecotheology, and report a strong positive impact of Ecotheology education
on their environmental awareness and behavior. Cluster 2 is a group of students in good conditions, while Cluster 1 is
a group of students with the highest B, C, D, and F grades compared to Clusters 0 and 2. Generally, students have a
good to very good understanding of ecotheology, perceive moderate implementation of ecotheology in their school,
strongly believe their teachers actively promote Ecotheological awareness, and report a strong positive impact of
Ecotheology education on their environmental awareness and behavior.

3.3. Association Rules Result

Questions B2 and category E (E1 and E2) were analyzed using association rules with the Apriori algorithm. This method
was chosen to identify patterns in students' free choices regarding ecotheological knowledge sources, challenges, and
opportunities (provided in Indonesian language). Figures 6, 7, and 8, respectively, show the distribution of patterns
found in B2, E1, and E2. In question B2, most students learned about ecotheology from the teacher. However, if we
look at the pattern that appears most often simultaneously, if students know the term ecotheology from social media or
news, then students must also know it from religious textbooks.

Sources of Information about Ecotheology (82) Fr?nuent Itemset: (*Buku atau pelajaran agama’,), Support: 8.2477
Rule: () -= (*Buku atau pelajaran agama',}, (unhdcnn- 0.2477, Lift: 1.0008

h 31 madeasth', ), suppore: 06104

Guru di madrasa madrasoh’,], Confidence: 0.6134, Lift: 1,6008
“Lalnnya’,}, Suppart: 8.1161

nva's ) Contidence: 8.1161, Lift: 10808

Media sosial atau berita
Frequent Irensets (*Linghungan sekitar rumh'y ), Support: 0.1
gkungan sekitar rumah’, ), Confidence: B, mq Lift: 1.0000

"Media sosial atau berita’,), Support:
ia sasisl atau berita’,), Confidence: B. 4954 LiTt: 1.0808

Freauent Teemset
Rute: () - (*
Frequent Itemset: (-Orang Tua',), Suppart: 9.1138
Rule: () -> (‘Orang Tua',), Confidence: B.1133, Lift: 16080

Buku atau pelajaran agama

set: ("Guru di madrasah', 'Buku atau pelajaran agama'}, Support: 8.1728
J == (‘Guru di madrasah®, 'Buku atau pelajaran agama’), Confidence: @.1728, Lift: 1.8808

‘Buku atau pelajaran uuuna ,) == (*Guru di madrasah’,), Confidence: @.6975, Lift: 1.1262

Rulr ('Guru di madrasah’,} - (" Eukn atau pelajaran agama',), Confidence: @.2789, Lift: 1.1262
Itemset: (‘Medis sesial atau berita’, ‘Buku atau pelajaran sgama’), Support: 9.1347
‘Media sasial atau berits', 'Buku atau pelzjaran agama’), Confidence: 9.1347, Lift: 1.0000
u atau pelajaran agana,) —> (‘Media sosial atau berita’,}, Confidence: 85440, Lift: 1.1p93
‘Media sosial atau berita',) -> (*Buku atau pelajaran agama’.}, Confidence: 0.2747, Lift: 1.1803

Lingkungan sekitar rumah

source
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Fig. 8 Itemset and Association Rules of E2

This pattern has a confidence value of 0.4 with a lift of 1.5. Furthermore, in question E2, a pattern was found that the
obstacle to implementing ecotheology is that it is rarely discussed in learning, with the largest support value of 0.45. It
turns out that this obstacle has an impact on the absence of an ecotheology program in Islamic schools, with a confidence
value of 0.6 and a lift of 1.2. The absence of this ecotheology program is also supported by inadequate facilities and
infrastructure, with a support of 0.15. Then in question E2, the greening program was most often chosen by students
with a support of 0.6. In addition, if a waste sorting program is carried out, it must be accompanied by a waste recycling
program with a confidence value of 0.7 and a lift of 1.5.

3.4. Sentiment Analysis Result

Sentiment analysis was applied to category G, which is an open-ended question about Suggestions (G1) and
Expectations/Hopes (G2) regarding ecotheology programs in Islamic schools. This study used the pre-trained
RoBERTa model for Indonesian. Figure 9 shows the distribution of sentiments formed from each cluster of PCA results.
Overall, students have neutral sentiments towards ecotheology programs in Islamic schools, while they expect positive
things from the implementation of ecotheology programs in Islamic schools.

The sentiment in G1 contains the majority of responses, which were neutral (57.71% or 11,385 respondents), with
positive at 32.22% (6,356 respondents), and negative at 10.08% (1,988 respondents), whereas in G2, positive sentiment
becomes the majority (55.68% or 10,986 respondents) while neutral responses fall to 37.03% (10,986 respondents
7,306) and negative responses decline to 7.28% (1,437 respondents). Cluster 0 (a group of students who have low
knowledge, implementation, teacher role, and perceived ecotheological impact) has 5,672 responses and shows the
clear transition pattern from neutral-dominant G1 to positive-dominant G2 in the earlier summary. Cluster 1 (Cluster 1
a group of students with the highest ecotheological value) shows a clear shift from largely neutral responses in G1
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51.53% neutral and in G2 positive responses is 46.95%. While Cluster 2 (a group of students in good or moderate
ecotheological value )follows the same pattern as Cluster 1, most of G1 is neutral (47.31% neutral), and G2 is positive
48.76%. Figures 10 and 11 show the results of the Indonesian word cloud visualization of each sentiment for G1 and
G2, which reveal students' messages and hopes for ecotheology. Wordcloud results will be analyzed in more depth in

the discussion section.

Sentiment Distribution by Cluster: G1 {Suggestions) vs G2 (Hopes/Expectations)
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3.5. Classification Result

A classification model was built using the Random Forest, AdaBoost, Gradient Boosting, XGBoost, LightGBM, and
CatBoost algorithms, which aimed to group the level of ecotheology implementation of Islamic school students into
Low, Moderate, High, and Very High levels. This model can be used as a predictive model to measure the maturity
level of understanding and implementation of ecotheology for students. Table 2 shows the evaluation results of each
algorithm using a confusion matrix (Ting, 2017). The experimental results show that CatBoost is the best model that
can be implemented as a prediction model for the level of ecotheology implementation for Islamic school students, with
an accuracy level reaching 0.9871 or 98.71%. The CatBoost model’s performance is indeed extremely high, but the
matrix does not show clear evidence of overfitting or leakage by itself. However, confirm that the reported 98.71%
accuracy is plausible on this evaluation set. A confusion matrix result shows very few misclassifications across four
classes. This performance is exceptionally high, but not proof of overfitting or data leakage. The confusion matrix
actually supports the plausibility of the accuracy on that evaluation set, including reasonably good performance on the
“Moderate” class.

Table 2. Classification Results
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4. Discussion
4.1. Student Knowledge and Understanding of Ecotheology

Ecotheology is the concept of integrating religious values into environmental conservation. Islamic schools, as Islamic
educational institutions, play a crucial role in educating and providing students with an understanding of the importance
of ecotheology. This study found that 75.4% of Islamic school students at the elementary, middle, and high school
levels had heard the term ecotheology, 24.3% had not, and the remaining 0.3% did not answer. This fact demonstrates
that ecotheology is well-known to Islamic school students. Further analysis using association rules revealed that most
students learned the term ecotheology from their teachers, followed by social media or news reports. Interestingly,
students who learned the term from social media or news reports often received information from religious textbooks.
This finding is in accordance with previous research that mentioned that social media is a 63% effective platform to
promote ecotheology (Sabtina & Mabhariah, 2025). This suggests that information about ecotheology is effectively
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disseminated through social media or news portals, in addition to books. This study also demonstrated that students
have a good understanding that ecotheology is a term that connects religion with environmental awareness, in
accordance with Islamic teachings. Students also understand that environmental damage is prohibited in religious
teachings and that preserving the environment is part of worship. The impact of natural disasters and health crises is
also something that students understand if they do not protect the environment. These results are in line with previous
research that ecotheology becomes a habit, awareness, lifestyle, value, and character in schools (Cholil & Parker, 2021;
Rohman et al., 2024; Romdloni et al., 2024; Syafaruddin, 2025).

4.2. Implementation of Ecotheology in Learning

Ecotheology as part of learning in Islamic schools still needs improvement. This study shows that the average score for
ecotheology implementation in Islamic school learning is 2.6, indicating a moderate level that needs further
improvement. Most students learn that environmental conservation is in line with religion, but environmental
conservation programs are still lacking. Discussion of environmental conservation material in subjects, activities,
policies, and special programs related to environmental conservation in Islamic schools is still rare. In line with previous
research, the implementation of ecotheology in learning and educational policy presents its own challenges, such as the
persistence of knowledge gaps and misconceptions regarding ecotheology (Asare, 2022) and minimal student
awareness of the global environmental crisis (Cholil & Parker, 2021). However, the implementation of ecotheology is
certainly important to integrate into learning (Rohman et al., 2024). Furthermore, environmental conservation programs
with a religious approach are very feasible (Widianto et al., 2023).

4.3. The Role of Teachers in Instilling Ecotheological Awareness

Teachers play a crucial role in the implementation of ecotheology in Islamic schools (Cholil & Parker, 2021; Pangihutan
& Jura, 2023). Based on the results of pattern analysis using association rules, teachers are one of the primary sources
of information about ecotheology for students. This study found that students have a positive assessment of the role of
teachers in Islamic schools, who teach, guide, and provide concrete examples in preserving the environment in
accordance with Islamic teachings. The teacher's role also provides motivation and awareness for students to preserve
the environment, which is part of implementing religious teachings. The exploration of ecotheology emphasizes the
importance of integrating social justice with environmental ethics. The religious teachings can address both ecological
and social injustices, advocating for a more inclusive and equitable approach to environmentalism (Gottlieb, 2003).

4.4. Challenges and Opportunities for Implementing Ecotheology in Islamic Schools

This research used association rules with an Apriori algorithm to uncover the challenges and opportunities of
implementing ecotheology programs in Islamic schools. The study found that the biggest challenge is that ecotheology
is rarely presented in lessons, which undoubtedly impacts the concept and implementation of ecotheology. However,
the infrequent discussion of ecotheology in class is due to the lack of specific programs related to ecotheology in Islamic
schools, with the highest confidence score of 0.5169 and a lift of 1.4067. Inadequate facilities and infrastructure also
pose a challenge to implementing ecotheology in Islamic schools. Limited understanding of ecotheology is indeed a
major challenge in implementing ecotheology (Anabaraonye et al., 2024). The challenge of facilities that are supported
by social invention and economic are fact, but the potential for religious engagement in ecological issues is still
optimistic (Gottlieb et al., 2007).

This finding has major implications for educator training because it shows that teachers and religious texts remain the
dominant epistemic authorities in Islamic schools. When students rely more on traditional teachers and the Al-Qur’an
than on digital media for ecological knowledge, it means that environmental understanding is being filtered primarily
through religious pedagogy rather than through scientific or digital literacy channels. Therefore, the quality, depth, and
contextualization of ecotheology education depend heavily on how well teachers themselves understand and integrate
ecological concepts into Islamic teachings. This does not necessarily indicate resistance to technology, but rather that
religious authority still shapes trust and legitimacy in knowledge transmission. In educational contexts where the Qur’an
and teachers are central, ecological issues must be framed theologically and pedagogically, not merely scientifically
(Febrianingsih et al., 2025; Taufikin, 2025).

Therefore, educator training programs in Indonesia should not only provide environmental science knowledge but also
equip teachers with theological-environmental integration skills. If educators are not systematically trained in
integrating theology with environmental action, the entire program risks remaining symbolic (Febrianingsih et al., 2025;
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Hermawansyah, 2025; Mustofa et al., 2025). Conversely, strengthening teacher training (through curriculum
development workshops, interdisciplinary modules, and digital literacy enhancement) can transform ecotheology from
a rarely discussed topic into an institutionalized educational practice.

Opportunities for ecotheology programs resulting from the implementation of other programs include waste sorting and
recycling, with most rules having confidence scores above 0.9 and lift scores above 2. For example, greening programs,
energy-saving movements, outreach on the importance of environmental protection, religious activities that emphasize
environmental awareness, and waste sorting will impact the implementation of waste recycling programs. In line with
previous research, religious activities that wish to integrate theological beliefs need to be supported by concrete
ecological actions such as environmental preservation and reforestation (Runtuwene, 2025).

4.5. The Impact of Ecotheology-Based Education on Student Awareness

Through questions in category F, this study found that according to students, the impact of ecotheology learning will
increase awareness of the importance of protecting the environment. Students will have a sense of responsibility and
play an active role in preserving the environment. Of course, the level of student implementation will vary. Therefore,
through a classification approach, this study found a model that can predict the level of student ecotheology
implementation with 4 levels, namely Low, Low, Moderate, High, and Very High. Based on the experimental results,
the best model that can be used for classification is CatBoost with the highest accuracy of 98.71%. In line with the
experimental results that show a higher level of accuracy, XGBoost, LightGBM, and CatBoost are generally preferred,
with LightGBM often being the fastest and CatBoost excelling with categorical features (Z. Chen, 2025; Florek &
Zagdanski, 2023; Hancock & Khoshgoftaar, 2020; Prokhorenkova et al., 2018).

4.6. Student Hopes in Ecotheology

This study used open-ended questions to uncover students' suggestions and expectations regarding the implementation
of ecotheology in Islamic schools. The collected text data was processed using sentiment analysis using the RoOBERTa
model for Indonesian. Overall, students held neutral views regarding suggestions and positive views regarding
expectations. The content of neutral sentiment generally followed the same pattern as positive sentiment. Sentiment
analysis of student messages or suggestions included:

- Positive sentiments suggested that the ecotheology implementation program be implemented more effectively. This
was demonstrated through the terms "pembelajaran ekoteologi (ecoteology learning)," "lebih menarik (more
interesting)," and "menarik efektif (interesting and effective)." Examples of texts containing these terms include
"Menurut saya pembelajaran ekoteologi akan lebih menarik jika dilakukan secara langsung dan bersama sama (1
think ecotheology learning would be more interesting if it were done directly and collaboratively)"; " Pembelajaran
ekoteologi dapat lebih menarik dan efektif jika dihubungkan dengan kehidupan sehari-hari, menggunakan metode
interaktif, melibatkan komunitas lokal, memanfaatkan teknologi (Ecotheology learning can be more interesting and
effective if it is connected to everyday life, uses interactive methods, involves the local community, and utilizes
technology)," and "Saran saya, pembelajaran ekoteologi bisa dikaitkan langsung dengan ayat-ayat al-qur’an yang
membahas tentang alam, penciptaan, dan tanggung jawab manusia sebagai khalifah di bumi. kegiatan praktik
seperti membuat kebun madrasah, daur ulang sampah, atau aksi bersih lingkungan juga bisa dilakukan agar siswa
tidak hanya memahami secara teori, tapi juga mempraktikkannya dalam kehidupan sehari-hari. guru juga bisa
menggunakan media visual seperti video pendek atau poster agar pembelajaran lebih menarik (My suggestion is
that ecotheology learning can be directly linked to verses from the Quran that discuss nature, creation, and human
responsibility as caliphs on earth. Practical activities such as creating Islamic school gardens, recycling waste, or
environmental clean-up activities can also be implemented so that students not only understand the theory but also
practice it in their daily lives. Teachers can also use visual media such as short videos or posters to make learning
more engaging.)"

- Neutral sentiment shows most participants answered with factual, practical, or tentative suggestions rather than
clear approval or disapproval, like “Penerapan program-program ekoteologi di madrasah diharapkan tidak hanya
menjadi instrumen pelestarian lingkungan, tetapi juga sarana penanaman nilai spiritual dan sosial. (The
implementation of ecotheology programs in madrasas is expected to not only be an instrument for environmental
conservation, but also a means of instilling spiritual and social values)” and “dengan di selingin bermain agar tdk
boring dan supaya efektif harus rutin/ada jadwal tertentu” (by playing in between so that it is not boring and to be
effective it must be routine/have a certain schedule). This predominance of neutral language indicates that when
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asked for suggestions, participants tended to describe processes, constraints, or informational steps (for example,
outlines of programs, schedules, or roles) instead of expressing strong evaluative judgments.

- In the negative sentiment, the term "membuang sampah (throwing away trash)" was found, which indicates a
negative action, although the sentiment is not negative. The word "kurang (lack)" also appears, which apparently
reveals a lack of understanding of ecotheology. The sentence "Saya selalu mambersihkan toilet (karna kurang
bersih) (1 always clean the toilet (because it's not clean enough))" suggests that the cleanliness of the toilets in the
Islamic school needs attention.

Next, there are sentiments related to student expectations, including:

- Positive sentiments include the terms "lebih baik (better)," "peduli lingkungan (environmentally conscious),”
"menjaga lingkungan (protecting the environment)," and "program ekoteologi (ecoteology program)," which
represent hopeful phrases such as "Dapat membentuk karakter siswa yang peduli lingkungan berbasis iman dan
lahirnya generasi yg tidak hanya cerdas secara intelektual tetapi juga memiliki kepedulian lingkungan yang kuat
dan berakar pada nilai keamanan mereka (It can shape students' character and care for the environment based on
faith, and produce a generation that is not only intellectually intelligent but also possesses a strong environmental
concern rooted in their values of security)," and "Harapan saya program ekoteologi dapat membantu meningkatkan
partisipasi kami para siswa/i dalam kegiatan lingkungan, seperti kegiatan penghijauan, pengelolaan sampah dan
yvang lainnya yang terkait dengan lingkungan. Saya juga berharap program ekoteologi dapat membantu
membangun komunitas Islamic school yang peduli lingkungan dan dapat menjadi contoh bagi masyarakat luas
dan juga dapat membantu meningkatkan kualitas kualitas pendidikan di madrasah dengan mengintegrasikan nilai
nilai agama dan kepedulian lingkungan dalam proses pembelajaran (1 hope the ecotheology program can help
increase our students' participation in environmental activities, such as reforestation, waste management, and other
environmentally related activities. I also hope the ecotheology program can help build an environmentally
conscious Islamic school community and serve as an example for the wider community. It can also help improve
the quality of education in Islamic schools by integrating religious values and environmental awareness into the
learning process.)"

- In student expectiation, many of these neutral stances shift toward positive affect as respondents move from
describing what should be done to imagining desired outcomes. For example “Dapat membentuk karakter siswa
yang peduli lingkungan berbasis iman dan lahirnya generasi yg tidak hanya cerdas secara intelektual tetapi juga
memiliki kepedulian lingkungan yang kuat dan berakar pada nilai keamanan mereka” (It can shape the character
of students who care about the environment based on faith and give birth to a generation that is not only
intellectually intelligent but also has a strong environmental concern rooted in their security values). It reflects a
problem-solving, procedural mindset across clusters where participants are thinking in terms of actions and
logistics rather than advocating strongly for or against the topic.

- Negative terms such as "sampah sembarangan (litter)" and "kotor (dirty)" emerge within positive sentiments.
Although these terms are negative, they do not carry a negative connotation. For example, the sentence "Harapan
saya madrasah lebih bersih dan tidak kotor (1 hope the Islamic school is cleaner and less dirty)."

4.7. Pedagogical Implications of Ecotheology Implementation for Islamic Education

The findings of this study show that most Islamic school students already recognize and understand the concept of
ecotheology. With 75.4% of respondents familiar with the term, ecotheology has gained significant cognitive
acceptance among students. Teachers are the primary source of this knowledge, followed by social media and religious
textbooks. This indicates that Islamic schools already have a strong theological foundation for environmental education
(Syafaruddin, 2025). Pedagogically, this research suggests that ecotheology should no longer be introduced as a new
concept, but rather deepened and systematically integrated into the curriculum. Islamic education can explicitly connect
Qur'anic teachings about leardership (khalifah), trust (amanah), and balance (mizan) with contemporary environmental
challenges (Azhari et al., 2025; Taufikin, 2025), thereby transforming environmental awareness into a structured
component of religious learning (Mafaza et al., 2025).

However, despite high levels of understanding, the implementation of ecotheology in learning remains moderate, with
an average score of 2.6. Students acknowledge that environmental conservation aligns with religious teachings, yet
structured programs, policies, and routine ecological activities are still limited in many schools. This gap between
knowledge and practice has important pedagogical implications (Mustofa et al., 2025; Taufikin, 2025). Islamic schools
need to move from conceptual teaching toward experiential and action-based learning, such as school gardening, waste
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sorting programs, energy-saving campaigns, and community-based environmental service activities (Nagiya & Zebua,
2025). By embedding ecotheology into daily school routines and institutional policies, environmental awareness
becomes part of school culture rather than an occasional topic of discussion (Mujahidin et al., 2025).

The role of teachers is particularly crucial in this transformation. Students view teachers as key agents in promoting
ecotheological awareness and modeling environmentally responsible behavior. So, it is important to strengthen teacher
capacity through professional development programs that equip educators with contextual teaching strategies,
interdisciplinary materials, and practical environmental projects (Syafaruddin, 2025; Taufikin, 2025). Teachers should
not only explain theological principles but also connect them to social and ecological justice, encouraging students to
see environmental care as both a religious obligation and a moral responsibility (Rahman et al., 2025).

This research also highlights structural challenges, particularly the absence of specific ecotheology programs and
limited facilities. Nevertheless, strong opportunities exist, especially in greening initiatives, recycling programs, and
religious activities that emphasize environmental responsibility (Febrianingsih et al., 2025). These findings imply that
institutional commitment is essential to allocate resources for eco-friendly infrastructure and integrate environmental
indicators into school evaluation systems (Albar et al., 2024). When supported by clear policies and infrastructure,
ecotheology can evolve from individual awareness into collective institutional practice (Hajar, 2024).

Finally, students' suggestions and expectations provide valuable pedagogical insight. Many students expressed a desire
for more interactive, practical, and Qur'an-linked environmental learning. Neutral responses often reflected procedural
thinking, such as the need for routine scheduling and structured programs, rather than indifference. Students hope that
ecotheology education will shape an environmentally conscious character rooted in faith (Anwar et al., 2025; Nagiya
& Zebua, 2025). This indicates that learners are ready for participatory and experiential approaches. Islamic schools
should therefore adopt more engaging methods, including project-based learning, community involvement, and the use
of digital media to enhance motivation and relevance (Mafaza et al., 2025).

Furthermore, the classification model demonstrates that ecotheology implementation levels can be predicted using
machine learning approaches. This opens opportunities for data-driven educational monitoring and targeted
interventions. Policymakers, particularly within the Ministry of Religious Affairs, can use such models to identify
schools requiring additional support and to evaluate the effectiveness of ecotheology-based programs. Thus,
ecotheology implementation can move beyond normative aspiration toward measurable and evidence-based policy
development. Overall, the findings suggest that Islamic schools possess strong theological awareness and student
readiness, but require more systematic curriculum integration, teacher empowerment, institutional support, and data-
informed policy design (Mustofa et al., 2025). By bridging the gap between understanding and structured
implementation, ecotheology can become a transformative pedagogical model that integrates faith, environmental
responsibility, and sustainable character formation within Islamic education (Rohman et al., 2024).

5. Conclusion

This study uses various machine learning approaches to uncover and deeply analyze the implementation of ecotheology
in Islamic schools. This study found that Islamic school students have a good level of knowledge and understanding of
ecotheology, most of which information is obtained from teachers, although social media, news, and books have an
important role in disseminating information related to ecotheology. However, the implementation of ecotheology
programs still needs to be improved. Based on the results of association rules, the biggest obstacle in the implementation
of ecotheology in Islamic schools is the absence of a specific program related to ecotheology due to inadequate facilities
and infrastructure. It has an impact on the insertion of ecotheology in learning, which is still rarely implemented. Islamic
school students also have a good belief that the role of teachers is very important to teach, instill, raise awareness, and
model environmental conservation activities (such as sorting and recycling waste) as part of worship or religious
teachings.

Based on several machine learning methods that are used to reveal the insightful information of data, this research
recommends that the Ministry of Religious Affairs should provide actionable guidance for curriculum revitalization.
First, ecotheology can be systematically integrated into Islamic Religious Education subjects through clearly defined
learning outcomes that connect Qur’anic principles of stewardship, justice, and balance with environmental practice.
Second, teacher professional development programs can prioritize ecotheological pedagogy, equipping educators with
interdisciplinary strategies and project-based approaches. Third, institutional accreditation and evaluation systems can
incorporate environmental responsibility indicators to ensure implementation moves beyond rhetoric. Finally,
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predictive analytics can assist policymakers in identifying schools that require additional support, resources, or
mentoring, thereby enabling more efficient and equitable program distribution.

It is recommended that further research focus on designing and evaluating targeted ecotheology programs, including
teacher professional development, curriculum integration, and extracurricular environmental activities. The readiness
of facilities and infrastructure in Islamic schools needs to be assessed in more detail. Studies could explore how resource
limitations hinder program execution and identify policy measures to support the provision of eco-friendly
infrastructure and learning materials. Expanding the scope of respondents to include teachers, school leaders, and
parents could also offer a more comprehensive understanding of the ecosystem supporting ecotheology in education.
From a methodological perspective, future work could employ advanced machine learning techniques, such as
explainable artificial intelligence, to better interpret prediction models and identify the most influential factors affecting
ecotheology implementation. Comparative studies between regions, countries, or different types of educational
institutions could also highlight cultural and contextual differences in adoption and practice.
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