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Abstract: Biology learning in high school often faces challenges due to students’ reliance on teacher explanations and 

conventional textbooks, which tend to be less engaging and limit the development of critical and entrepreneurial skills. To 

address this issue, innovative teaching materials are needed that not only improve students’ understanding of biological 

concepts but also foster creativity and independence through entrepreneurship-based approaches. This study aims to 

develop and test the validity of biopreneurship-based biology teaching materials for high school students. The research 

employed a 4D development model (Define, Design, Develop, and Disseminate) with a focus on the first three stages. 

Validation of the teaching materials was conducted by three expert validators using questionnaires, and the results were 

analyzed with the Aiken index. The construct validity assessment produced values ranging from 0.58 to 0.94, while content 

validity ranged from 0.63 to 0.75, both categorized as valid. Additionally, the readability test using the Flesch-Kincaid 

Grade Level showed that most of the text fell within the easy-to-moderate range, making it suitable for high school 

students. These findings indicate that the developed materials meet the scientific and pedagogical standards required for 

classroom use. Furthermore, the integration of biopreneurship elements into the biology content provides an innovative 

approach that not only enhances students’ conceptual understanding but also motivates them to develop an entrepreneurial 

spirit, particularly in managing biological resources. Overall, this study concludes that the developed teaching materials are 

valid, relevant, and beneficial for high school biology learning, making biology both meaningful and applicable to students’ 

real-life contexts. 
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Introdaction 
  

Teaching materials are a fundamental element in the 

biology learning process, serving not only as organized 

sources of information but also as tools to foster creativity, 

critical thinking, and problem-solving skills among 

students. Effective teaching materials should be relevant, 

contextual, and designed to encourage student 

independence and engagement. In biology education, the 

use of diverse instructional materials such as textbooks, 

laboratory apparatus, digital resources, and multimedia has 

been shown to enhance active learning and deepen 

students’ understanding of scientific concepts [1][2][3]. 

However, relying solely on printed materials can limit 

student interaction and impede effective learning, 

highlighting the need for a broader range of resources, 

including digital and inquiry-based materials [4],[5].  

 Biology education in schools continues to rely 

predominantly on teacher-centered explanations and 

conventional textbooks. This traditional approach often 

yields a monotonous learning environment, limiting student 

engagement and making it challenging for learners to grasp 

complex biological concepts, such as scientific 

terminology, biological mechanisms, and data 

interpretation. Consequently, students’ scientific literacy 

remains underdeveloped, and their entrepreneurial potential 

is largely untapped. These challenges are particularly 

concerning given the demands of the 21st century, which 

require students to be creative, independent, and adaptable 

in response to limited employment opportunities after 

graduation [6], [7]. 

 The creation of creative teaching modules, the use of 

contextual learning techniques, and the application of 

project-based learning models are some of the alternative 

solutions that have been proposed to solve these problems 

[8], [9]. One promising solution is the integration of 

entrepreneurship education into biology learning, often 

referred to as biopreneurship. This approach not only 

provides students with meaningful and relevant learning 

experiences but also equips them with entrepreneurial skills 

by encouraging the transformation of biological resources 

into products or services with economic value [10], [11]. 

 Recent studies have demonstrated the effectiveness 

of entrepreneurship-based teaching materials. For example, 

integrating entrepreneurship into biology curricula has been 

shown to enhance student engagement, motivation, and 

learning outcomes, as well as to increase entrepreneurial 

interest and self-efficacy [12]. These findings underscore 

the importance of combining scientific content with 

entrepreneurship education to foster both cognitive and 

practical competencies in students, preparing them for 

future challenges and opportunities. 

 The novelty of this study lies in the development of 

biopreneurship-based biology teaching materials that 

integrate entrepreneurial values with biotechnology content, 

aligning with the Merdeka Curriculum and the Pancasila 
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student profile values. Unlike conventional textbooks, these 

teaching materials are designed not only to improve 

students’ conceptual understanding but also to foster 

entrepreneurial competencies through contextual biological 

applications. Therefore, this study aims to develop and 

validate biopreneurship-based biology teaching materials 

for high school students by assessing their construct 

validity, content validity, and readability. 

 

Research Method  
 

This study employed a Research and Development 

(R&D) design using the 4D model (Define, Design, 

Develop, and Disseminate) proposed by Indaryanti et al. 

[13]. The study was limited to the first three stages, namely 

define, design, and develop, as the focus was on producing 

valid and feasible teaching materials. The research was 

conducted at SMA Negeri 1 Gunungsari, where 

observations and interviews were carried out with biology 

teachers and students to identify existing problems in the 

use of teaching resources. 

The define stage involved identifying learning needs 

and challenges, particularly in the biotechnology topic. 

Data collection included classroom observations, teacher 

interviews, and curriculum analysis to determine learning 

objectives and competency standards. The design stage 

focused on creating a prototype of the biopreneurship-based 

teaching materials by selecting the content, structure, 

format, and media. At this stage, the module components 

included learning objectives, biopreneurship-oriented 

content, student worksheets, assessments, and a glossary. 

The development stage emphasized expert validation and 

product improvement. The validation process was 

conducted by three expert validators who assessed construct 

validity and content validity using questionnaires. Construct 

and content validity were analyzed using the Aiken index 

[14], which categorized results as less valid (V ≤ 0.4), valid 

(0.4 ≤ V ≤ 0.8), and very valid (0.8 ≤ V ≤ 1). 

In addition, the readability test was conducted using 

the Flesch-Kincaid Grade Level formula to measure the 

complexity and suitability of the language for high school 

students [15]. This ensured that the materials were 

accessible and understandable for the target users. The 

effectiveness of the developed teaching materials was 

further tested through a quasi-experimental design with a 

pretest-posttest control group. The experimental class used 

the developed materials, while the control class used 

conventional textbooks. Data were analyzed using the 

normalized gain (N-Gain) formula to determine learning 

improvement [16]. The effectiveness criteria followed 

Hake’s classification, namely high (g ≥ 0.7), medium (0.3 ≤ 

g < 0.7), and low (g < 0.3). 

 

Results and Discussion 

 

Overview of the Developed Product 

 

The product developed in this study is a 

biopreneurship-based biology teaching material designed 

for high school students, specifically for the biotechnology 

topic. The teaching material was structured in accordance 

with the Merdeka Curriculum and the values of the 

Pancasila student profile, which emphasize critical 

reasoning, creativity, independence, and collaboration. The 

main purpose of the product is to make biology learning 

more meaningful by connecting biotechnology concepts 

with entrepreneurial applications that are relevant to 

students’ daily lives. 

The developed teaching material consists of several 

main components: (1) a cover page displaying the identity 

of the module and its biopreneurship focus, (2) usage 

instructions for students and teachers, (3) learning 

objectives and initial competencies, (4) biotechnology 

content covering both conventional and modern 

biotechnology, (5) student worksheets (LKPD) to promote 

active learning and problem-solving, (6) evaluation 

questions for formative and summative assessment, and (7) 

a glossary of terms to help students understand biological 

terminology. Each component was designed to be clear, 

systematic, and easy to follow, ensuring that students can 

understand the biology content. 

 

Product Samples and Descriptions 

To provide a clearer illustration of the developed 

product, several examples of the biopreneurship-based 

biology teaching material are presented (Figures 1–7). 

Figure 1 illustrates the cover page, which highlights the 

module's identity and its focus on integrating biology with 

entrepreneurial values. Figure 2 presents the table of 

contents, offering a systematic overview of the material 

structure, including biotechnology concepts, learning 

objectives, activities, and evaluations. Figure 3 displays the 

user guide, which provides instructions for both teachers 

and students on how to utilize the module effectively during 

classroom learning. 

Figure 4 presents a sample excerpt of the 

biotechnology material, which explains concepts using 

accessible language and contextual examples, making it 

easier for students to connect scientific content with real-

life applications. Figure 5 shows a sample of the student 

worksheet (LKPD) designed to guide learners in problem-

solving and project-based tasks. These activities require 

students to design small-scale products, thereby reinforcing 

their mastery of biotechnology while cultivating 

entrepreneurial skills. 

Furthermore, Figure 6 illustrates the evaluation 

section, which contains both multiple-choice and essay 

questions designed to assess students’ conceptual 

understanding, analytical skills, and ability to apply 

biological concepts in entrepreneurial contexts. Finally, 

Figure 7 presents the glossary, which compiles key 

biological and entrepreneurial terms used in the module, 

helping students overcome difficulties in understanding 

technical vocabulary. 

The creation of creative teaching modules, the use of 

contextual learning techniques, and the application of 

project-based learning models are among the alternative 

solutions proposed to address these issues. The integration 

of biopreneurship into the module encourages students to 

view biology as a subject that has direct links to their daily 

lives and future career opportunities. 
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Figure 1. Cover page of the biopreneurship-based biology 

teaching material 

 

 

 

 

Figure 2. Table of contents of the developed teaching 

material 

  
Figure 3. User guide of the module for teachers and students 
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Figure 4. Sample excerpt of biotechnology material in the 

module 

Figure 5. Sample student worksheet (LKPD) from the 

developed product 

 

  
Figure 6. Sample evaluation section containing multiple-

choice and essay questions 

Figure 7. Glossary of biological and entrepreneurial terms 

included in the module 
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The inclusion of biopreneurship components in 

biology education products demonstrates a deliberate effort 

to deliver not only scientific content but also to develop 

student competencies aligned with the demands of 21st-

century learning. Integrating biopreneurship encourages 

students to perceive biology as a subject with direct 

relevance to daily life and future career opportunities, 

fostering both scientific and entrepreneurial mindsets [17]. 

Biopreneurship-based learning has been shown to 

enhance a range of student competencies. For example, 

project-based biopreneurship modules and activities 

significantly improve students’ entrepreneurial literacy, 

creativity, and motivation [18]. These modules are designed 

to be contextual and interactive, allowing students to apply 

biological concepts in real-world scenarios, such as 

transforming biological resources into marketable products 

or services [19]. This approach not only increases 

engagement but also helps students develop critical 

thinking, problem-solving, and collaboration skills, key 

competencies for the 21st century [20]. 

Furthermore, the integration of biopreneurship in 

biology education supports the development of life skills 

and scientific literacy. Studies have found that students 

exposed to biopreneurship learning show improvements in 

decision-making, independence, and the ability to connect 

scientific knowledge with entrepreneurial opportunities 

[21]. The use of innovative teaching materials, such as 

comics, e-books, and augmented reality, further enhances 

the effectiveness of biopreneurship education by making 

learning more interactive and accessible [22]. 

 

Construct Validity Results 

 

The construct validity analysis was conducted to 

evaluate whether the developed biopreneurship-based 

biology teaching material met the requirements of structural 

feasibility and systematic organization. This assessment 

was conducted by three expert validators, who reviewed 

several aspects, including learning content, component 

integration, clarity of instructions, format and presentation, 

language and terminology, as well as the measurability of 

activities and evaluations. The results of the assessment, 

analyzed using Aiken’s V Index, are presented in Table 1.

 

Table 1. Construct Validity Results 

No Rated aspect Aiken’s Index Category 

1 Learning material 0.70 Valid 

2 Component Integration 0.94 Valid 

3 Clarity of Instructions 0.79 Valid 

4 Format and presentation 0.58 Valid 

5 Language and terms 0.70 Valid 

6 Measurability of activities and evaluation 0.62 Valid 

 

Based on Table 1, all aspects assessed in the 

construct validity test fall within the valid category, with 

Aiken’s Index ranging from 0.58 to 0.94. The highest score 

was obtained in the aspect of component integration (0.94), 

indicating that the relationship between sections in the 

teaching material was highly coherent and logically 

arranged. This suggests that the developed product 

successfully integrated different components, objectives, 

materials, activities, and assessments into a cohesive and 

meaningful learning resource. However, the lowest score 

was found in the format and presentation (0.58), which, 

although still valid, shows that the product requires further 

improvement in visual design and layout to increase its 

attractiveness and readability for students. 

When compared with previous studies, the present 

findings reveal both consistencies and distinctions 

regarding the development of entrepreneurship-based 

teaching materials. Similar to the results reported by 

Suticha and Abidin, entrepreneurship-oriented teaching 

resources are generally valid in terms of integration and 

content structure; however, these authors noted that visual 

presentation is often neglected during the development 

process, which can limit student engagement and the 

overall effectiveness of the materials [23]. Highlighted that 

while the structural organization of biotechnology modules 

is robust, improvements in layout and visual clarity are 

necessary to optimize student motivation and learning 

outcomes [24]. 

These observations are echoed in other research, 

which emphasizes that although content validity and 

structural feasibility are frequently achieved, the visual and 

design aspects of teaching materials require greater 

attention to fully support student learning [25]. For 

instance, studies on entrepreneurship modules and 

economic teaching materials have found high scores for 

content and presentation validity, yet also stress the 

importance of attractive, clear, and well-organized visual 

elements to enhance usability and student interest [26].  

In conclusion, the construct validity analysis 

demonstrates that the developed teaching material is 

structurally feasible and valid for use in high school biology 

learning. The main strength lies in the high integration 

between components, while the limitation is in the 

presentation format, which still needs refinement. The 

implication of this result is that future improvements should 

focus on enhancing visual design and layout, such as the 

use of more attractive graphics, colors, and systematic 

arrangements, to further support the effectiveness of the 

product in classroom learning.  

 

Content Validity Results 

 

The content validity analysis was conducted to 

assess the suitability of the developed teaching material in 

terms of accuracy, completeness, and relevance to learning 

objectives and student contexts. This stage is crucial to 

ensure that the material not only covers biotechnology 

concepts but also incorporates entrepreneurial elements in a 

manner that is both scientifically accurate and 

pedagogically suitable. Three expert validators assessed the 
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content using a questionnaire, and the results were analyzed 

with Aiken’s V Index. The detailed findings are presented 

in Table 2. 

 

Table 2. Content Validity Results  

No  Rated aspect Aiken’s Index Category 

1 Suitability of Material with CP and Objectives 0.69 Valid 

2 Truth and Accuracy of Material 0.70 Valid 

3 Integration and interconnectedness of material 0.75 Valid 

4 Completeness and Adequacy of Information 0.69 Valid 

5 Relevant to Student Context and Environment 0.63 Valid 

 

The results in Table 2 indicate that all aspects of 

content validity achieved scores within the valid category, 

with Aiken’s Index values ranging from 0.63 to 0.75. The 

highest score was recorded for the integration and 

interconnectedness of content (0.75), indicating that the 

material effectively connected biotechnology topics with 

biopreneurship in a coherent and meaningful manner. This 

is important because content integration provides students 

with a holistic understanding of how scientific knowledge 

can be applied in real-life entrepreneurial contexts. On the 

other hand, the lowest score was obtained in relation to the 

student's context and environment (0.63). Although 

categorized as valid, this aspect indicates that the material 

still requires improvement in adapting examples and case 

studies to be more closely related to students’ daily 

experiences. 

When compared with previous studies, the findings 

on biopreneurship-based teaching materials show both 

alignment and divergence regarding contextual adaptation 

and content validity [27]. Several studies confirm that these 

materials are scientifically accurate and pedagogically 

sound, with high validity scores in content, structure, and 

language, making them suitable for high school biology 

learning [28]. The integration of biotechnology and 

entrepreneurial concepts is consistently identified as a 

major strength, supporting the development of students’ 

scientific literacy, entrepreneurial motivation, and life skills 

[18]. This integration is in line with the objectives of 21st-

century education, which not only emphasizes knowledge 

acquisition but also the cultivation of creativity, problem-

solving abilities, and the capacity to apply science in real-

world contexts. 

However, contextual adaptation remains a recurring 

challenge. Research highlights that while modules are valid 

in terms of accuracy and integration, further refinement is 

often needed to make the content more relatable to 

students’ social and environmental contexts [17]. For 

example, some studies report that although the teaching 

materials are well-structured and effective in increasing 

student creativity and cognitive abilities, they may lack 

sufficient contextual relevance to students’ everyday lives 

and local environments [29]. This limitation can reduce the 

effectiveness of learning because students may perceive the 

material as abstract and disconnected from their lived 

experiences. As a result, the full potential of 

biopreneurship-based teaching materials in fostering 

independence and entrepreneurial spirit is not optimally 

realized. 

In contrast, other research demonstrates that 

contextual relevance can be a strong aspect when materials 

are specifically designed with local examples and real-life 

applications, leading to higher student engagement and 

practical skill development [30]. Studies that incorporate 

community-based projects, local biological resources, and 

culturally relevant entrepreneurial practices often show 

better outcomes in terms of both academic achievement and 

entrepreneurial interest. This indicates that the effectiveness 

of biopreneurship-based teaching materials is highly 

dependent on the extent to which they are contextualized to 

students’ realities.  

 

Readability Test Results 

 

The readability test was conducted to evaluate 

whether the language and sentence structures used in the 

developed biopreneurship-based biology teaching material 

were suitable for high school students. Readability is an 

important aspect to ensure that students can easily 

comprehend the information provided without unnecessary 

complexity. The Flesch-Kincaid Grade Level formula was 

used to measure the readability level of the text. The results 

are presented in Table 3, which shows the readability scores 

across different sections of the material.  

 

Table 3. Flesch-Kincaid Grade Level Readability Test Results 

No  Topic Score Category  Age (Year) 

1 P-1 50.2 easy to understand 17-18  
2 P-2 26.3 difficult to understand 20-21 

3 P-3 24.4 difficult to understand 20-21 

4 P-4 51.2 easy to understand 18-19 

5 P-5 34.1 easy to understand 20-21 

6 P-6 35.0 easy to understand 19-20 

7 P-7 34.3 easy to understand 18-19 

8 P-8 56.3 easy to understand 15-16 

9 P-9 40.8 easy to understand 18-19 

10 P-10 37.0 easy to understand 19-20 
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The results in Table 3 show that the readability 

scores of the developed material ranged from 24.4 to 56.3. 

Most sections fall into the easy-to-understand or moderate 

category, indicating that the text is generally suitable for 

high school students. The highest score was obtained in the 

section Examples of Conventional Biotechnology Products 

(56.3), which suggests that the topic was presented in 

simple and familiar language for students aged 15–16. On 

the other hand, the lowest score was found in the Modern 

Biotechnology section (24.4), categorized as difficult to 

understand and requiring the comprehension level of 

university students. This finding suggests that certain 

aspects of the content should be simplified further to align 

with the reading abilities of high school learners. 

The issue of readability in high school biology 

materials is a common concern, as many students struggle 

with technical terminology and complex sentence 

structures, which can hinder comprehension and 

engagement [31]. Studies have shown that biology 

textbooks and modules often fall into the "medium 

difficulty" category, indicating that while some sections are 

accessible, others remain challenging for students at this 

level [32]. For example, research on electronic and printed 

biology textbooks found that certain texts were appropriate 

for the intended grade, but others were either too easy or 

too difficult, highlighting inconsistencies in readability 

across different materials [33]. 

Efforts to improve readability have focused on 

simplifying language, shortening sentences, and reducing 

the use of highly technical terms, all while maintaining 

scientific accuracy. The integration of contextual examples 

and local wisdom, as seen in the development of e-books 

and digital teaching materials, has been shown to enhance 

both readability and student engagement by making content 

more relatable and easier to understand [34]. Additionally, 

the use of visuals, diagrams, and interactive elements in 

digital resources further supports comprehension and 

increases students’ positive responses to the material [29]. 

In summary, while the majority of high school 

biology teaching materials are generally suitable for 

students, specific sections, particularly those covering 

advanced topics, may require further revision to enhance 

accessibility. Simplifying language, incorporating more 

visuals, and providing real-life examples are recommended 

strategies to enhance readability and support student 

learning [35]. 

 

Conclusion 
 

Biopreneurship-based biology teaching materials are 

valid and suitable for high school students, aligning with 

the curriculum and student needs, providing engaging 

presentations, being relevant to the students' environment, 

and encouraging an entrepreneurial spirit in biology. 

Biopreneurship-based biology teaching materials are 

suitable for high school students in terms of construct and 

content validity. 
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