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Abstract 
The objectives of this research were to 1) develop a learning unit to promote biodiversity use in agricultural 
ecosystems, 2) assess student learning outcomes related to their knowledge of biodiversity in agricultural 
ecosystems and to their skills of knowledge management, and 3) evaluate the impacts of learning to manage 
biodiversity in agricultural ecosystems on cultivators. 
Agriculture is a major occupation in Thailand. Knowledge about utilizing biodiversity in an agricultural ecosystem 
is essential for safe food consumption. Teachers play a vital role in developing and managing learning 
opportunities for cultivators, leading to participatory learning. Important components of learning management are 
teachers, learning sources in the local community, learning units about managing agricultural ecosystem 
biodiversity, and collaborative learning assessments for developing the learning units. This study develops learning 
outcomes at secondary schools to address the use of biodiversity in agricultural ecosystems along with agricultural 
methods and teaching skills related to sustainable agricultural learning management. Teaching skills have been 
improved through the guideline Encouraging Learning Outcomes for Biodiversity in Agricultural Ecosystems, in 
accordance with the sustainable development goals of the United Nations. 
Keywords: educational framework, agricultural, biodiversity, ecosystems 
1. Introduction 
Thailand is one of 193 nations that has made a commitment to achieving sustainable development goals by the 
2030s. To do so, a committee for sustainable development was set up to support the goals. Additionally, Thailand 
signed in the international meeting “Rio +20,” which was established in 2012 to address food security relating to 
the use of agricultural biodiversity (Kimble, 2014). This is compatible with biodiversity conservation (Sadik & 
Sadik, 2014), which encourages the use of biodiversity to change cultivators’ methods for using resources because 
agriculture is a major occupation in Thailand. Therefore, knowledge of agriculture is important because it leads to 
sustainable agriculture, which supports sustainable development goals (SDGs; UNESCO, 2024). Moreover, 
environmental problems have continually increased due to population growth and industrial and technological 
development (Sadik & Sadik, 2014). An additional problem is biodiversity loss caused by agricultural expansion 
and pests. These critical issues impact economic and agricultural ecosystems. Thus, knowledge about utilizing 
biodiversity for sustainable agriculture is essential to help the next generation of farmers solve these problems 
(Burel et al., 2013; Lago et al., 2019; Li et al., 2019; Luangduangsitthideth et al., 2019; Pinkerton et al., 2018).  
Biodiversity is a significant factor supporting sustainable agriculture (Bareille & Letort, 2018), necessitating a 
strategy for biodiversity conservation (Gough, 2017). In the case of Thailand, the topic of biodiversity has been 
established in the educational core curriculum and learning management of both formal and informal educational 
systems. Biodiversity lessons comprise three main topics: environmental education, communication, and 
participation (Jiméneza et al., 2015). These topics are included in lessons, integrated learning activities, and active 
learning (Jiméneza et al., 2015; Selby & Kagawa, 2018). Moreover, the process of activity-based learning 
encourages positive results and attitudes (Meekaew, 2018). For instance, outdoor activities provide experiences to 
students and improve knowledge management skills for teachers and cultivators (Wilson & Monroe, 2005). 
Teachers become more skillful at participatory teaching by applying role playing and fragmented learning (Yli-
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Panula et al., 2018). Additionally, the teaching method needs to be suitable to the student’s ability if it is to support 
learning, build awareness, and encourage positive attitudes toward biodiversity management (Gough, 2017; Hails, 
2018; Malcom, 2001). The actions of teachers and the participation of cultivators lead to learning management. 
Furthermore, it is the teachers’ responsibility to manage cultivators’ knowledge and develop tools and guidelines 
to encourage the sustainability of biodiversity (Gough, 2017; Lago et al., 2019). Subsequently, students learn how 
to use biodiversity from local cultivators through activity-based learning (McGibbon & Belle, 2015). Additionally, 
learning management can be taught through agricultural geography, which helps to explain the differences among 
the agricultural products that cultivators grow (Crofts, 2014; Hayat et al., 2019). Schaal et al. (2012) proposed 
learning integration between schools and cultivators to develop knowledge about biodiversity in agricultural 
landscapes with a method of enquiry-based learning and by using technology as a tool to support learning 
management. This method creates teacher and student participation in the use of local biodiversity in agricultural 
landscapes. Also, it is an opportunity to deliver knowledge to the local youth (Nuraeni, 2018; Ontario EcoSchools, 
2019). The agricultural ecosystem surrounding the schools is suitable for learning management, as can be seen 
from the ingredients of meals that the schools provide to students to educate them about vegetative ecosystems 
(Fischera et al., 2019). 
Managing knowledge and changing the behavior of biodiversity utilization are pivotal for community participation 
(Singh & Rahman, 2012). Knowledge about forecasting the times and risk zones for pest infestation is essential 
for reducing future costs (Johnson, 2010). Therefore, the objectives of this research are to 1) develop a learning 
unit to promote biodiversity utilization in agricultural ecosystems, 2) assess learning outcomes related to 
biodiversity in agricultural ecosystems and to the skills of knowledge management of students, and 3) evaluate 
impacts of knowledge management related to biodiversity in agricultural ecosystems on cultivators. This study 
also supports sustainable development and food security in accordance with the sustainable development goals of 
the United Nations as stated in Goal 4 (Quality education), Goal 12 (Responsible consumption and production), 
and Goal 15 (Life on land; UNESCO, 2024).  
2. Methods 
2.1 Target Sample 
Twenty-four students from grades 7 to 9 and one teacher from each school were selected to participate in this 
research. Additionally, teachers from the science and social studies departments, or those interested in participating, 
were invited. Three cultivators were included, representing different ecosystems: 1) the rice field ecosystem, 2) 
the vegetable ecosystem, and 3) the orchards ecosystem. Furthermore, three curriculum development experts were 
involved: an education specialist, a teacher with expertise in curriculum development, and a professor specializing 
in curriculum development. 
2.2 Identify Subsections 
Teachers play a role in developing a learning process by applying research along with knowledge gained during 
the field study with the cultivators. This process helps to obtain learning outcomes that can change the behavior 
of teachers, students, and cultivators in utilizing biodiversity. The process consists of four steps, including studying 
general information about agriculture, developing learning units about utilizing biodiversity in agricultural 
landscapes, testing the learning units, and assessing and improving the learning units with cultivators to create “the 
best practice” for utilizing biodiversity in agricultural ecosystems in a sustainable way, as presented in Figure 1.  
 

 
Figure 1. The Process of Knowledge Management to Encourage Learning Outcomes for Biodiversity in 

Agricultural Ecosystems 
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2.3 Sampling Procedures and Research Design 
Encouraging Learning Outcomes for Biodiversity in Agricultural Ecosystems is an example of action research. 
Prior to conducting the fieldwork and interviews, all key questions had been approved by Mahidol University 
Center for Ethical Reinforcement for Human Research and Institutional Review Boards (MU-IRB). The research 
process was divided into three steps as follows:  
Step 1: The data of biodiversity utilization in the agricultural ecosystem were collected. Such ecosystems included 
rice fields and vegetable and perennial ecosystems. Ten cultivators for each ecosystem were selected with a chain 
sampling method. This method was suggested by the agricultural extension officer and carried on to the next 
cultivators. Subsequently, a focus group discussion and in-depth interviews with the cultivators were conducted. 
Key topics included characteristics of the ecosystem, living organism components of the ecosystem at different 
production seasons, methods of management (from soil preparation to management after harvesting and to using 
ecological products), and specifying learning methods and recording data. Then, the data from the interviews and 
focus group discussion were analyzed by content analysis. 
Step 2: Participatory action research was conducted to develop the curriculum of “Encouraging Learning 
Outcomes for Biodiversity in Agricultural Ecosystems” with the collaboration of science and social studies 
teachers and three experts in curriculum development. After the curriculum was examined by the experts, it was 
adjusted prior to use with students from grades seven to nine. 
Step 3: In-depth interviews were conducted with cultivators who possessed sources of agricultural information 
related to places the students had visited. The key questions included biodiversity management to assess the 
behavioral changes in the use of biodiversity after attending the learning unit. The research process was carried 
out as presented in Figure 2.  
 

 
Figure 2. Research methodology 

 
2.4 Research Tools 
1) Key questions were designed for group discussion to evaluate the learning method and biodiversity management 
of cultivators and to select learning sources. 
2) Tools for recording biodiversity data were created for students, including a questionnaire, observation form, 
seasonal calendar, biodiversity map, cross section photograph, and important agricultural activities. 
2.5 Data Analysis 
1) Qualitative data from the group discussion, interviews, and learning unit assessments were analyzed by content 
analysis and descriptive analysis.  
2) Quantitative data was analyzed by descriptive analysis consisting of means and standard deviations. 
The students’ work was evaluated and compared by one simple t-test analysis. 
3. Results 
3.1 An Educational Framework Promoting Biodiversity in Agricultural Ecosystems 
The learning unit for management of biodiversity focused on students learning from their communities. The 
students had opportunities to interact with community members, recall their knowledge of what they had learned, 
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practice self-study, improve language and communication skills, and play roles in knowledge management and 
communication for problem-solving in their local communities. To implement the learning unit, five subunits were 
designed that took approximately 12 hours to complete. Additional learning hours were added so that students 
could learn more from cultivators. Further detail about the learning unit is presented in Table 1 and Figure 3. 
 
Table 1. Learning Unit  
Content Learning activities 
Subunit 1: Study biodiversity utilization of cultivators in a study area (2 hours) 
1) General information of a study area related to the practice of 
agriculture 
2) Information from cultivators in the study area about biodiversity and 
three types of agriculture; rice fields, orchards, and vegetable 
plantations.  
3) Problems with and comparisons between monoculture and 
integrated agriculture.  
4) Significant information for cultivators on selecting species for 
cultivation and on species that should be cultivated 
5) Biodiversity use in the study area, including data of the cultivators 
for decision-making in cultivation 
6) Assumption: improvement in data recording would help cultivators 
sell more biodiversity products. 

1) Provide general information of the study area about suitability 
in land use for agriculture. 
2) Conduct a student group discussion on suitability of the study 
area for agriculture. 
3) Plan a map activity about biodiversity and the location of a 
student’s house.  
4) Describe problems and comparisons between monoculture 
and integrated agriculture. 
5) Provide biodiversity information about the study area to 
students. 
6) Conduct a student group discussion on the topic “An 
improvement in data recording would help cultivators gain more 
biodiversity products.”  
7) Divide students into three groups and assign one question to 
each group. 
8) Select questions to set goals for the study in accordance with 
students’ assumptions.  

Subunit 2: Planning for data collection (2 hours) 
1) Sample selection from two villages adjacent to schools 
2) Scope of the study  
3) Specified study method  
4) Questionnaire for cultivators design 

1) Revise learning unit one and the selected questions by each 
student group.  
2) Describe general information about the administrative region, 
agriculture, and cultivators in the study area.  
3) Conduct a student group discussion to specify the scope of the 
study.  
4) Describe the tools and methods of biodiversity data collection 
to the students.  
5) Conduct a student group discussion to select and specify tools 
and methods for interviews according to the target goal of each 
group. 

Subunit 3: Data collection (2 hours) 
1) Classroom questionnaire test  
2) Cultivator data collection 

1) Divide students into groups to test a questionnaire in a 
classroom. Then, adjust and correct as appropriate.  
2) Divide students into groups to collect data from the 
cultivators. 

Subunit 4: Study conclusion (2 hours) 
1) Existing information from the cultivators on selecting cultivated and 
uncultivated species including details of each species  
2) Methods that cultivators use to record information (how many 
methods and frequency of each method) 
3) The crop calendar of each cultivator  
4) Discussion of assumptions  
5) Recommendations for the improvement of the cultivators’ 
recordkeeping  

1) Collect data from the cultivators by using selected tools.  
2) Divide students into groups to review the information 
received from the cultivators and determine whether it is 
different or similar to students’ assumptions and 
recommendations for cultivators’ improved recordingkeeping. 
3) Invite the cultivators who were interviewed to participate in a 
meeting to receive data back from the students.  

Subunit 5: Presentation of the returning data and evaluation of the students’ learning and recommendations (4 hours) 
1) Appointments with cultivators, including a meeting location  
2) Media and presentations  
3) Evaluation forms for students’ learning and recommendations  
4) A meeting and an evaluation  
5) Summary of the meeting results 

1) Divide the students into groups to analyze information from 
the cultivators and create media for presentation.  
2) Conduct a meeting to evaluate students’ learning and 
recommendations.  
3) Divide students into groups to summarize the meeting results.
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Figure 3. The Educational Framework for Promoting Biodiversity in Agricultural Ecosystems 

 
3.2 Evaluation Results 
The evaluation results of the learning unit on the utilization of biodiversity by cultivators in Phutthamonthon 
District by specialists received a mean score of 4.02, which is a good level. The specialists made the following 
recommendations.  
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Table 2. Evaluation Results of the Learning Unit  
No. Lists of Evaluation M(SD) Level of 

suitability 
1 Learning unit is complete and suitable, and the details relate to each other. 4.20(.44) Good 
2 Learning management plan relates to specified learning units. 4.00(0) Good 
3 Learning management plan comprises all important components, which relate to each other. 4.00(0) Good 
4 Writing about the plan’s important content is accurate. 3.80(.83) Good 
5 The grade-level indicators, interval indicators, and learning outcomes cover the content and help 

learners develop Knowledge Practice Attitude. 
3.80(.44) Good 

6 Learning objectives develop the knowledge, skills, processes, and attitudes of students. 4.40(.54) Very good 
7 The content is suitable to the time duration and grade-level indicators, interval indicators, and 

learning outcomes. 
4.40(.54) Very good 

8 Learning activities from the first to last steps follow a process of learning management or separate 
into different steps as appropriate.  

4.00(.70) Good 

9 Learning activities are suitable to the content and to the educational levels of the students.  4.00(0) Good 
10 Learning activities are diversified and practical and help develop the knowledge, processes, and 

attitudes of learners.  
3.60(.54) Good 

11 Learning activities support the thinking process of students.  4.00(0) Good 
12 Learning activities insert ethics in accordance with desirable social attributes. 4.20(.44) Good 
13 Activities focus on students’ learning from real practice.  4.40(.54) Very good 
14 The learning management plan specifies tools, equipment, media, and diversified learning sources 

that are suitable and compatible with the content and the learning activities. 
3.80(.44) Good 

15 Students use media and learning sources by themselves.  4.40(.54) Very good 
16 The learning management plan assigns suitable tasks and duties. 4.00(0) Good 
17 Students design tasks based on their knowledge and creativity instead of following their teacher’s 

instructions or working on assignment sheets.  
4.20(.44) Good 

18 The measurements and assessments relate to standards, indicators, and learning outcomes 
appropriately.  

3.40 (.89) Moderate 

19 Students participate in measurement and assessment. 3.60(.54) Good 
20 The learning unit has a management plan to develop learning effectively.  4.20(.44) Good 
Total 4.02(.41) Good 
 
3.3 Learning Outcomes from the Educational Framework to Promote Biodiversity in Agricultural Ecosystems with 
Teacher Participation in the Activities 
Regarding assessment of the students’ learning outcomes, the teachers who participated in the research observed 
the students’ performance and examined their work at every step. Four criteria were used to evaluate the students’ 
work, including styles of work, language in communication, content, and presentation time. Overall, the result of 
the evaluation was high and the assessment score of the learning outcomes was statistically significant at .00 (t = 
43.01). The details are presented in Table 3. 
 
Table 3. Results of the evaluation of the suitability of the students’ work 

Criteria for evaluation M(SD) Level of suitability t (Sig) 
Styles of work 4.25 (.46) High 43.01 (.00)* 
Language in communication 4.12 (.35) High 
Content 4.37 (.51) High 
Presentation time 4.37 (.51) High 
Average 4.25 (.45) High 

Note. * Correlation is significant at p < .05. 
 
3.4 Important Components of Knowledge Management of Agricultural Ecosystem Biodiversity Include Five 
Significant Components 
1) Teachers who instruct science or social studies have a role in managing learning because the subjects taught 
relate to agricultural ecosystems and biodiversity. 
2) Cultivators are local people residing in the community who own a learning source adjacent to a school. This 
allows students to access the site and learn with the cultivators after school hours. 
3) The guidelines for Encouraging Learning Outcomes for Biodiversity in Agricultural Ecosystems are tools 
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designed to help teachers manage the learning process. 
4) Assessment results from teachers, students, and cultivators assist in the examination and assessment of students’ 
learning outcomes. 
5) Adjustment of the learning guidelines is required to suit the situations and goals of the students and cultivators. 
3.5 Effectiveness of the Encouraging Learning Outcomes for Biodiversity in Agricultural Ecosystems  
Testing the results Encouraging Learning Outcomes for Biodiversity in Agricultural Ecosystems showed that new 
knowledge from teachers, students, and cultivators increased with a statistical significance of .05. Also, the 
cultivators’ attitudes and awareness in utilizing biodiversity significantly increased. This is because when the 
cultivators planned their agricultural activities for the next year, they changed their agricultural methods as 
recommended in the learning units. This is compatible with Mumpuni et al. (2022), who conducted a study to 
design biodiversity learning through a research and development process, consisting of five steps: research and 
information-gathering, planning, initial product development, preliminary field testing, and product revision. The 
assessment and review of the module showed that students’ understanding and awareness of the importance of 
local biodiversity increased. The success of the learning process depended on integrating farmers’ expertise and 
community learning resources into the curriculum and practical applications (Gurung & Thapa, 2023; Rehman et 
al., 2023). Additionally, students’ knowledge of biodiversity empowered them to become a mechanism for 
biodiversity conservation in agricultural areas (Id Babou et al., 2023; Solv et al., 2023). Teachers also played a 
crucial role in engaging farmers in the community to change agricultural practices toward sustainability and 
efficiency. The study found that such participation significantly impacted the adoption of biodiversity-based 
agricultural practices (p < .05; Goldman & Alkaher, 2024; Gurung & Thapa, 2023). The students who raised 
questions about agricultural ecosystem biodiversity, such as in rice fields, vegetable plantations, and orchards, 
contributed to the concept of a geographical ecosystem that is significant for biodiversity learning and the 
assessment of ecosystem utilization (Ince & Sahin, 2021). 
3.6 Results From Using a process of Knowledge Management in Encouraging Learning Outcomes for Biodiversity 
in Agricultural Ecosystems With Cultivators After Participating in the Learning Units 
The results from participating in the activities of the five learning units showed that the cultivators agreed that 
students should learn about agricultural biodiversity. The cultivators were pleased to participate in the activities 
and develop learning units with the teachers. Meanwhile, the teachers were interested in using the learning units 
to educate other students. Furthermore, the students who completed the learning units can become mentors for 
new student groups in the following year. 
Based on the participatory learning management with cultivators, the cultivators volunteered to support the 
school’s agricultural activities by purchasing agricultural products from the school. However, the products must 
meet the production standards that the cultivators had taught the students, which serves as motivation for the 
students to continue learning. Furthermore, the students who participated in the project were able to manage the 
knowledge they had previously gained and share it with the cultivators. This aligns with Sørensen et al. (2021), 
who stated that local farmers’ knowledge is crucial in learning management because each locality is different. 
Teachers act as experts in linking the curriculum knowledge taught in schools with local knowledge. The study 
showed that the learning outcomes from collaborative efforts with schools led to behavioral changes in farmers 
and the community, as well as the integration of local knowledge and the dissemination of new knowledge derived 
from research, contributing to sustainable agricultural practices (Ataei et al., 2021; Silici, 2021). Additionally, 
activities that encouraged farmers and students to learn about local biodiversity positively impacted their 
knowledge and attitudes toward biodiversity-based agriculture (Christ, 2022). 
The results from Encouraging Learning Outcomes for Biodiversity in Agricultural Ecosystems in collaboration 
with cultivators will support the United Nations’ SDGs as stated in Goal 4 (Quality Education). This process 
enables farmers to learn alongside teachers, facilitating lifelong learning for the farmers and creating agricultural 
practices that support biodiversity. This will lead to safe agricultural production for both consumers and farmers, 
as well as a process of monitoring and evaluating safety through collaborative learning with teachers and students. 
This will contribute to the sustainability of agricultural resources, promote resource recycling in agricultural areas, 
and foster pride in sharing knowledge with students, aligning with Goal 12 (Responsible Consumption and 
Production) and Goal 15 (Life on Land; UNESCO, 2024). 
3.7 Teachers’ Roles in Supporting Sustainable Agricultural Ecosystems 
Teachers play a crucial role in promoting awareness and behavior among students and facilitating knowledge 
exchange with farmers to design learning models based on the school curriculum and agricultural areas, aiming to 
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create sustainability within the agricultural ecosystem (Goldman & Alkaher, 2024). Additionally, teachers 
introduce new concepts about safe agricultural practices to pass on to students. Thus, Encouraging Learning 
Outcomes for Biodiversity in Agricultural Ecosystems (Slimi et al., 2021) fosters collaborative learning among 
farmers, teachers, and students, raising awareness of safe farming practices that students can apply in school lunch 
programs (Slick & Tewell, 2021). Moreover, teachers and cultivators evaluated the knowledge gained from the 
learning units as appropriate for students. Farmers who participated in these units stated, “Biodiversity utilization 
is necessary, and we will develop agricultural landscapes for students.” This statement reflects the farmers’ 
awareness of sustainable agricultural development. It aligns with Laurett et al. (2021), who indicated that farmers 
embrace the concept of sustainable development by supporting biodiversity or practicing crop rotation to generate 
income and impart knowledge to the next generation (Sonko et al., 2021). 
Agricultural landscapes and schools serve as learning resources for students. Based on this study, some students 
are interested in pursuing agriculture within their communities. Therefore, the knowledge gained from farmers is 
a crucial factor supporting sustainable agriculture. As mentioned earlier, teachers are responsible for developing 
and creating the learning units. This is consistent with Hunter et al. (2020), who emphasized that teachers play a 
key role in managing learning in out-of-classroom settings, combining theoretical education with hands-on 
activities. They also set learning goals that differ from traditional classroom learning by incorporating project-
based learning. This approach enables teachers to encourage student engagement, allowing students to choose their 
learning paths and gain real-life experiences based on their interests, which contributes to lifelong learning (Miller 
et al., 2021; Pedler et al., 2020). Therefore, learning in agricultural settings helps students understand agricultural 
processes that impact food safety and security within the community surrounding the school. It is essential to raise 
awareness among teachers, students, and farmers about biodiversity in agricultural areas. Hence, teachers should 
be trained to understand agricultural biodiversity to become future drivers of this initiative (Id Babou et al., 2023). 
The role of teachers in promoting sustainability within agricultural ecosystems will support the United Nations’ 
Sustainable Development Goals (SDGs) as stated in Goal 4 (Quality Education) by integrating knowledge from 
the school curriculum with local agricultural knowledge and using local resources to enhance the quality of 
education. This approach meets the community’s needs for sustainable agricultural development, creating safe 
food production processes that reduce the use of agricultural chemicals by leveraging biodiversity as a tool. It also 
raises awareness of sustainable agricultural development within the community, in line with Goal 12 (Responsible 
Consumption and Production) and Goal 15 (Life on Land; UNESCO, 2024). 
4. Conclusion 
The development of a learning unit to promote biodiversity utilization in agricultural ecosystems resulted in a 
successful educational framework, integrating classroom learning with practical, community-based knowledge. 
The learning units focused on biodiversity management in local agricultural ecosystems. The study demonstrates 
that involving cultivators and local agricultural experts in the educational process not only enhances students 
understanding of biodiversity but also encourages sustainable agricultural practices. The results indicated 
significant improvement in both teachers’ teaching methodologies and students’ learning outcomes, particularly 
in their ability to manage biodiversity in agricultural ecosystems. This research aligns with the SDG Goals, 
particularly Goal 4 (Quality Education), Goal 12 (Responsible Consumption and Production) and Goal 15 (Life 
on Land) by fostering sustainable agricultural practices and integrating them into local educational frameworks. 
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