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ABSTRACT
The purpose of this study is to develop teaching materials for brick synthesis with the addition of sugarcane husks that will be used for one of the teaching materials in ethnoscience and edupreneurship courses. The use of sugarcane husks in the process of making bricks is very important to be introduced to students in ethnoscience and edupreneurship courses because it provides students with new knowledge that can be an inspiration in terms of science and economic impact. To be used in courses, valid and practical teaching materials are needed to be applied. Therefore,the research using the 4D model research and development method. Based on the results of the study, it was found that the teaching materials for brick synthesis with the addition of sugarcane husks were declared valid with a score of 3.4 by learning experts, a score of 3.2 by materials physicists and a score of 3.3 by economists. Meanwhile, based on the results of the questionnaire distributed to 100 students, the results were obtained that 92% of students responded very well, which means that this teaching material is practical to be used in learning so that it can be concluded that the teaching material for brick synthesis with the addition of sugarcane husk is feasible and practical to be used in learning.
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[bookmark: _heading=h.gjdgxs]INTRODUCTION
[bookmark: _Hlk188531138]Based on data from the Pusat Penelitian Perkebunan Gula Indonesia (P3GI), national sugar production in 2022 reached 2.35 million tons, with a total of around 30 million tons of milled sugarcane. From this milling process, around 9.6 million tons of sugarcane bagasse are produced, considering that bagasse makes up 32% of the weight of the milled sugarcane. The utilization of bagasse has now increased, with about 70% being used as boiler fuel in sugar mills, paper industry raw materials, and mushroom growth media. However, there are still around 30% of bagasse that has not been utilized optimally, thus opening up opportunities for innovation in the use of this waste into value-added products (P3GI, 2022). Kediri Regency is the second most sugarcane producing district in East Java Province with an average annual production of 197,409 which can be interpreted that the waste from the calling process is also not utilized optimally. In the research area, there are quite a lot of traditional sugar factories in one village area with waste in the form of husks which are used more as feed, as fuel and the rest is burned or left alone.
Brick is a material that is widely used in building construction because of its high strength and resistance to environmental conditions. However, conventional brick production often contributes to negative impacts on the environment, such as carbon emissions and the use of non-renewable natural resources. On the other hand, agricultural waste such as sugarcane husks is a problem in itself, because of its abundant availability but often not optimally utilized. The use of sugarcane husks as an additional material in the synthesis of brick ceramics is one of the solutions that can reduce waste while improving the properties of brick materials. From an ethnoscience point of view, the use of sugarcane husks also reflects local wisdom that uses natural resources wisely, in accordance with the principles of sustainability.
Previous research has shown the great potential of sugarcane husks in improving the mechanical and thermal properties of building materials. A study by Suranto, M., Atmaja, P. S., & Sri, B. (2022) revealed that the addition of rice husk ash to the concrete mixture is able to increase compressive strength and resistance to high temperatures. In addition, research by Syaifullah, A., Purnamasari, E., & Fathurrahman, F. (2021) shows that the use of sugarcane husks as an additive in making bricks can reduce material density without sacrificing its strength, resulting in lighter and more economical products. Further research conducted by Maiyanti (2013) stated that the addition of sugarcane husks to brick production makes bricks have better microscopic characteristics because of the addition of more silica and safer than cement-based bricks. These findings form a strong scientific basis for the development of these teaching materials.
In ethnoscience courses, this teaching material offers an interdisciplinary approach that combines material science with local wisdom and economist science. Students are invited to understand how modern technology can be harmonized with existing cultural values and traditions. Meanwhile, in the technopreneur course, this teaching material provides a step by step guide to developing innovative products based on sugarcane husks into promising business opportunities. Students are invited to learn market analysis, calculation of production costs, marketing strategies, and business sustainability planning. References from recent research show that an approach based on the integration of science and technology is increasingly needed in the world of education. For example, research by Muliani, F., & Munandar, A. (2022) shows that the use of local materials in the development of building materials can increase product competitiveness while supporting the local economy. Another study by Suban, A., & Gani, I. (2024) highlights the importance of technopreneurship based education in equipping students with relevant skills to face the challenges of the world of work. These findings confirm the urgency and relevance of the development of this reference book in the context of higher education in Indonesia.
In addition to contributing to the world of education, this teaching material also has broad implications in the context of national development. The development of innovative products such as sugarcane husk-based brick ceramics can support government programs in reducing carbon emissions and improving resource efficiency. In the long term, this contributes to the achievement of sustainable development goals (SDGs), especially in goals number 9 (Industry, Innovation, and Infrastructure) and number 12 (Responsible Consumption and Production). This research also answers the vision of the IAIN Kediri institution, the vision of the Faculty of Tarbiyah and the scientific vision of the science study program which focuses on the integration between science and Indonesia, which is reflected in the ethnoscience and technopreneur courses in the courses at the IAN Kediri Science Study Program.

METHODOLOGY
[bookmark: _Toc188533331]Research and Development Model
This research is a development research (development research) A Teaching Material for Environmentally Friendly Brick Ceramic Innovation: Synthesis and Economic Value of Adding Sugarcane Husks. The development model of the science education laboratory management management model product that will be used by the researcher is “Four-D Models” which consists of 4 stages, namely (Scott, 2016): 1. Define, 2. Design, 3. Develop and 4. Disseminate.
The design of the development of teaching materials for Environmentally Friendly Brick Ceramic Innovation: Synthesis and Economic Value of the addition of Sugarcane Husk in this study uses the 4-D (Four D) development model. This development model consists of four main stages, namely: define, design, develop, and disseminate. The development model in this study can be systematically described as in Figure 1.

Define
Design
Needs analysis: observing and documenting how the brick making process is traditionally process-wise and economical to gather information on the extent to which development needs to be carried out

Preparation of the design of Environmentally Friendly Brick Ceramic Innovation Teaching Materials: Synthesis and Economic Value of Adding Sugarcane Husks based on needs analysis


Develop
a) Develop a design that is created into a draft form
b) Validating the Teaching Materials for Environmentally Friendly Brick Ceramic Innovation that have been developed
c) Revising Teaching Materials for Environmentally Friendly Brick Ceramic Innovation based on validation results 
Disseminate
1. Published in a nationally accredited journal Sinta 2
2. Submitting an ISBN
3. Applying for IPR
4. Indexing Google Book or Google Scholar



















[bookmark: _Hlk155278066]
Figure 1. Design of the development of teaching materials for environmentally friendly Brick Ceramic Innovation: Synthesis and Economic Value of Sugarcane Husk Addition 

Trial Subject
[bookmark: _Hlk100737962]The test subjects at the development stage of Environmentally Friendly Brick Ceramic Innovation Teaching Materials: Synthesis and Economic Value of Adding Sugarcane Husk are materials physicist validators, economist validators and learning expert validators.

Data Type 
The data to be analyzed was obtained from the validation of material physicist validators, physical material expert validators and economic validators. The following is the description of the data that will be used:
a. Quantitative data
This data was obtained from the results of verification from validators , validators, material physicists, and economic validators.
b. Qualitative data
 (
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Qualitative data is obtained based on comments, criticisms, suggestions and inputs from validators related to product development outcomes.
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[bookmark: _Toc188533334]Data Analysis Techniques 
The data collected from this study was analyzed, and then used to change  the teaching materials of Environmentally Friendly Brick Ceramic Innovation: Synthesis and Economic Value of Adding Sugarcane Husks which were developed so that  the teaching materials of Environmentally Friendly Brick Ceramic Innovation: Synthesis and Economic Value of Adding Sugarcane Husks that are feasible and meet the criteria that have been set. To produce averages and percentages, descriptive statistical data analysis was used. Some of the data analysis techniques used include:
a) Qualitative data analysis is found from the result data in the form of input and 
b) also suggestions given by material physicist validators and economist validators when validating which will affect the product revision process carried out by the development of it.
c) Quantitative data analysis obtained from quantitative data the results of each validator will be calculated using the formula as below:


The calculation of the validator results is used for each question presented in the form of a questionnaire. To find out the criteria for product validity, it can be stated in the table 1.
Table. 1 Product Validity Criteria
	No
	Category
	Valuation

	1.
	Very valid
	85%-100%

	2.
	Valid
	75%-85%

	3.
	Quite valid
	50%-75%

	4.
	Invalid
	25%-50%



Quantitative data analysis was also obtained from the student response questionnaire sheet which is data about student responses to the developed learning tools to see the practicality of the developed product. The data from the results of student responses were analyzed in a quantitative descriptive manner by describing the percentage in each question. The questionnaire that has been filled out is calculated based on the following formula (Riduwan, 2010). 
%Criteria = 
After the analysis is carried out on the results of the student response questionnaire, the results will be analyzed and the practicality of this teaching module will be concluded with the perception criteria listed in table 2.

Table 2. Criteria for Perception of Student Responses
	Score
	Perception criteria

	0% - 20%
	Very bad

	21% - 40%
	bad

	41% - 60%
	Enough 

	61% - 80%
	Good 

	81% - 100%
	Excellent 



RESULT AND DISCUSSION
First Author, Second Author, Third Author
 The Title of Articles in English Should Describe The Main Content of Manuscripts, be Informative, Concise, and not too Wordy (12-15 words only), and does not Contain Formulas
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Result
Validity of Teaching Materials

Validation of teaching materials was carried out by 4 experts to examine the feasibility of the teaching modules before being piloted in learning activities. 2 learning experts and 2 development industry experts. This study aims to provide feedback and input on the teaching materials that have been developed by researchers so that teaching materials that meet the good category and are subsequently valid for use in learning. Teaching materials can be used in the process of data collection in institutions, because the results of the analysis by experts can be said to be valid. 

[bookmark: _Hlk216442576]Table 4.1. Teaching Material Validity Assessment Data
	No
	Aspects assessed
	Validator Assessment
	Average
	Remarks
	Percentage of Agreement

	
	
	V1
	V2
	V3
	V4
	
	
	

	1
	Format
	3,7
	3,5
	3,5
	3,7
	3,6
	Highly Valid
	90%

	2
	Isi
	3,5
	3,3
	3,5
	3,5
	3,45
	Valid
	86,25%

	3
	Language
	3,5
	3,5
	3,7
	3,7
	3,6
	Highly Valid
	90%




Table 4.1 shows the average validity by the four validators for the format aspect of 3.6 with a Percentage of Agreement of 90%, the content aspect of 3.45 with a Percentage of Agreement of 86.25%, the language aspect of 3.6 with  a Percentage of Agreement of 90%. The results of this validation show that the teaching materials developed are valid so that they can be used at the implementation/research stage.
Practicality of Teaching Materials
Learning tools that have gone through a validation process by experts and obtained study results with scores or assessments in the good category, then the device can be said to be valid and can then be used for research. The practicality of the learning tool is reviewed from student responses, and obstacles in the research. The results of the analysis are in the form of a description of the average score and percentage of each aspect of data collection. The implementation of learning in this study also takes data on student readability on the teaching materials that have been developed. Students are asked to provide a readability response to this teaching material which is used by filling out student response sheets. Data on student responses to learning are contained in Table 4.2 below.


Table 4.2.  Student Response Results to Readability of Teaching Materials
	No.
	Aspects assessed
	Average Percentage
	Remarks

	1
	Ease of understanding sentences in teaching materials
	87%
	Excellent

	2
	Use of terms that are appropriate to the student's ability level
	92%
	Excellent

	3
	Absence of confusing or ambiguous sentences
	86%
	Excellent

	4
	Logical and easy-to-follow material delivery flow
	92%
	Excellent

	5
	Paragraphs are neatly arranged and not too long
	95%
	Excellent

	6
	Headings/subheadings help understand the content of the material
	93%
	Excellent

	7
	The content of the material is easy to understand without any additional help
	85%
	Excellent

	8
	Examples or illustrations help explain the concept
	91%
	Excellent

	9
	Explanation is not too complicated
	90%
	Excellent

	10
	Font size is easy to read
	95%
	Excellent

	11
	Font type is clear and doesn't strain the eye
	95%
	Excellent

	12
	Proportional spacing and margins
	95%
	Excellent

	13
	Images/diagrams support the understanding of the mater
	95%
	Excellent

	14
	Illustrations are not confusing or too dense
	90%
	Excellent

	15
	Good visual quality (contrast, brightness, and sharpness)
	90%
	Excellent

	16
	Text length is not too long or boring
	86%
	Excellent

	17
	The division of material into subsections makes it easy to read
	87%
	Excellent

	18
	The material does not seem long-winded
	90%
	Excellent

	19
	Interesting teaching materials to read
	93%
	Excellent

	20
	Delivery of material motivates to continue learning
	90%
	Excellent

	21
	The use of contextual examples makes learning relevant
	93%
	Excellent

	22
	Each part is related and supports each other
	91%
	Excellent

	23
	Transitions between topics go smoothly
	89%
	Excellent

	24
	No parts are disconnected or difficult to connect to the previous contents
	89%
	Excellent

	25
	Good and correct grammar
	90%
	Excellent

	26
	Consistent and rule-appropriate spelling
	90%
	Excellent

	27
	No writing errors that interfere with comprehension
	93%
	Excellent

	28
	The difficulty level of the text according to the student's level
	91%
	Excellent

	29
	The level of conceptual abstraction is in line with their abilities
	87%
	Excellent

	30
	No term is too technical without explanation
	93%
	Excellent

	Average percentage of student responses
	90.8%
	Excellent



Based on Table 4.2, it can be seen that the best student response to the Paragraph aspect is neatly arranged and not too long, The font size is comfortable to read, The font type is clear and does not strain the eyes, The spacing between lines and proportional margins, Images/diagrams support the understanding of the material by 95%. Meanwhile, even though all are categorized as good, some still have a score of 85% in the Content section of the material that is easy to understand without additional help. Overall student response to the readability of teaching materials with a score of 90.8%. This states that the readership response of students responds very well to the readability of the teaching materials developed.

Discussion

[bookmark: _Hlk216441731]The Validity of Teaching Materials for Environmentally Friendly Ceramic Innovations
The validation results of four validators consisting of two learning experts and two building industry experts showed that the teaching materials developed obtained the category of Valid to Very Valid in three main aspects, namely format, content, and language. These findings show that the teaching materials have met the initial feasibility standards as required in the 4-D model development study, which confirms that the expert validation stage is a critical component to ensure theoretical suitability, content accuracy, and usability prior to field implementation. Thiagarajan (1974) stated that expert validation is a formative form of evaluation that aims to improve the product before it is disseminated, so that strong validation results are the basis that the teaching material has been on the right track.
The average value of the format aspect was 3.6 with  a Percentage of Agreement of 90% indicating that the design of the teaching materials was in accordance with the principles of effective instructional design. Format aspects include layout, structure consistency, information presentation, and delivery flow. This is in line with the theory of Dick & Carey (2015) which states that the format of teaching materials must be designed to make it easier for users to process information systematically. Prastowo's (2019) research also confirms that good visual display, paragraph consistency, and material organization improve readability and speed up comprehension, which seems to be reflected in the results of validation of excellent formatting aspects.
The content aspect obtained an average score of 3.45 (86.25%), which is included in the Valid category, although slightly lower than the other aspects. This shows that the material is relevant, accurate, and in accordance with the learning objectives, but there may still be room for improvement in the depth of explanation or the accuracy of certain concepts. In the research on the development of teaching materials, the quality of the content must meet the principles  of content accuracy, relevance, and curricular alignment as conveyed by Anderson & Krathwohl (2001) in the framework of the revised Bloom Taxonomy. Research by Suryani & Nurdin (2020) on the integration of ethnoscience in teaching materials also emphasizes the importance of the relationship between scientific content and the applicable context so that the material becomes easier to understand and meaningful for students. The results of this content validation indicate that your teaching material is already in the good category, but it is still open to adjustment of the depth of the material.
The language aspect obtained a score of 3.6 (90%), indicating that the language style, sentence structure, and use of terms were in accordance with the student's ability level. The use of good language is part of the principle  of readability explained by Klare (1984), where concise, clear, and unambiguous sentences will increase readers' understanding and comfort in learning the material. Research by Wisdayana (2025) on science literacy-based teaching materials also shows that communicative and not too technical language has a significant influence on student understanding, especially in abstract or scientific materials. Excellent language validation results show that your teaching materials have met these principles.
The high percentage of agreement in all three aspects (86.25%–90%) shows that there is consistency between validators in providing assessments. This means that the experts' judgments have good reliability and are not influenced by individual biases. According to Miles & Huberman (1994),  a high agreement value indicates that validation instruments are of good quality and are used consistently by experts. Thus, the validation results not only reflect the quality of the teaching materials, but also illustrate that the validation procedure has been carried out appropriately and objectively. Overall, the validation results show that the developed teaching materials are suitable for use in the trial stage in the classroom. The high validity value in the format and language aspects, as well as the valid value in the content aspect, indicates that the teaching material has met the minimum quality standards in development research. From the perspective of formative evaluation theory, products with good validation results can be continued to the implementation stage because they have gone through a refinement process based on expert input. Thus, this teaching material has passed a critical phase in product quality and is ready to be assessed in terms of practicality and effectiveness in application in the field.

[bookmark: _Hlk216441764]The Importance of Teaching Materials for Environmentally Friendly Ceramic Materials
Students scored 95% on the paragraph structure aspect, which shows that the arrangement of ideas in each paragraph is very effective in reducing the cognitive load of students so that they can fluently understand the content of the teaching material without often returning to the previous paragraph, which is one of the indicators of the readability quality of academic texts. This is in line with the principle  of readability explained by Klare (1984) that paragraphs that focus on one main idea and are arranged coherently will facilitate the processing of information in the reader's short-term and long-term memory, and Nurhayati's (2021) research also shows that a good paragraph structure significantly improves students' understanding of science texts in scientific learning modules. Thus, your empirical findings that show a high score on paragraph structure are supported by evidence that good textual grammar is a major factor in the practicality of teaching materials in the context of higher learning, especially for materials of a technical nature such as eco-friendly brick innovations.
High student responses (90–93%) on language and term aspects indicate that the use of vocabulary, technical terms, and sentence structure in teaching materials is appropriate to students' level of understanding, thereby reducing the possibility of misinterpretation or confusion when reading complex material. This is supported by  the Plain Language theory  put forward by Redish (2000), which states that simplifying language without reducing its scientific essence can help readers absorb information faster, as well as Abdullah's (2020) research which proves that the use of clear and consistent terms in science modules can statistically improve students' readability scores. Therefore, a high score on the language aspect not only reflects the quality of your teaching materials empirically but is also consistent with the literature evidence that the right language is an important prerequisite for the development of practical and accessible teaching materials.
A score of 95% on visual elements indicates that students highly value the existence of illustrations, diagrams, neat layouts, comfortable to read font sizes, and proportional margins and spacing so that the reading experience is not only informative but also visually comfortable, which reinforces the understanding of the concepts described in the text. These findings are consistent with  the Cognitive Theory of Multimedia Learning from Mayer (2009), which states that simultaneous presentation of text and visuals optimizes information processing through dual channels, as well as the findings of Asilestari et al. (2024) who found that visual quality in science teaching materials contributes significantly to improving conceptual understanding. Therefore, the high score on the visual design aspect supports the argument that good graphic appearance and layout are important contributors to the practicality of teaching materials that are ready to be further tested in the classroom context.
Students rated the flow of material delivery and the transitions between chapters as excellent (more than 90%), indicating that the material is arranged in a logical order from basic concepts to practical applications so that readers can build a knowledge framework gradually without confusion, which is important in technical and multi-dimensional materials such as sugarcane-based building material innovations. This stance is supported by the instructional design theories of Gagné (1985) and Dick & Carey (2015) which emphasize that the structure of the material must be sequential and sequential to facilitate the internalization of effective learning, as well as by Karlina & Dewi's (2024) research on contextual e-books that show a positive relationship between a good flow of material and students' increased understanding of concepts that are relatively new to them. Thus, your empirical findings on the logical flow aspect not only demonstrate the high quality of the teaching material but are also consistent with the scientific evidence that supports the importance of systematic material structure.
A score of 90–93% on the relevance and motivation indicators shows that students feel that the material in the teaching materials is not only easy to read, but also relevant to real experiences and local contexts such as the utilization of sugarcane husk waste as well as technopreneurship opportunities, which triggers an intrinsic interest in digging further. This is supported by Contextual Teaching and Learning Theory (Johnson, 2002), which states that material is easier to understand and internalize when the context is directly related to the student's real world, as well as by research by Wong & Rahayu (2025) which reports that contextual-based e-books significantly increase motivation and learning engagement compared to abstract modules. Therefore, the contextual relevance of your teaching materials not only empirically increases student engagement but is also supported by empirical evidence that the relationship between academic concepts and real context is able to consistently increase motivation to learn.
The overall score of 90.8% shows that in general, the teaching materials developed are very practical to use by students in the context of actual learning, including ease of reading, understanding of concepts, cognitive and affective involvement, and the ability to connect the material with their real-life context. This score is quite high when compared to the minimum standards of practicality commonly used in instructional development research (≥80%), which is often the threshold for being usable in field trials or extensive implementation, and it is consistent with previous research that has shown a close correlation between the practicality score and the effectiveness of the use of teaching materials in project-based learning or case studies (e.g. in the science and technology material literature). Based on instructional design theory and empirical evidence, teaching materials that have high readability scores tend to result in more effective learning experiences, reinforcing the decision that your product is ready for implementation, effectiveness evaluation, or further research.
CONCLUSION
This research produced teaching materials in the form of a reference book Environmentally Friendly Brick Ceramic Innovation: Synthesis and Economic Value of Adding Sugarcane Husks which was developed through a systematic 4D model. The validation results showed that the teaching materials were in the valid to very valid category, while the results of the practicality test showed that the students' response in the category was very good, so that the teaching materials were declared feasible and practical to be used in learning. The integration of the concept of material synthesis based on sugarcane husk waste with ethnoscience and technopreneurship perspectives provides reinforcement for contextual, applicative, and sustainability-oriented applied science learning. Conceptually, the development of these teaching materials contributes to increasing the relevance of science learning to environmental and local economic problems, as well as supporting the strengthening of the role of higher education in preparing students who have scientific understanding, environmental sensitivity, and entrepreneurial insights based on environmentally friendly innovations.
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