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Abstract: Educational developments in the 21st century require students to be prepared 
to face global competition. This preparedness can be supported by several basic skills 
that are equipped to each student as the future generation of the nation, for example, 
science literacy. Specifically, the study aims to produce and test the validity of a 
phenomenon-based advance organizer learning tool consisting of a teaching module, 
student worksheet, textbook, and science literacy assessment instrument. The method 
used is RnD, with the research design chosen being Thiagarajan's 4D model, which 
consists of define, design, develop, and disseminate. Data were obtained from three 
expert validators through validation sheets and analyzed using Aiken’s V formula to 
determine the validity level of each component of the developed learning tools. The 
expected outcomes include teaching modules, student worksheets, textbooks, and 
science literacy questions to be applied in chemistry education. Research data was 
obtained from three validators using a validation sheet. The validators consisted of two 
lecturers from the Faculty of Mathematics and Natural Sciences at Unesa and one 
chemistry teacher from Puri 1 Senior High School in Mojokerto Regency. The data was 
analyzed based on the validity criteria of each element of the learning tools using Aiken's 
validation. Previously, the learning tools were reviewed by two chemistry lecturers from 
the Faculty of Mathematics and Natural Sciences at Unesa with the assistance of a review 
sheet to obtain suggestions and input. The validity data showed that the learning tools 
were valid, with validity data meeting the validity criteria, where the teaching module 
scored 0.86 on the Aiken scale, the student worksheet scored 0.86 on the Aiken scale, the 
textbook scored 0.89, and the science literacy questions scored 0.99. These findings 
indicate that the developed learning tools meet high validity criteria and are suitable for 
use in chemistry learning. The integration of the phenomenon-based approach with the 
advance organizer model provides a structured framework that helps students connect 
abstract chemistry concepts with real-world phenomena, thereby improving science 
literacy and engagement. In conclusion, the phenomenon-based advance organizer 
chemistry learning tool developed in this study is valid and feasible to be implemented 
in high school classrooms to train students’ science literacy skills, and further research is 
recommended to test its effectiveness in improving learning outcomes. 
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Introduction  
 
Students' difficulty in understanding abstract 

concepts is often a major challenge in chemistry 

learning. One of the contributing factors is teaching 
methods that are uninteresting and irrelevant to 
everyday life (Novianto et al., 2024). Chemistry learning 
at the high school level also often faces challenges due to 
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the complexity of the material, especially topics such as 
petroleum. A preliminary study conducted at Puri 1 
Senior High School in Mojokerto Regency in August 
2024 revealed that 68% of 36 students experienced 
difficulties in understanding chemistry material. 
Specifically, 73% of students stated that the topic of 
petroleum was very difficult to understand; 45% of them 
considered the material to be overly reliant on 
memorization, while 55% found it challenging to grasp 
the technical terms associated with the subject. These 
difficulties highlight the need for more effective and 
contextual learning models to enhance students' 
understanding. An interview with an educator at Puri 1 
Senior High School in Mojokerto Regency also showed 
that learning tools related to everyday life can help 
students understand the material more easily. This issue 
highlights the need for contextual, phenomenon-based, 
and relevant learning models to enhance students' 
understanding of chemistry, as these challenges not only 
affect conceptual understanding but also contribute to 
low student interest in science, particularly chemistry, 
which impacts their overall science literacy skills (Putra, 
2022). 

Various studies have discussed phenomenon-based 
learning models that effectively improve students' 
understanding of scientific concepts in chemistry 
lessons. Research conducted by Fatmi et al. (2024) shows 
that phenomenon-based models can motivate students 
by linking scientific concepts to everyday experiences. 
Another study by Nurholisa et al. (2022) proves that 
phenomenon-based learning not only improves 
students' understanding but also motivates them to 
actively participate in the learning process. 
Additionally, there is a need for a learning model that 
helps students connect abstract concepts with their prior 
knowledge, thereby enhancing understanding. One 
such model is the Advance Organizer model, designed 
to help students connect new knowledge with existing 
cognitive structures (Sartika et al., 2022). Research by 
Widyastuti (2021) shows that the use of the Advance 
Organizer model in online learning on chemical bonding 
material effectively improves student learning 
outcomes. In addition, a study by Amri et al. (2020) 
found that the application of this model can improve 
students' understanding of atomic structure material. 
However, this study has not discussed the 
implementation of the Advance Organizer model based 
on phenomena in chemistry material, especially the 
topic of petroleum. This study attempts to fill the 
existing gap by combining the two models into one 
learning tool. 

Previous studies have shown the success of the 
Advance Organizer learning model in helping students 
understand abstract concepts, but its implementation in 
the context of phenomenon-based learning is still 

limited. However, this study attempts to address this 
issue by combining the phenomenon-based learning 
model with the Advance Organizer model on the topic 
of petroleum. Additionally, to cultivate skills relevant to 
the current era to support global living, students are 
expected to begin practicing scientific literacy in 
understanding complex material through scientific 
literacy indicators. This study offers novelty by 
integrating science literacy indicators as part of the 
evaluation of the success of the learning tools. Therefore, 
this study not only develops learning tools that are 
theoretically relevant but also practically applicable in 
the classroom. This presents an opportunity to 
contribute new insights into enhancing science literacy 
among high school students. Science literacy is one of 
the key competencies of the 21st century that students 
must master in order to face global challenges 
(Warmadewi, 2022). Science literacy among students in 
Indonesia remains a concern. According to research 
conducted by Saija (2019) the science literacy profile of 
students in chemistry lessons showed that 77.95% of 
students were at the moderate level of science literacy 
(Sari et al., 2022). In 2022, the science literacy profile 
declined and fell into the adequate category with an 
average score of 64.03%. Meanwhile, in 2023, the science 
literacy profile of students again declined to 45.8% in the 
adequate category (Rohmaya et al., 2023). This data 
shows that the science literacy of Indonesian students 
still needs to be improved, especially in chemistry 
learning, which is considered difficult by many students. 
Students' science literacy skills are expected to enable 
them to explain phenomena scientifically, construct and 
evaluate scientific investigation designs, and research 
and use scientific information for decision-making 
relevant to everyday life (OECD 2023). The science 
literacy indicators focused on in this study refer to the 
PISA 2025 Science Framework developed by the 
Organisation for Economic Cooperation and 
Development (OECD). By focusing on these indicators, 
the developed learning tools are expected to enhance 
students' science literacy competencies in line with 
international standards. This study aims to address this 
need through innovative, phenomenon-based learning 
tools on the topic of petroleum. 

Advance organizers are often used to help students 
organize new knowledge with what they already know, 
which is very important in improving scientific concept 
understanding (Shifa et al., 2025). However, although 
advance organizers are effective in organizing 
information, some weaknesses arise, especially in the 
context of science literacy. First, if not designed 
properly, the advance organizer model can cause 
confusion among students, especially those with limited 
prior knowledge who require further scaffolding 
(Slavin, 2015). Second, this model emphasizes individual 
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learning and overlooks the importance of social 
interaction, which is crucial in collaborative learning 
(Sartika et al., 2022). Additionally, implementing the 
advance organizer model in the classroom requires extra 
preparation time, making it less flexible in classrooms 
with time constraints (Ramadhani et al., 2023). 

On the other hand, phenomenon-based learning 
offers a more engaging approach by involving students 
in observing and analyzing relevant real-world 
phenomena, such as chemical phenomena in everyday 
life, which motivates students to think critically and 
apply their knowledge (Dendodi et al., 2024). However, 
this model also has limitations, as it may become less 
effective if not supported by sufficient knowledge 
structuring required to connect new knowledge with 
real-world experiences (Syaharani et al., 2024). The 
combination of these two models—the phenomenon-
based advance organizer—can address this limitation by 
providing the initial cognitive framework needed to 
understand complex scientific phenomena. This enables 
students not only to understand theories but also to 
apply them practically, thereby significantly enhancing 
their science literacy skills. 

The integration of the phenomenon-based learning 
approach with the advance organizer model is 
theoretically supported by Ausubel’s meaningful 
learning theory, which posits that learning becomes 
effective when new information is anchored to relevant 
prior knowledge in a learner’s cognitive structure. The 
use of advance organizers serves as a conceptual bridge 
that enables students to connect previously acquired 
knowledge with new, abstract chemistry concepts 
(Vivian & Aziaka, 2025). Similarly, phenomenon-based 
learning is grounded in constructivist theory, 
emphasizing that students actively construct 
understanding through authentic engagement with real-
world contexts (Adipat, 2024). The combination of these 
two approaches provides both cognitive structure and 
contextual relevance, allowing students to meaningfully 
internalize scientific concepts and enhance their 
scientific literacy in abstract topics such as petroleum. 

The rationale for conducting this study is also 
supported by empirical evidence showing that 
Indonesian students’ science literacy remains relatively 
low, as indicated by various national and international 
assessments. Recent bibliometric analyses reveal that 
science and chemical literacy are emerging yet 
underdeveloped research areas in Indonesia, with 
students often struggling to engage in evidence-based 
reasoning and contextual understanding (Yuendita & 
Rohaeti, 2025). Furthermore, previous studies highlight 
the urgent need to improve inquiry-based and 
contextual learning practices to foster students’ scientific 
reasoning and literacy skills (Kotsis, 2024). Therefore, 
this research aims to offer a pedagogically grounded and 

contextually relevant solution to enhance the quality of 
chemistry learning in high schools through the 
development of a phenomenon-based advance 
organizer learning tool that connects classroom concepts 
with real-life phenomena. 

The title “Development and validity analysis of 
phenomenon-based advance organizer chemistry 
learning tools to improve science literacy among high 
school students” was chosen based on the need to bridge 
the gap between theory and practice in chemistry 
learning. In addition, this research is expected to make a 
significant contribution to improving the quality of 
chemistry learning in high schools, particularly in the 
subject of petroleum. Through the development of 
innovative and phenomenon-based learning tools, 
students are expected to gain a deeper and more 
practical understanding of chemistry concepts, thereby 
enhancing their scientific literacy. This aligns with the 
objectives of the Merdeka Curriculum, which 
emphasizes the development of competencies and 
literacy (Martatiyana et al., 2023). 

 

Method  
 
This study developed a learning design, student 

worksheets, textbooks, and science literacy tests on the 
subject of petroleum. The development procedure 
consisted of several steps in the 4D model development 
procedure, namely through four stages: define, design, 
develop, and disseminate. The stages of implementation 
are presented in Figure 1. 

The three stages of development include techniques 
for validating or assessing the feasibility of product 
designs for use. In this activity, experts in each field will 
also evaluate the devices that have been developed. 
Expert validation is conducted to determine the validity 
of the learning design, student worksheets, student 
textbooks, and pretest and posttest questions on the 
topic of petroleum. These will be validated by chemistry 
education lecturers and chemistry educators to obtain 
validation results, as well as comments and suggestions 
for improving the learning tools to make them more 
valid. Learning tools and data collection instruments 
that have undergone the validation stage are revised 
based on suggestions and validators, resulting in 
revisions. This stage aims to determine one aspect of 
product development quality, namely validity. Data 
analysis is conducted using scores obtained from the 
validation sheet using the Likert scale model. The Likert 
scale used in this validation sheet is a modified Likert 
scale without the middle option. The purpose of 
modifying the scale is to eliminate weaknesses (Nair et 
al., 2025). Scores for each answer option are obtained 
based on calculations using the Likert scale, as shown in 
Table 1.  
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Figure 1. 4D Model research procedure chart 

  
Table 1. Scoring of the Likert Scale Validation (Riduwan, 
2015) 
Assessment Scale Values 

Not conducted 1 
Very poor 2 
Poor 3 
Good 4 
Very good 5 

 
The validity analysis of each element of the learning 

tool uses Aiken's validation, determined by the 
following formula: 

 

𝑉 =  
∑ 𝑠

[𝑛−(𝑐−1)]
     (1) 

Explanation: 
V  = Item validity 
∑ 𝑠 = Total number of points given by the assessor (r) 

minus the lowest validity score (lo) from the three 
validators  

lo  = Lowest validity score 
c  = Highest validity score 
r  = Points given by the assessor  
n  = Number of raters  
 

The analysis results obtained are used to determine 
the validity of the learning tool based on the 
interpretation of the Aiken index coefficient presented in 
Table 2. 
 
Table 2. Interpretation of Aiken Index Coefficients 
Interval V Criteria 

V > 0.8 High Validity 

0.4 < V ≤ 0.8 Moderate Validity 

V ≤ 0.4 Low Validity 

 
Based on these criteria, the learning tool is 

considered to meet the criteria if the Aiken V validity 
coefficient is > 0.8 with a high validity rating, so that the 
learning tool is declared suitable for use. Furthermore, 
revisions are made after the chemistry learning tool is 
validated by the validator. The validator's suggestions 
are used as improvements and refinements for 
researchers to produce a valid product that can be tested. 

 

Result and Discussion 
 
Development of Learning Tools 

The initial stage began with the development of test 
standards aimed at measuring student learning 
outcomes in learning based on the Advance Organizer 
model and phenomena. This test consisted of a pretest 
and posttest to measure students' science literacy and 
knowledge (Nurjanah et al., 2017). The tests are designed 
based on learning objectives and student analysis to 
ensure that the science literacy skills being taught can be 
achieved. The media used must be appropriate for the 
learning objectives and characteristics of the students. In 
this study, phenomenon-based learning tools use media 
that are easily accessible and relevant to the students' life 
contexts, including the use of videos and images that 
support understanding of the material. The selection of 
appropriate media helps increase student interest and 
ensures effective learning. During the design phase, the 
selection of learning tool formats, such as textbook 
layouts and student worksheets, was also a key focus. 
The format of the learning tools is adapted to the 
Merdeka curriculum and the phenomenon-based 
Advance Organizer model. The presentation of the 
material must be in line with the structured learning 
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objectives, using easy-to-read fonts, relevant images, 
and an appealing layout for the learners. This aims to 
create a pleasant learning environment and facilitate the 
learners' understanding. 

After the analysis stage, the initial design of the 
learning tools began to be developed, including 
textbooks, student worksheets, and science literacy test 
questions. This development process involved 
determining titles and teaching materials that were in 
line with the Merdeka curriculum. The design aimed to 
ensure that each element of the learning tools supported 
the desired learning objectives and was appropriate to 
the needs and characteristics of the students. This initial 
design is then tested through validation and revision by 
the supervising lecturer and validators.  

The textbooks and student worksheets are 
developed by integrating the Advance Organizer model 
and phenomena, and are tailored to the learning 
objectives. The textbook aims to provide a 
comprehensive understanding of petroleum materials, 
while the student worksheets are designed to train 
students' science literacy skills through structured 
activities. Each element in the textbook and student 
worksheets is designed to activate students' cognitive 
schemas so that they can relate new material to their 
existing knowledge.  

Science literacy tests are part of the evaluation 
conducted to measure improvements in students' ability 
to explain phenomena, construct scientific 
investigations, and critically interpret scientific data. 
These tests are measured using pre-tests and post-tests, 
the results of which can be compared to see if there has 
been an improvement in students' science literacy skills 
(Warmadewi, 2022). Test results were analyzed to 
determine the effectiveness of learning tools in 
improving science literacy. Learning activities were 
designed to include Advance Organizers tailored to real-
life phenomena relevant to students' lives. In this case, 
learning activities focused on the topic of petroleum and 
various related phenomena. Evaluation was conducted 
using questionnaires and observation sheets to obtain 
data on student engagement in learning activities. The 
creation of student worksheets and textbooks in this 
study uses a format that is appealing to students in terms 
of form, color, font size, and interesting videos and 
images. The student worksheets and modules are 
designed to be a guide for students in the classroom and 
to achieve learning objectives. The following are the 
elements of the learning tools. 

The teaching module provides an overview of the 
contents of the three activities on the topic of petroleum. 
The main cover consists of the title and an illustration 
depicting the process of petroleum extraction. The first 
learning step contains the learning objectives, which are 
that through the phenomena presented, students will be 

able to explain the process of petroleum formation in a 
simple and correct manner. The second learning step 
aims for students to be able to interpret data and 
evidence scientifically to correctly identify the positive 
and negative impacts of petroleum use on the 
environment. The third learning step aims for students 
to be able to evaluate and design investigations into 
alternative energy sources to replace petroleum 
correctly. 

 

 
Figure 2.  Teaching module display 

 
Student worksheet 1 provides an overview of how 

the use of petroleum affects the environment, with a 
dominant blue color. The content of student worksheet 
1 contains phenomena around us related to the topic of 
petroleum for analysis and to practice scientific literacy. 

 

 
Figure 3.  Student worksheet 1 display 

 
Student worksheet 2 illustrates how the use of 

petroleum affects the environment with the color 
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yellow. It contains phenomena around us related to the 
topic of petroleum for analysis and to develop scientific 
literacy. 

 

 
Figure 4.  Student worksheet 2 display 

 
Student worksheet 3 provides an overview of how 

the use of petroleum affects the environment, with the 
addition of green color. It contains phenomena around 
us related to the topic of petroleum. 

 

 
Figure 5.  Student worksheet 3 display 

The textbook content includes a section on how to 
use the textbook, highlighting its features. The textbook 
content also includes an introduction to stimulate 
students to begin learning. The textbook content also 
includes a summary of the material to help students 
understand the topic of petroleum. 

 

 
Figure 6. Student textbook display 

  
The learning device design that has been developed 

produces a product that then enters the review stage by 
the supervising lecturer to obtain input, suggestions, 
and comments for improvement of the learning device. 
The input provided is presented in Table 3. 

 

Table 3. Results of Learning Tool Analysis 
Component  Suggestion 

Teaching 
module 

In the general information, the stages of 
Advance Organizer, science literacy 

indicators and phenomena are added. 
Worksheet 1 Added links that connect to direct sources 
Worksheet 2 Added links that connect to direct sources 
Worksheet 3 Added links that connect to direct sources 
Textbook Video cannot be opened 

 
Suggestions and criticisms obtained from the 

results of the review by the supervisor were then used 
as a guide to improve the learning device so that the 
revisions were made which are presented in Table 4. 

 

 

 
 
 
 
 
 
 



Jurnal Penelitian Pendidikan IPA (JPPIPA) October 2025, Volume 11, Issue 10, 664-676  
 

670 

Table 4. Revision Results After Review 
Suggestion Improvement Result 

In the teaching module in the general information section, 
Advance Organizer stages, science literacy indicators and 
phenomena were added. 

 

The teaching module already has a general information 
section, namely the stages of Advance Organizer, science 

literacy indicators and phenomena. 

 
Learner worksheet 1 added links that connect to direct sources Added a link that connects to the direct source on learner 

worksheet 1. 
Learner worksheet 2 added links that connect to direct sources Added to worksheet 2 a link that connects to a direct source 
Learner worksheet 3 added link connecting to direct source Add on Learner worksheets 3 links that connect to direct 

sources 
Video cannot be opened Video can be opened 

Validation of Learning Tools 

All of these tools were validated to ensure that each 
element met the criteria of feasibility and relevance to 
the learning objective of improving the science literacy 
of high school students. The following are the validation 
results described in Table 5. 

The validation results of the teaching module 
developed using the phenomenon-based Advance 
Organizer model show that this chemistry learning tool 
has very good quality, based on the assessment 
conducted by validator 1, validator 2, and validator 3 
using the Aiken validity index. The assessment was 
conducted on several main aspects, namely media, 
material, and time, all of which gave a strong indication 
that this learning tool could be effectively applied in 
chemistry learning at the high school level. 

In the media aspect, validator 1 and validator 2 
gave a very good assessment with an average Aiken 
validity index value of 0.90, which indicates that the 
media used in this teaching module is very suitable and 
can support the learning process. The media in question 
includes various visual and interactive elements, such as 
images, graphics, and videos, which are designed to 
make it easier for students to understand complex 
chemical materials. This is in accordance with previous 
research which shows that technology-based learning 
media, such as augmented reality and video tutorials, 
are very effective in helping students understand 

chemical materials and increase their interest in learning 
(Sari et al., 2022). The use of appropriate media can 
improve the understanding of the chemical concepts 
taught, as well as encourage students to be more active 
in the learning process. Both validators considered that 
the organization of the media in this learning tool is very 
good, clear, and accessible, providing a strong basis for 
learners to understand the information in a more 
interactive way. 
 

Table 5. Learning Tool Validation Results 
Assessed Aspect Average Item Validity Criteria 

Teaching Module 
Formulation of 
Learning Objectives 

0.83 High validity 

Content Presented 0.85 High validity 

Language 0.89 High validity 
Time 0.87 High validity 
Average 0.86 High validity 
Learner worksheet 
Content 0.87 High validity 

Presentation 0.88 High validity 

Language 0.83 High validity 
Graphics 0.87 High validity 

Average 0.86 High validity 
Teaching Materials 
Content 0.90 High validity 

Presentation 0.88 High validity 

Language 0.92 High validity 
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Assessed Aspect Average Item Validity Criteria 
Graphics 0.87 High validity 
Average 0.89 High validity 

Science Literacy Pretest-Posttest Questions 
Content 0.98 High validity 

Construct 0.99 High validity 

Linguistic 1 High validity 

Average 0.99 High validity 

  
In the material aspect, validator 3 gave a very 

positive assessment of the suitability of the material 
presented with the chemistry learning objectives set out 
in the curriculum. With an average Aiken validity index 
value of 0.87, this indicates that the material presented 
in the teaching module is very relevant, in accordance 
with curriculum standards, and can achieve the desired 
learning objectives. Validator 3 also provided 
constructive feedback regarding the use of some 
chemical terms that may be too complex for high school 
students and suggested that some explanations be 
simplified to facilitate students' understanding. 
However, overall the material presented was considered 
very appropriate and able to provide a deep 
understanding of chemical concepts. This result is in line 
with the findings of Muhammadiah et al. (2022) which 
shows that learning materials that are relevant to the 
curriculum and delivered in a way that is easy to 
understand greatly affect the effectiveness of learning 
and increase students' understanding. 

The time aspect included in the learning tool also 
received positive ratings from all three validators. Each 
learning stage has been well organized in terms of time 
allocation, providing sufficient time for students to 
understand the material, conduct discussions, and do in-
depth exercises or experiments. Aiken's validity index 
on the time aspect reached an average value of 0.85, 
indicating that the time setting in this teaching module 
is appropriate and in accordance with the learning needs 
in the classroom. Good time management in the learning 
process is very important so that students do not feel 
rushed in understanding the material presented and can 
make the best use of time to explore each concept. This 
is in line with the principles of learning planning that 
emphasize the importance of effective time management 
so that the teaching and learning process can run 
smoothly and in accordance with the predetermined 
objectives. 

Overall, the results of this validation indicate that 
the teaching module developed has high validity in each 
aspect assessed. With a consistently high Aiken's 
validity index in the media, material, and time aspects, 
this phenomenon-based Advance Organizer model 
chemistry learning tool is very feasible to be applied in 
learning in high school classes. The assessments 
conducted by validator 1, validator 2, and validator 3 

provide strong evidence that this learning tool is not 
only relevant to the learning objectives, but also 
designed in a way that pays attention to the needs of 
students in understanding chemistry material more 
deeply and applicatively. 

The high validity results obtained in this study are 
consistent with previous findings demonstrating the 
effectiveness of the advance organizer model in 
improving students’ conceptual understanding and 
cognitive structuring. Widowati (2025) reported that 
students who learned with the advance organizer model 
showed significantly higher academic performance 
compared to those using conventional instruction. 
Similarly, Widyastuti (2021) found that advance 
organizer-based materials on chemical bonding 
improved comprehension and retention among high 
school learners. These findings suggest that the advance 
organizer model effectively assists students in 
organizing new information into coherent cognitive 
structures, which in turn promotes meaningful learning. 
The integration of real-world phenomena, as 
implemented in this research, further strengthens these 
benefits by making learning more contextual and 
engaging (Khalil, 2025). 

Moreover, the alignment between this study’s 
findings and recent literature supports the argument 
that phenomenon-based learning plays a crucial role in 
enhancing science literacy. According to Megawati 
(2023), the inclusion of authentic phenomena helps 
students connect scientific theory with observable 
reality, thereby improving their critical thinking and 
problem-solving abilities. Sharma (2025) also 
emphasized that phenomenon-based contexts stimulate 
students’ inquiry and strengthen their literacy skills 
through evidence-based reasoning. When both 
approaches are combined, as in this study, the resulting 
learning tools provide a structured yet inquiry-oriented 
pathway that not only improves conceptual mastery but 
also develops students’ ability to apply scientific 
principles in real-world contexts. This finding aligns 
with the objectives of the merdeka curriculum, which 
prioritizes competency-based and contextual learning. 

The worksheet prepared in this study aims to train 
students' science literacy skills through structured 
activities. The validation of worksheet was carried out 
based on the same criteria as the teaching module. Based 
on the results of the validation of the Learner Worksheet 
conducted by validator 1, validator 2, and validator 3, 
the learning tools developed showed high validity in all 
aspects assessed, both in terms of media, material, and 
presentation. The assessment was carried out using 
Aiken's validity index (V) to ensure that each aspect in 
the worksheet meets the expected criteria in chemistry 
learning. In the media aspect, which was assessed by 
validator 1 and validator 2, the learning tool obtained a 
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very high Aiken validity index value of 0.90. This 
indicates that the media used, including images, videos, 
and graphics, are well designed and strongly support 
the learning objectives. The media is expected to help 
learners understand complex chemical materials and 
increase their engagement in the learning process. These 
results support previous findings showing that the use 
of technology-based learning media, such as augmented 
reality and interactive videos, can improve learners' 
understanding of chemistry and science concepts in 
general (Yanto & Sari, 2025) . 

In the material aspect, which was assessed by 
validator 3, the Aiken validity index also showed very 
good results of 0.87, indicating that the material 
presented in the worksheet was very much in 
accordance with the learning objectives and the 
applicable curriculum. Nevertheless, some constructive 
suggestions were given to simplify some of the chemical 
terms used, to make it easier for high school students to 
understand. This is in line with research by Amelia et al. 
(2024) which shows that the suitability of the material 
with the curriculum is very important in improving the 
quality of learning. Overall, validator 3 assessed that the 
material presented is very relevant to the competencies 
to be achieved in chemistry learning, and the material 
has been arranged systematically and well structured, 
making it easier for students to understand complex 
chemical concepts. 

The presentation aspect of the worksheet which 
includes the order of the material, the language used, 
and the graphic design, received a positive assessment 
from the three validators, with an average Aiken validity 
index of 0.83 to 0.92. The presentation of the material has 
been arranged in a logical order, providing sufficient 
time for students to understand each part of the material. 
Validator 1 and validator 2 assessed that the graphic 
design and layout of text and images were very 
supportive of the learning objectives, with the Aiken 
validity index reaching 0.92. The language aspect also 
received a good assessment with a value of 0.83 
indicating that the language used in the worksheet is 
clear, precise, and in accordance with the Improved 
Spelling (EYD), so that it can be easily understood by 
students. This is in line with the findings of Hartono et 
al. (2023) who suggested that the use of appropriate 
language in the presentation of learning materials is key 
to ensuring effective understanding among learners. 

Overall, the results of this validation indicate that 
the worksheet developed has high validity and is ready 
to be applied in chemistry learning in senior high 
schools. With a consistently high Aiken's validity index 
in all aspects, this learning tool is seen to improve the 
quality of chemistry learning and help students 
understand chemistry concepts better. The assessments 
from validator 1, validator 2, and validator 3 provide 

strong evidence that these worksheets are not only 
relevant to the applicable curriculum but also designed 
in a way that takes into account the needs of learners in 
understanding chemistry material more deeply. 

The coursebook designed in this study aims to 
provide a comprehensive understanding of petroleum 
material. Based on the validation results of the 
developed coursebook, it can be concluded that this 
coursebook shows very high validity which includes 
various important aspects in the preparation of Advance 
Organizer-based chemistry coursebooks to improve the 
science literacy of high school students. Based on the 
results of coursebook validation conducted by validator 
1, validator 2, and validator 3, the developed coursebook 
has high validity in almost all aspects assessed, with the 
average Aiken validity index reaching a value of 0.83 to 
1. This assessment covers various aspects that are 
important in ensuring that this textbook meets the 
educational criteria needed to support chemistry 
learning in high schools.  

The first aspect assessed was the suitability of the 
material with the Merdeka curriculum. The validation 
results show that the material presented in this textbook 
is very much in accordance with the applicable 
curriculum and the basic competencies set out in the 
national education standards. Validator 1, validator 2, 
and validator 3 agreed that the material on chemical 
concepts, especially regarding petroleum, is very 
relevant to the learning objectives and can provide a 
deep understanding to students. The Aiken validity 
index of 0.92 indicates that the materials are highly valid 
and can be used in a wider learning context. 

In the aspect of learning objectives and learning 
outcomes, this coursebook received an excellent 
assessment from validator 2 and validator 3, with an 
Aiken validity index of 0.92, which indicates that the 
objectives formulated in this coursebook are very clear 
and can be achieved well. The learning objectives in this 
coursebook are also considered to support the 
development of students' science literacy, by connecting 
theory with practical applications in everyday life. This 
is relevant to the findings of Apeadid & Amedeker 
(2024) , which showed that clearly structured learning 
objectives increase learning effectiveness and help 
learners to achieve the desired competencies. The media 
aspect used in the textbook also received a positive 
assessment, with the Aiken validity index reaching 0.92, 
indicating that the images, graphs, and tables used have 
been well organized and support students' 
understanding of the chemical material taught. 

The linguistic aspects in the coursebook also 
received very good ratings from the three validators. 
Validator 1, validator 2, and validator 3 assessed that the 
use of language in this coursebook is very much in 
accordance with the Improved Spelling (EYD) and is 
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easily understood by students. With an Aiken validity 
index of 0.83, this shows that the language used is clear 
and on target, and in accordance with the level of 
understanding of students at the high school level. These 
results support previous research that emphasizes the 
importance of using appropriate language in learning, 
so that the material can be well received and understood 
by students (Ualikhanova et al., 2024). These results are 
also consistent with the findings of Widowati et al. 
(2023), who developed chemistry worksheets enriched 
with Wordwall-based quizzes and reported high levels 
of validity and effectiveness in fostering students’ 
critical thinking skills. This similarity reinforces that 
developing interactive and contextual learning tools can 
enhance students’ engagement and higher-order 
thinking abilities, aligning with the objectives of the 
phenomenon-based Advance Organizer model 
implemented in this study. In addition, in the aspect of 
graphics, the design and layout of the coursebook also 
received a very good assessment, with the Aiken validity 
index reaching 0.92, indicating that the layout of this 
coursebook has been well designed, making it easier for 
students to process the information presented. 

Overall, the validation results show that the 
textbooks developed are very valid and ready to be used 
in learning chemistry in high school. With a high Aiken 
validity index in almost all aspects, this textbook can be 
applied in teaching chemistry to support the 
improvement of students' science literacy. These results 
show that this textbook is not only in accordance with 
curriculum standards, but also designed with attention 
to various aspects that support the understanding of the 
material by students. 

Pretest and posttest were used to measure the 
improvement of students' science literacy before and 
after learning. The validity of the test is based on the 
criteria of conformity with the science literacy indicators 
to be trained. The test given must be in accordance with 
the learning objectives and measure the ability of 
students to explain phenomena, construct scientific 
investigation designs, and interpret scientific data 
critically. Based on the results of validation of pretest 
and posttest questions of science literacy conducted by 
three validators. Based on the results of the validation of 
pretest and posttest questions conducted by validator 1, 
validator 2, and validator 3, this evaluation tool shows 
high validity in all aspects assessed, with a high average 
Aiken validity index in each category. This validation 
involved key aspects such as the suitability of the 
material to the subject matter taught, question 
indicators, material sequence, science literacy, and the 
language used in the questions. Validator 1 and 
validator 2 gave very positive assessments on most 
questions, with an average Aiken validity index 
reaching 0.92 for the suitability of the material with the 

curriculum and basic competencies set in chemistry 
learning. This indicates that the questions prepared are 
very relevant and in accordance with the learning 
objectives to be achieved, and can measure students' 
understanding of the chemical concepts taught, such as 
petroleum. This assessment is also in line with research 
showing that questions that are in accordance with 
learning materials can facilitate students' understanding 
more effectively (Daryanes et al., 2023). 

In the question indicator aspect, which assesses 
how well the question can measure the desired learning 
outcomes, validator 3 gave a rating of 5 on most 
questions. The Aiken validity index on the question 
indicator reached 0.92, which indicates that the 
questions prepared have the ability to measure the 
competence of students very well. This also reflects the 
suitability between the question indicators and the 
learning objectives set out in the teaching tool. Validator 
1 assessed that the sequence of material in the pretest 
and posttest questions was logically arranged and well 
structured. The questions are arranged to follow a flow 
that makes it easier for students to understand the 
material gradually, with an average Aiken validity index 
of 0.85, which indicates that the order of the questions 
strongly supports an organized learning flow. This 
assessment shows that the questions pay attention to the 
level of difficulty that is appropriate for the learners' 
abilities, and can facilitate their understanding of more 
complex material, such as chemical reactions related to 
petroleum phenomena. 

In the aspect of the language used in the questions, 
which was also assessed by the three validators, the 
validation results showed that the use of language used 
in the questions was in accordance with the Improved 
Spelling (EYD) and easily understood by high school 
students. The Aiken validity index on the linguistic 
aspect reached 0.92, indicating that the questions had 
been formulated clearly and precisely. Validator 2 
assessed that the questions not only test the cognitive 
aspects of students, but also support the development of 
science literacy through questions that link chemical 
concepts with real phenomena, which are expected to 
improve students' critical thinking skills. On the science 
literacy aspect, assessed by validator 1, validator 2, and 
validator 3, the questions received a very high rating, 
with an average Aiken validity index reaching 0.95, 
indicating that these questions can improve learners' 
skills in analyzing and understanding scientific 
phenomena that occur around them. 

Overall, the validation results of the pretest and 
posttest questions show that the questions prepared to 
measure students' understanding of chemistry material 
are very valid and can be applied in chemistry learning 
to improve students' science literacy. With a high Aiken 
validity index in each aspect, these pretest and posttest 
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questions are ready to be used in the learning evaluation 
process, to ensure that the learning objectives are well 
achieved. The assessments from validator 1, validator 2, 
and validator 3 provide a clear picture that these 
questions are not only relevant to the applicable 
curriculum but can also measure learners' 
understanding in a precise, systematic, and structured 
way. 
 

Conclusion  

 
The results of this research show that the 

phenomenon-based Advance Organizer chemistry 
learning tools developed—including the teaching 
module, student worksheets, textbook, and science 
literacy test—have met high validity criteria based on 
expert evaluations, with Aiken’s V values ranging from 
0.86 to 0.99. These findings confirm that each component 
is well-designed in terms of content, presentation, 
language, and time allocation, and is aligned with the 
objectives of the merdeka curriculum. The integration of 
the Advance Organizer model with phenomenon-based 
learning provides a coherent framework that enables 
students to connect abstract chemical concepts to real-
world contexts, thereby fostering deeper understanding 
and strengthening scientific literacy. In conclusion, the 
developed learning tools are declared valid, feasible, 
and pedagogically sound for implementation in high 
school chemistry learning, particularly on the topic of 
petroleum, and they have strong potential to improve 
students’ science literacy and readiness for 21st-century 
learning. 
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