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 Purpose – Students' conservation literacy could be greatly increased 
by integrating local knowledge with the PBL approach and 
augmented reality technology. In order to increase students' 
conservation literacy, this study aimed to create a student book on 
biodiversity that was focused on problem-based learning, 
incorporated local knowledge, and supported by augmented reality 
media. 
Methodology – The ADDIE paradigm of research and development 
is referred to as the research technique. Manokwari high school 
students served as the study's 32 subjects. Validation sheets and 
questionnaires were used as data collection tools to assess the 
validity of the student book and the students' answers to 
conservation literacy questions. Students' replies, validation results, 
and conservation literacy abilities were all examined in the 
descriptive data analysis. 
Findings – The findings of this study indicate that the validation 
results for the Biodiversity Student Book were 93.65% (very valid 
category), indicating that it is suitable for implementation in 
learning. The validation of the conservation literacy instrument 
yielded a 96.13% validity rate (very valid). The results of student 
responses after the trial of the student book in learning were 85% 
(very practical or effortless to use category). The results of the trial 
evaluating the effectiveness of student conservation literacy showed 
a Sig of 0.000 (<0.05), indicating a difference in the average level of 

student conservation literacy before and after learning. 

Contribution – This study concludes that the use of student books on 
biodiversity is highly effective in improving and developing students' 
conservation literacy. 
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INTRODUCTION 

Conservation literacy refers to students' ability to understand, appreciate, and apply conservation 

principles in everyday life, especially in efforts to conserve natural resources and biodiversity. Students with 

strong conservation literacy can make informed decisions to protect the surrounding environment. The main 

benefit of conservation literacy is to create a generation that understands the importance of maintaining 

ecosystem balance, which is essential for environmental sustainability and community welfare. However, low 

conservation literacy can lead to indifference toward environmental issues, a lack of skills to address 

environmental problems, and minimal involvement in conservation efforts (Agustiani & Imtihana, 2023; 

Abdullah et al., 2019; Al Balushi, 2023). 

Research and observation show that Indonesian students' conservation literacy is still comparatively low. 

The significance of protecting biodiversity and the effects of human activity on the environment are not well 

understood by many students. This is illustrated by students' minimal involvement in environmental 

conservation initiatives and their weak awareness of biodiversity in their studies. Students find it difficult to 

fully comprehend conservation values because of learning that still emphasizes theory and memory. This issue 

is made worse by the absence of contextually and pertinently based approaches to students' everyday lives 

(Tresnawati et al., 2021). 

The absence of engaging and pertinent teaching strategies in the local setting is the primary obstacle to 

raising students' conservation literacy. Conservation education frequently ignores students' active 

participation in the learning process in favor of concentrating only on knowledge transfer. Additionally, a 

barrier to raising students' comprehension of conservation issues is the underutilization of contemporary 

technology in the classroom. Pupils require a more demanding curriculum and be inspired to actively 

participate in resolving actual conservation and environmental preservation issues (Endang Purnama et al., 

2024; Iwan et al., 2020)  

Integrating local knowledge with the Problem-Based Learning (PBL) method is the suggested way to 

raise students' conservation literacy. Values passed down from ancestors about protecting the environment 

and the natural world are part of local wisdom. Students can learn strategies that have been shown to be 

successful in preserving biodiversity by incorporating local knowledge into their education. In contrast, PBL 

encourages students to work on solving actual conservation-related challenges. This method fosters critical 

thinking, analysis, and problem-solving skills in pupils that are applicable to their everyday lives (Damopolii 

et al., 2024; Regala, 2019). 

By fusing digital and real-world items, augmented reality is a technology that can improve education. 

AR can offer more accurate and realistic biodiversity visualizations in the context of conservation education. 

For instance, students' interest and engagement in learning are increased when they can interactively view 

and comprehend different species of flora and fauna. Additionally, AR can make abstract conservation 

concepts more interesting and participatory for kids, which will ultimately greatly increase their conservation 

literacy (Ratnasari et al., 2022; Aprilinda et al., 2020; Anwar et al., 2023; Aripin & Suryaningsih, 2019). 

Students' conservation literacy could be greatly enhanced by combining local knowledge with the PBL 

method and augmented reality technologies. Students are encouraged to learn about cultural values associated 

with nature protection through local wisdom, and PBL empowers them to actively look for answers to 

pertinent environmental issues. AR offers powerful visual assistance, enhancing students' educational 

experiences and assisting them in comprehending the true effects of human activity on biodiversity. These 

three components work together to provide an engaging, relevant, and dynamic learning environment that 

greatly enhances students' comprehension of conservation (Tamam & Qomaria, 2023). 

The low level of student conservation literacy in Indonesia is a challenge that must be addressed 

immediately through innovative, relevant learning approaches. The integration of local wisdom, PBL, and AR 

technology in biodiversity learning provides an effective solution to improve students' understanding of 

conservation. This approach not only strengthens students' knowledge but also their critical thinking skills in 

dealing with environmental problems. It is hoped that through this research, a more interactive, contextual, 

and technology-based conservation learning model can be widely implemented in schools in Indonesia, so 
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that future generations are better prepared to maintain environmental sustainability and biodiversity (Lubis 

et al., 2022). 

Learning media is still classified as a manual learning challenge. This is less effective in practice since 

biology requires specialized media, such as original media, that illustrate elements of the human body that are 

easily accessible inside and outside the classroom. As a result, creating an augmented reality-based biology 

teaching module is essential (Rahma Sari et al., 2023). The increasingly complicated challenges and needs of 

education in today's modern world require interactive learning (Lintangesukmanjaya et al., 2024). Students 

receive less than ideal grades as a result of the shortcomings of technology-based education modules. 

Augmented reality is one of the learning media that must be used to create instructional materials that promote 

technology-based learning (Kumalasari & Fikroh, 2023).  

The novelty of this research lies in the development and testing of a textbook that simultaneously 

integrates local wisdom and augmented Reality within a problem-based learning framework to improve 

students' conservation literacy. Unlike previous studies that examined local wisdom, problem-based learning 

(PBL), and AR partially, this study presents a comprehensive pedagogical, cultural, and technological 

integration, with conservation literacy as the primary and measurable objective. This approach offers new 

conceptual, pedagogical, and empirical contributions to the development of conservation learning based on 

local contexts and immersive technology. 

Therefore, one of the educational resources to be created as part of this study is a student textbook that 

uses augmented reality media and a problem-based learning paradigm on biodiversity to include local 

knowledge. The goal of this study is to create a textbook for students that incorporates local knowledge and a 

problem-based learning model, utilizing valid, practical, and effective augmented reality technology to 

improve students' conservation literacy. 

METHODOLOGY 

Research Design 

This research is a type of research and development that follows the ADDIE model, which consists of five 

stages: Analyze, Design, Development, Implementation, and Evaluation (Branch, 2009). The stages of the 

ADDIE model development research include:  

Analyze 

It was discovered through an investigation of student book needs that the student books now in use are 

still restricted to common books. Only visual (photos), audiovisual (video), and basic 3D media are still 

utilized. There has never been use of innovative learning materials. 

Design 

At this point, student books that are integrated with the PBL model, local knowledge, and augmented 

reality media are designed based on learning achievements. Specifically, students can develop solutions to 

problems based on local, national, or global issues related to understanding the diversity of living things and 

their roles, viruses and their roles, biological technology innovation, ecosystem components and interactions 

between components, and environmental changes. The Assemblr application is used to create educational 

materials. Pretests and post-tests are formative assessments of students' literacy skills that use AI-based media 

(Quiziz). 

Development 

The Learning Expert and Media Expert validators will validate the Student Book and the conservation 

literacy assessment tool once they have been developed into prototypes. 

Implementation 

This stage is carried out to implement the Student Book and the tools considered feasible. Everything that 

has been developed will now be put to the test under actual circumstances. In order to assess conservation 
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literacy abilities following the use of the student book, a pretest is given during this implementation stage and 

a post-test is given at the conclusion of the meeting. 

Evaluation  

At the conclusion of each development phase, an evaluation will be carried out. Additionally, a 

summative assessment will be carried out at the conclusion of this phase to gauge the effectiveness of creating 

the learning media product. At this point, a normality test is performed before a Paired T-test is used to 

compare conservation literacy abilities before and after the student book is implemented. 

Population and Samples 

The population in this study is defined as all elements, including objects and people, that possess the 

characteristics under study. The study population comprised 32 students in class X at SMA Immanuel Pasir 

Putih Manokwari. The sampling technique used was total sampling, with the entire population serving as the 

research sample. 

Data Collection and Instrument 

The instruments in this study are (a) a validation instrument: A 5-point Likert scale response format is 

used in this validation tool. Each item on the development instrument has a gradation of (1) extremely bad, 

(2) bad, (3) very good, (4) good, and (5) very good. Two expert validators' evaluations served as the basis for 

the collection of instrument validation data. (a) A questionnaire was utilized as an instrument to assess the 

usefulness of the instructional materials. Student reactions to student books that use Augmented Reality and 

local knowledge were used to gather practicality data. (c) Test instrument: There were twenty multiple-choice 

questions on the test. Pretests and posttests of students' learning that incorporates local knowledge into 

problem-based learning supported by augmented reality media on biodiversity were used to gather data on 

the conservation literacy exam outcomes. 

Data Analysis 

Analysis of research data is grouped into two, namely validity and practicality. Calculate the validity of 

learning media using the following formula: 

𝐸𝑙𝑖𝑔𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =
𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑖𝑡𝑒𝑚 𝑠𝑐𝑜𝑟𝑒

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒𝑘𝑜𝑟 
𝑥 100% 

The table shows the learning device validity category based on the final score on a scale (0-100). 

Table 1. Categories of Learning Media Validity (Anapia et al., 2024) 

Interval (%) Category 

81-100 Completely 

61-80 Valid 

41-60 Less valid 

21-40 Invalid 

0 – 20 Completely Invalid 

The product is tested to see the student response. The student book will then be analyzed using the 

student response data. Response to the student book using the formula:  

% 𝐸𝑙𝑖𝑔𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =
𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑖𝑡𝑒𝑚 𝑠𝑐𝑜𝑟𝑒

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒
𝑥 100% 

The student response criteria for seeing the practicality of the student book can be seen in Table 2. 
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Table 2. Response Questionnaire Criteria (Kartini et al., 2020) 

Interval (%) Category 

81-100 Very Good 

61-80 Good 

41-60 Good enough 

21-40 Not good 

0- 20 Not very good 

A normality test is the first of several steps in the study of effectiveness data. To ascertain if the data are 

normally distributed, one fundamental assumption test is the normality test. Researchers apply the Shapiro-

Wilk normalcy test using SPSS version 25. The data is regularly distributed if the significance value is higher 

than 0.05; (c) Paired Sample t-test. The average of two paired measurements taken before and after treatment 

within the same group is compared using the paired-samples t-test. SPSS version 25 is used to compute the 

paired-samples t-test. The significant value (Sig.) in the paired sample t-test determines the outcome. 

FINDINGS 

Analysis 

The constraints of teaching materials based on local knowledge, their focus on problem-based learning, 

and the challenges of using learning media technology like augmented reality were all documented. Teachers 

still only use standard textbooks as teaching resources instead of ones that they have created specifically to fit 

the needs of their pupils. As a result, pupils' environmental literacy is still lacking, particularly when it comes 

to biodiversity resources. As a result, using augmented reality media technology and creating a textbook based 

on local knowledge are essential. 

Design 

With the use of augmented reality media on biodiversity content and in line with learning objectives, a 

student book prototype that incorporates local knowledge and is focused on problem-based learning was 

acquired. At this point, Quiziz has also been used to create a conservation literacy questionnaire. Here is an 

illustration of a design image. 

   

Student Book Cover Augmented Reality Integration Local Wisdom “Igya Ser Hanjob” 

Figure 1. The Display of Book 

Development 

This stage produces a prototype of a Student Book product that integrates local wisdom, is oriented 

towards problem-based learning, and is supported by Augmented Reality media on biodiversity. 
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Furthermore, at this stage, validation is carried out by Learning Media and material experts to assess the 

feasibility of the student book that has been developed. Validation includes construct, content, and readability 

validation. The following validation results are presented in Table 3. 

Table 3. Results of Material and Media Expert Assessment 

Based on Table 3, the average validation percentage for the student textbook across all aspects was 

93.65%, indicating high validity. This indicates that the student textbook, integrated with the PBL model and 

local wisdom on biodiversity, and supported by augmented reality media, is suitable for classroom testing. In 

addition to validating the student textbook, a similar validation was conducted for the Conservation Literacy 

instrument. The purpose of this validation was to determine the level of suitability of the conservation literacy 

instrument. The validation data for conservation literacy are presented in Table 4 

Table 4. Validation of Conservation Literacy Question Instrument 

Table 4 shows that the validation results for the student conservation literacy instrument across all aspects 

were 96.13%, indicating high validity. This indicates that the conservation literacy instrument, as assessed by 

the validator, is suitable for implementation in the learning process. 

Implementation and Evaluation 

Evaluation will be carried out at the end of each Analyze, Design, Development, and Implementation 

stage. This stage conducted a summative evaluation to assess the success of developing Augmented Reality-

assisted student books for biological diversity systems. Table 5 presents students' conservation literacy scores. 

The normality test determines whether the data are typically distributed. If the data is normally 

distributed, a paired t-test can be conducted, which is a prerequisite for the test. Table 5 presents the results of 

the normality test for students' conservation literacy data. 

Table 5. Results of the test of normality 

No Class Statistic Df Sig. Information 

1 Pretest 0.965 32 0.417 Normality 

2 Posttest 0.970 32 0.550 Normality 

Based on Table 5, the results of the normality test for the pretest and post-test of conservation literacy are 

normally distributed; this is evident from the pretest sig = 0.417 > 0.05 and the post-test Sig = 0. This indicates 

that the pretest and post-test scores are normally distributed. 

No Aspect Percentage (%) Criteria 

1 Design (landing page, header, navigation, 

footer) 

89,06 Very valid 

2 Ease of use 95,83 Very valid 

3 Information Quality 95,83 Very valid 

4 Language 93,75 Very valid 

5 According to student development 93,75 Very valid 

 Average 93,65 Very valid 

No Aspect Percentage (%) Criteria 

1 Material 96 Very valid 

2 Construct 86,67 Very valid 

3 Language 98 Very valid 

4 Students' Conservation Knowledge 100 Very valid 

5 Students' Conservation Attitudes 100 Very valid 

 Average 96,13 Very valid 
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Next, after the data were normally distributed, a paired t-test was conducted to determine the difference 

in average conservation literacy scores before and after the learning was implemented. The results of the 

paired t-test are presented in Table 6. 

Table 6. Results of Paired t-Test Literacy Conservation 

Data Mean t df Sig. Information 

Pretest/ 

Posttest conservation literacy 

-10.033 -6.271 32 0.000 significant 

influence 

Table 6 shows that the paired t-test indicates Sig. (2-tailed) 0.000 < 0.05. This indicates a significant 

difference in the average level of conservation literacy before and after the implementation of PBL learning 

integrated with local wisdom and augmented Reality. 

Practicality analysis data based on student responses to the use of the student book on biodiversity 

integrated with local wisdom and assisted by augmented Reality. Student response data to the use of the 

student book can be presented in Figure 3. 

 

Figure 3. Student response scores 

DISCUSSION 

The average was 93.65% according to media and material specialists' validation reports. This 

demonstrates that the augmented reality-assisted human sensory system instruction module is classified as 

extremely feasible/very valid. Similarly, 96.13% (very valid) of the conservation literacy questions were 

validated. This is consistent with by Sholikha et al. (2024) ) findings  on the development of Augmented Reality 

Learning Media, which shows that this AR product is well-suited for learning. Additionally, this is consistent 

with studies carried out by Iwan et al., (2024) about the development of interactive e-modules on protist 

material to improve student learning outcomes and the development of augmented reality-assisted modules 

to improve student learning outcomes (Iwan et al., 2024) 

The practicality of the student book, based on local wisdom-oriented, problem-based learning assisted by 

Augmented Reality, is evident from students' responses to learning with it. The results of the student 

responses show an average of 85% in the convenient category. This student book makes it very easy and helps 

students in the learning process. This aligns with what Ilona-Elefteryja et al. (2020) conveyed: the potential 

benefits of AR integration in the learning process are very interesting and offer an opportunity for the future. 

In the learning process, teachers, as sources of information, need to process various information so that 

students can receive it correctly and clearly; therefore, an aid in the form of augmented reality learning media 

is needed. (Fitrianingsih et al., 2023). Research results (Law & Heintz, 2021) show that of 714 articles, 42 explain 
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the importance of implementing AR technology in learning. Current developments are experiencing an 

increase in efforts to implement augmented reality technology in education. Augmented Reality is a new 

technology connected to the information system (Aslan, 2021).  

The effectiveness test results, with a student conservation literacy sig < 0.05, indicate a difference in 

average conservation literacy before and after learning. Students' conservation literacy can be effectively 

increased by using the PBL learning approach in conjunction with augmented reality technology and local 

knowledge. The average student conservation literacy in the experimental group was significantly higher than 

in the control group, demonstrating this outcome. Students are encouraged to think critically and comprehend 

the significance of biodiversity protection through the use of PBL, which offers a more engaging, pertinent, 

and contextual learning experience (Ardoin et al., 2020; Hijra et al., 2025). 

PBL integration can help low-ability biology students develop their critical thinking skills (Muhfahroyin 

et al., 2023). Students' performance in biology in Nigerian secondary schools can be raised by implementing 

the problem-based learning paradigm. Students' learning achievement in biology differs significantly, with 

the experimental group outperforming the control group. 

(Usman et al., 2023). According to research results (Cardoso-Espinosa et al., 2024), The Efficiency of Problem-

Based Learning in Developing Mathematical Proficiency Research by Iwan, Sumitro, Ibrohim, and Rohman 

(2024) regarding how the Problem Based Learning approach affects students' capacity for critical thought in 

conservation biology classes (Iwan et al., 2025b) 

Research results by Purnamasari et al. (2016) show that the application of augmented Reality affects 

student learning achievement. Augmented Reality-based Assemblr EDU media can improve student learning 

outcomes (Lino Padang et al., 2022). By implementing this technology, it is hoped that it will become an 

attraction for students in learning (Hadi et al., 2022).   Research results by Aripin & Suryaningsih (2019) show 

that Biology learning with AR media developed is quite effective and can improve students' learning 

achievement (Arulanand et al., 2020).  Research result (Suharti et al., 2024) Augmented Reality influences 

students' critical thinking skills (Garzón et al., 2020). The media developed can improve students' science 

learning outcomes across cognitive, affective, and psychomotor domains (Fakhrudin et al., 2019). The 

application of AR-based media improves learning in Biology classes (Ciloglu & Ustun, 2023; Dehghani et al., 

2023). Augmented Reality can introduce new forms and methods, and its capabilities will make classes more 

interactive (Garzón et al., 2020) ; Tamam & Qomaria, 2023). The application of Augmented Reality encourages 

students to be interactive (Kharchenko et al., 2021; Sharma et al., 2022). 

The use of 3D technology in learning can improve students' understanding of the material (Bliznakova et 

al., 2024). The use of VR and gamification in environmental education enhances students' knowledge and 

skills, thereby improving the quality of future education (Asmak Ismail et al., 2024). The Use of Augmented 

Reality Mobile App Influences Students' Self-Competence (Hidayat et al., 2024). This research paves the way 

for optimizing VR-based learning environments to promote higher levels of reading comprehension among 

students. (Çoban et al., 2024). Learning through augmented Reality has a positive effect on students' academic 

achievement (Canbaz & Yalçin, 2024). The use of augmented reality-based card games can be an effective way 

to improve students' mathematical competence. This study serves as a call to action for prospective developers 

and educators to improve the integration of AR in mathematics education in the future (Ahmad & Junaini, 

2022). Research results (İslim et al., 2024) show that Augmented Reality positively influences students' 

attitudes and interests in motivation, spatial ability, and creative thinking skills. To increase technology 

acceptance, teachers and technology developers should prioritize increasing ease of use and strengthening 

social factors (Yusuf, 2024; Kocak et al., 2023).  

The integration of local wisdom into learning is crucial for enhancing students' environmental awareness 

and conservation attitudes. This aligns with research by Alshehri (2024), This illustrates that information 

received from formal environmental education can promote an attitude of care for nature. Preschool 

environmental awareness attitudes demonstrate a substantial difference between the average pretest and 

posttest environmental values of the experimental group (Güvenir & Türkmen, 2024). Increasing students' 

ecological awareness to prevent environmental pollution (Yilmaz, 2024; Oz & Isik, 2024). incorporating local 

culture into the comprehension of scientific ideas to enhance science education in schools and scientific literacy 
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in society (Suprapto et al., 2024). Students' comprehension of common things can be enhanced by 

incorporating local culture into physics learning projects (Rahmat et al., 2024). Research result (Fitriani et al., 

2024) demonstrates how plant anatomy textbooks can help aspiring biology instructors develop their critical 

analytical abilities. Research results by Iwan et al. (2020) on the creation of PBL-based instructional materials 

including tifa local knowledge in Papua and the impact of doing so on problem-based learning to enhance 

students' problem-solving skills (Iwan et al., 2024; Iwan et al., 2025a). 

CONCLUSION 

The research satisfies the requirements of validity (96,13%), practicality (85%), and effectiveness in raising 

students' conservation literacy based on the findings of the study on the creation of student books on 

biodiversity-oriented problem-based learning integrated with local wisdom aided by augmented reality. The 

paired sample test yielded a Sig. (2-tailed) value of 0.00<0.05. This demonstrates that there is a change in 

students' conservation literacy before and after using student books that focus on problem-based learning, 

include local knowledge, and use augmented reality to help with biodiversity content. The study's findings 

are intended to provide suggestions for creating and putting into practice a problem-based learning model 

that incorporates local knowledge and is enhanced by augmented reality in order to conservation literacy 

regarding materials other than biodiversity, fostering a caring attitude and conservation attitude towards 

natural resources. 
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