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ABSTRACT 

	Abstract
Background:
Endemic species such as Salacca sumatrana or Sidimpuan snake fruit faces serious threats due to land conversion and the lack of awareness of the younger generation regarding its conservation value, creating an urgency for the integration of education and conservation. In many Indonesian schools, science learning remains dominated by memorization and generic examples, so students rarely engage with authentic local biodiversity issues or conservation projects. This research aims to develop and test the feasibility of an E Module based on conservation projects that focuses on local potential, namely Salacca sumatrana (Salak Sidimpuan), to enhance the creativity of high school students. The research background is based on observations in four high schools in South Tapanuli that showed low student creativity in solving local conservation problems, as well as limited contextual and interactive teaching materials.
Methods:
The study employed a Research and Development (R&D) design using the ADDIE model (Analysis, Design, Development, Implementation, and Evaluation) combined with a quasi-experimental approach involving four public high schools in South Tapanuli (N = 70 students) organized into control and experimental classes. Validity testing involved expert review by media, material, and language specialists, while practicality was examined through teacher and student responses in small- and large-scale trials. Effectiveness was evaluated using pretest–posttest measures of student creativity, analyzed with N-gain scores based on validated test items.
Results:
The needs analysis showed that 86% of teachers indicated the need for an e-module based on local potential. Practicality testing produced an overall average score of 3.46 in the feasible category, with five of seven aspects—visual appearance, content quality, usability, readability, and assessment instruments—falling into the very feasible category. Student user trials on both small and large scales reinforced these findings, with feasibility percentages ranging from 82.20% to 92.69% in the very feasible category. Effectiveness tests showed creativity scores in the control class of 72.20% (small scale) and 72.40% (large scale), while the experimental class achieved 72.35% (small scale) and 86.40% (large scale). These findings indicate not only positive user perceptions of the module but also a substantial improvement in creativity when the conservation project–based e-module is fully implemented in the experimental class.
Conclusion:
These results indicate that the developed conservation project–based Salacca sumatrana e-module is practical, highly feasible for classroom use, and has strong potential to improve students’ creativity. The module also strengthens students’ ecological literacy and local conservation awareness by positioning Salacca sumatrana as an authentic context for scientific inquiry and problem solving. Further studies are recommended to examine its effectiveness using broader experimental designs and to refine linguistic aspects and variations in creativity-oriented learning activities. In addition, future research may explore integration with other digital features (e.g. virtual field trips or augmented reality) and the development of teacher professional development programs to scale up the use of conservation-based e-modules in diverse school settings.
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1. INTRODUCTION 

Education in Indonesia, particularly in South Tapanuli, faces a dual challenge: science learning remains largely theoretical and poorly connected to real environmental issues, while ecological pressures on local biodiversity are becoming increasingly alarming. Endemic species such as Salacca sumatrana (Salak Sidimpuan) are under serious threat due to land conversion and the low awareness of younger generations regarding their conservation value. This condition creates an urgent need to integrate conservation education into science learning in a meaningful and contextual way.
Project-Based Learning (PjBL) has been shown to be effective in improving students’ conceptual understanding (Guo et al., 2020; Khafah et al., 2023), and technology-based modules are well suited to support project-based learning processes (Hinostroza et al., 2025; Rehman et al., 2024). When embedded in a conservation context, PjBL can encourage students to engage actively in solving environmental problems (Agustina et al., 2025). However, its implementation in schools is still limited, mainly due to the lack of appropriate and contextual teaching materials. Electronic modules (e-modules) offer a promising solution because they provide flexibility, support self-directed learning, and can combine multimedia elements, local case studies, and collaborative activities into a single, coherent learning resource (Alanoglu et al., 2025; Staneviciene & Žekienė, 2025; Tong et al., 2022).
Indonesia has a significant number of conservation areas, yet various studies report that the number of endangered species continues to decline (Gunawan et al., 2024; Kusrini et al., 2025). Environmental degradation caused by human activities persists and even intensifies, despite conservation efforts that have been carried out since the 1970s (Dietz, 2020; Tal, 2025). Therefore, it is essential to provide systematic and continuous conservation education to the younger generation (Ali et al., 2025; Ardoin & Bowers, 2020; Natori et al., 2025), so that their knowledge can transform into pro-environmental mindsets and behaviors.
Within this context, project-based e-modules emerge as an innovative medium to enhance environmental awareness while developing higher-order skills, such as the ability to compare traditional ecological knowledge with scientific explanations and to design models for conserving local potential (Jaenudin et al., 2025). Character education can be directed toward shaping student behavior in preserving local biodiversity, while global frameworks also emphasize the need for conservation-oriented education (Fajri et al., 2025; Ulfaturrohmatiririn et al., 2023). One local potential that has not been optimally utilized in learning is Salacca sumatrana, an endemic snake fruit of South Tapanuli that has high ecological and economic value but is threatened with extinction due to land conversion.
Preliminary research shows that students generally recognize snake fruit only as a commodity, without understanding its status as an endangered endemic species. Their creativity in science learning is also not optimally developed to generate real solutions to local environmental problems. Teachers report difficulties in developing contextual, digital, and project-based teaching materials. Student creativity remains low, as reflected in the limited ideas proposed to address local conservation issues. Learning still tends to emphasize memorization (Pratama, 2016), textbook dependence, and conventional teaching models (Haetami, 2025; Siladjaja et al., 2022). The learning resources used by teachers are often abstract and do not directly involve students in authentic environmental experiences (Duchatelet et al., 2023; Torkar, 2014). This lack of ecological literacy is exacerbated by the limited coverage of environmental conservation topics in existing teaching materials and the absence of interactive resources with clear visuals and real-life videos, which teachers explicitly expect (Brandt et al., 2021; Rodríguez Pérez et al., 2024). In fact, local potential such as Salacca sumatrana could serve as a concrete learning medium to strengthen students’ ecological literacy, while education itself has a strategic role in producing human resources who are environmentally responsible (Gunawan et al., 2025; Leal Filho et al., 2018).
Although the development of e-modules and the implementation of PjBL have been widely studied, a review of the literature indicates a clear gap. Existing studies, such as Keryan et al. (2025), generally use generic project contexts, while works that explicitly integrate the conservation of specific endemic species into project-based e-modules are still scarce. This study addresses this gap by offering an e-module that not only aims to enhance creativity but also to cultivate students’ awareness and agency as future conservation leaders in their own region.
The present research on developing a conservation project–based e-module for Salacca sumatrana offers significant novelty through the triune integration of endemic species conservation, ethnoscience approaches, and contextual creativity. Much of the previous work on project-based e-modules in STEM education has focused on generic projects without specific links to local biodiversity conservation (Lee & Lee, 2025). This study differs by placing the conservation of Salacca sumatrana—a threatened endemic species with cultural significance—as an authentic project context. This is in line with Zidny et al. (2020), who emphasizes the importance of linking science learning with indigenous knowledge, but the present study conducts a more specific and in-depth exploration of a unique bio-cultural entity. Marlina et al. (2025), for example, showed that integrating local wisdom can improve thinking skills, yet their study did not develop a project-based e-module. Building on this, the current research designs a systematic integration model that documents and transforms local wisdom of the Tapanuli community in cultivating and utilizing snake fruit into interactive digital content.
The creativity aspect developed in this study also departs from earlier research. Unlike Cheng (2019), who measured creativity in a general technical context, this research focuses on contextual creativity—students’ ability to design real, ecologically and socio-economically feasible solutions to conservation problems in their communities. Through an e-module that guides students to produce product prototypes or implementable conservation strategies, this study does not only pursue abstract creativity but also fosters feasibility-oriented design thinking (Alisah et al., 2025; Siwiec et al., 2025). Thus, the combination of a unique conservation object, an in-depth ethnoscience approach, and a solution-based creativity orientation places this e-module development in a distinctive and strategic position within contemporary science education research. Concretely, the local potential–based conservation e-module is presented in the form of text, images, photographs, and videos on topics such as conservation management, ecology, reproduction, and conservation efforts related to Salacca sumatrana.
From a long-term perspective, this research is expected to generate impacts at several levels: (1) academically, by enriching scientific literacy and contextual learning resources; (2) socio-ecologically, by strengthening local conservation movements; (3) culturally, by preserving traditional knowledge related to Salacca sumatrana; and (4) in terms of sustainable development, by contributing to the achievement of SDG 4 (quality education). The conservation project–based e-module on Salacca sumatrana has several advantages: (a) bridging the gap between multimedia design theory and local conservation practice; (b) developing integrative conservation projects using digital technology; and (c) presenting instruments capable of measuring both cognitive outcomes and character related to local conservation potential. 
This manuscript therefore contributes to the scientific community by offering a replicable model of digital learning that is at once conservation-oriented, culturally grounded, and creativity-focused. It demonstrates how an ADDIE-based development process can be used to co-design e-modules with local stakeholders, empirically validates the practicality and effectiveness of the product, and provides evidence that contextual conservation projects can become powerful vehicles for enhancing 21st-century skills. In doing so, the study addresses the dual agenda of enriching science education research and supporting urgent conservation efforts for an endangered endemic species.
Based on these considerations, the research problem in this study focuses on two main questions: (1) How practical is the Salacca sumatrana conservation project–based e-module when implemented in high school learning? and (2) How effective is the e-module in improving students’ creativity? Accordingly, the objectives of this study are: (1) to develop a local potential–based conservation project e-module on Salacca sumatrana and (2) to determine the practicality and effectiveness of the developed e-module in enhancing high school students’ creativity.

2. LITERATURE REVIEW 
Project-Based Learning (PjBL) and E-Modules in Science Education
PjBL has been widely recognized as an approach that promotes active, inquiry-based, and collaborative learning while improving higher-order thinking skills (Guo et al., 2020; Khafah et al., 2023). Technology-integrated PjBL further enables students to access rich resources, document project processes, and present products in creative digital formats (Hinostroza et al., 2025; Tong et al., 2022). E-modules, as structured digital learning resources, can scaffold PjBL by providing clear project steps, embedded assessments, and multimedia representations that support diverse learning styles (Alanoglu et al., 2025; Staneviciene & Žekienė, 2025).
Conservation Education, Environmental Literacy, and Local Wisdom
Conservation education plays a strategic role in improving biodiversity literacy and shaping pro-environmental behavior (Fajri et al., 2025; Ali et al., 2025). Studies show that early and sustained exposure to environmental issues, combined with experiential learning, can foster environmentally active and informed citizens (Torkar, 2014; Ardoin & Bowers, 2020; Duchatelet et al., 2023). In Indonesia and other contexts rich in indigenous knowledge, integrating local wisdom into science learning has been recommended as a way to connect abstract concepts with familiar socio-ecological realities (Zidny et al., 2020; Ulfaturrohmatiririn et al., 2023). Local biodiversity, such as mangroves or endemic plant species, has been used as a context to strengthen ecological literacy and support national conservation strategies (Gunawan et al., 2024, 2025).
Ethnoscience and Contextual Creativity
Ethnoscience-oriented science education emphasizes the dialog between scientific concepts and indigenous knowledge systems, encouraging students to analyze, compare, and synthesize multiple ways of knowing (Zidny et al., 2020). When coupled with PjBL and e-modules, ethnoscience can guide students to design locally appropriate solutions to environmental problems and thus cultivate contextual creativity—innovation that is feasible, culturally sensitive, and responsive to local needs (Cheng, 2019; Alisah et al., 2025; Siwiec et al., 2025). Research on ecosystem and environmental e-modules integrated with local wisdom has shown positive effects on students’ critical thinking and science process skills (Marlina et al., 2025; Widiyatmoko et al., 2022; Jaenudin et al., 2025).
Research Gap
Despite these advancements, most studies on PjBL-based e-modules in STEM and environmental education still rely on generic project themes without focusing on the conservation of specific endemic species (Keryan et al., 2025; Lee & Lee, 2025). There is a need for empirically tested digital learning resources that explicitly center on endangered local species, document ethnoscientific practices, and measure creativity outcomes in authentic conservation contexts. This study addresses that gap by developing and evaluating a conservation project–based e-module on Salacca sumatrana for high school students in South Tapanuli.


3. methodology 

This research was conducted at four high schools in South Tapanuli: SMA Negeri 1 Angkola Barat, SMA Negeri 1 Angkola Timur, SMA Negeri 1 Angkola Selatan, and SMA Negeri 1 Sipirok. The validation process involved lecturers, two media experts, two material experts, and two language experts. This research method used a research and development (R&D) especially ADDIE model (Analysis, Design, Development, Implementation, Evaluation) and quasi-experiments. The ADDIE method is limited to the design of practicality trials. Implementation is limited to small-scale and large-scale trials to develop e-modules based on conservation projects. This approach was chosen because it allows for systematic, measurable product development based on real needs. In addition, a quasi-experimental design with control and experimental classes was used to test the effectiveness of the e-module on students’ creativity through pretest–posttest comparisons. In this research, the implementation of the ADDIE method on This research is limited to the development stage. The data obtained are in the form of percentages, which are used to determine the suitability of the media being developed. The data is then interpreted on a scale of 1 to 4 and (Branch, 2009). 
The results of the previous stages, namely analysis, design and development:
1. Teacher and student needs analysis stage data on teacher needs (N_teacher = 4) and students (N_student = 120) in 4 high schools in South Tapanuli. 86% of teachers stated the need for digital e-modules containing local potential (salak) for contextualization of the material. 74% of students stated they were more interested in materials containing local examples & practical activities. In-depth interviews were conducted with subject teachers and principals to examine implementation constraints such as limited devices, lesson time, and teacher training needs. Interpretation of the needs analysis showed strong support from stakeholders for the development of contextual e-modules. These findings became the basis for learning objectives and e-modules. The needs analysis results also served as inputs for determining the structure of project tasks, the selection of multimedia elements, and the alignment of learning outcomes with conservation and creativity goals.
2. The development design stage has several needs for designing learning tools that researchers must fulfill, namely formulating instructional objectives, chapter and sub-chapter module structure, learning activity design for the Salacca sumatrana local potential conservation project, assessment, and interface storyboard. The learning objectives contain 5 HOTS indicators (analysis, synthesis, evaluation, application, scientific communication). The designed e-module components are: (1) Cover, (2) Objectives & competency maps, (3) Theoretical materials and local context, (4) Activities, (5) Local potential videos/gallery, (6) Mini project assignments (processed salak), (7) Formative & summative assessment instruments. Each component was explicitly linked to stages of PjBL, from problem orientation and investigation to product design, presentation, and reflection, so that students could gradually construct ideas and solutions related to Salacca sumatrana conservation.
3. Development stage This stage transforms the design into a final e-module product compiling content, multimedia, assessment instruments, and conducting expert validation and practicality tests. Media expert validation, material expert validation and language expert validation. The results of this study focused on the validity and practicality of the developed e-module, which was assessed by experts before being implemented in the field. The results of the e-module validation process involved six validators consisting of media experts, material experts, and language experts. Quantitative data obtained from the questionnaire were converted into a percentage scale and analyzed based on predetermined criteria. The e-module was declared valid for testing if the percentage of validator assessments was on all items declared valid as shown in Figure 1. Qualitative comments from validators were used to refine aspects such as image sharpness, navigation buttons, alignment between learning outcomes and activities, and the clarity of conservation messages.
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Fig. 1. Validation Results 

The developed e-module has met the eligibility standards of the images as seen in the media validation results, the screen design display needs to be emphasized, ease of use needs to be reconsidered the sharpness of the use of images. The results of the validation of the material experts in the developed learning e-module are categorized as very valid. Implementation was carried out on a small and large scale to determine the increase in student creativity. Implementation was tested through a quasi-experimental research method. Small-scale trials involved 10 students (5 control and 5 experimental) from two schools, while the large-scale trials involved 60 students (15 from each of the four schools) divided into control and experimental classes.
The effectiveness of the e-module was assessed using the n-gain test. For the learning outcome test and the pretest and posttest of creativity ability, the questions used were tested for their suitability through validity, reliability, difficulty level, and discriminatory power using the SPSS application. Then, the creativity test data was calculated using the N-Gain calculation with the formula and criteria as in Table 1. Reliability analysis using Cronbach’s Alpha indicated high internal consistency of the practicality instrument, providing additional support for the robustness of the measurement.

 X 100%
 
Table 1. creativity test criteria
	N-Gain 
	Criteria

	˃0.7 
	High

	0.3˃N-Gain˃0.7 
	Currently

	>0.3 
	Low




4. results and discussion

This study aimed to develop a project-based e-module focusing on the conservation of Salacca sumatrana (Salak Sidimpuan) to enhance student creativity in four high schools in South Tapanuli: SMAN 1 West Angkola, SMAN 1 East Angkola, SMAN 1 South Angkola, and SMAN 1 Sipirok. The research followed the ADDIE model of Research and Development (R&D), and the reported results emphasize the practicality and effectiveness testing stages.
The practicality test used a Likert scale from 1 to 4. The results indicated that the overall average score across seven assessed criteria was 3.46, which falls into the “Feasible” category. Five of the seven criteria—visual appearance (3.50), content quality (3.62), usability/practicality (3.50), readability (3.50), and assessment instruments (3.50)—were in the “Very Feasible” category. In contrast, language (3.38) and learning activities (3.25) were classified as “Feasible.” These results suggest that while the module is suitable for classroom use, minor revisions, particularly in linguistic clarity and task variety, are needed to elevate it to a fully “Very Feasible” category.
Table 2 below shows the mean scores for each of the practicality criteria and their respective categories.
Table 2. Practicality Average Scores of the E-Module
	No
	Practicality Criteria
	Mean Score
	Category

	1
	Visual appearance
	3.50
	Very Feasible

	2
	Content quality/material accuracy
	3.62
	Very Feasible

	3
	Language
	3.38
	Feasible

	4
	Usability/practicality
	3.50
	Very Feasible

	5
	Readability/accessibility
	3.50
	Very Feasible

	6
	Learning activities
	3.25
	Feasible

	7
	Integrated assessment instruments
	3.50
	Very Feasible

	
	Overall Average
	3.46
	Feasible



A small-group trial was conducted involving five students each from SMA Negeri 1 Sipirok (control class) and SMA Negeri 1 Angkola Barat (experimental class). The control class yielded a feasibility score of 72.20%, while the experimental class reached 72.35%. Students provided feedback recommending improvements in image resolution, consistency of learning outcome statements, and language structure. These suggestions were incorporated into a revised version of the e-module before proceeding to the large-group trial phase. This iterative revision process is consistent with the development logic of the ADDIE model, in which formative evaluation informs successive refinements of the product (Branch, 2009).
In the large-group trial, the module was tested on 15 students from each school. The feasibility score increased significantly: SMA Negeri 1 Sipirok (control class) reached 84.23%, and SMA Negeri 1 Angkola Barat (experimental class) scored 92.69%. These results confirmed the module’s usability and student satisfaction, particularly in the experimental group, where the module was implemented in full. The sharp increase in feasibility scores from small- to large-scale implementation suggests that the revisions made after the pilot phase effectively addressed user needs and that students quickly adapted to the digital format and project-based structure.
To assess its effectiveness, the e-module was evaluated based on creativity outcomes. In the small group trial, the control and experimental classes scored 72.20% and 72.35% respectively. In the large group, the control class remained stable at 72.40%, while the experimental class showed a notable increase to 86.40%. These results reflect the module’s strong impact on student creativity, attributed to its structured project-based approach and authentic, localized content.
These findings are visually summarized in Figure 2 below, which illustrates the improvement in effectiveness across both trial phases.
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Fig. 2. Effectiveness Test Results of the Conservation Project-Based E-Module
Final validation by subject matter experts confirmed that all items in the module were valid, with average scores exceeding 3.0. The reliability of the practicality instrument, measured using Cronbach’s Alpha, reached 0.857, indicating high internal consistency. Further recommendations included enhancing language clarity, integrating differentiated learning tasks, and developing project-based assessment rubrics. It is also suggested that future research conduct a more rigorous effectiveness test using a larger sample (60–100 students) to examine inferential statistics such as significance levels and effect sizes.
Additional suggestions from students highlighted the need for better formatting of learning outcomes and correction of a few low-resolution images. Following these revisions, the final version of the e-module was considered ready for broader implementation. No further improvements were necessary after the large-scale trial, as students found the module engaging and easy to navigate.
In summary, the e-module demonstrated high practicality and significant effectiveness in fostering student creativity. The highest-scoring aspect was content quality, reflecting strong contextual alignment and relevance. Meanwhile, learning activities scored the lowest, emphasizing the need for increased task variety to promote HOTS. These findings align with other researchs who found that interactive and context-based e-modules can enhance both conceptual understanding and environmental awareness (Jaenudin et al., 2025; Sural & Sağlık, 2024; Widiyatmoko et al., 2022). From a conceptual perspective, the results support the view that PjBL, when embedded in a meaningful local conservation context, can provide fertile ground for developing students’ creativity by requiring them to analyze problems, synthesize information from scientific and indigenous sources, and design feasible solutions (Guo et al., 2020; Cheng, 2019; Zidny et al., 2020).
The differential gains between control and experimental classes also suggest that contextual creativity is more likely to emerge when students are given structured opportunities to engage with real-world issues and to produce tangible project outcomes, rather than only engaging with decontextualized exercises. In this study, the conservation of Salacca sumatrana served as an integrative theme that connected ecological content, local wisdom, and entrepreneurship-oriented product design, thereby operationalizing the notion of education for sustainable development at the classroom level (Leal Filho et al., 2018; Fajri et al., 2025).
Nevertheless, the moderate scores for learning activities indicate that there is still room to diversify project tasks—for example, by adding interdisciplinary components (such as socio-economic analysis of Salacca sumatrana value chains), peer-assessment mechanisms, or reflective journals—to further deepen critical and creative thinking. These refinements would allow the e-module to better align with the “4C” competences (critical thinking, creativity, collaboration, communication) that are central to 21st-century learning (Brandt et al., 2021).

5. Conclusion
Based on the findings, it can be concluded that the conservation project–based e-module on Salacca sumatrana has been successfully developed and meets the criteria of both practicality and effectiveness. The module responds to an urgent educational need for interactive, contextual, and non–memorization-oriented learning resources, demonstrating strong potential to enhance students’ creativity and ecological literacy. The positive results obtained in the practicality and trial phases provide a solid foundation for advancing this product to broader classroom implementation and rigorous effectiveness testing. At the same time, the module contributes to local conservation efforts by positioning an endangered endemic species as the focal context for scientific inquiry and project work, thereby connecting classroom learning with real environmental challenges in South Tapanuli.
For future research, it is recommended that the e-module be evaluated through large-scale experimental or quasi-experimental studies involving diverse school settings to obtain stronger inferential evidence, including significance tests and effect sizes. Further refinement may also explore the integration of differentiated project tasks, cross-disciplinary conservation themes, and digital features such as augmented reality or virtual field simulations to deepen student engagement. Longitudinal studies are also suggested to examine the sustained impact of the e-module on students’ creativity, ecological awareness, and conservation-oriented behaviors over time. Additionally, future work could investigate teacher professional development models that support the adoption of conservation-based digital learning materials in various ecological and cultural contexts. Such extensions would help consolidate the role of conservation project–based e-modules as a strategic innovation in science education, bridging the gap between curriculum demands, local biodiversity preservation, and the development of students’ 21st-century competences.
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