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Abstract: The trend in science education policy in the 21st century emphasizes 
the importance of scientific literacy in science education as a transferable 
outcome. This research is a type of Research and Development (R&D) 
development research. Development research in the field of education aims to 
produce products for the benefit of education. This research produces a new 
product in the form of e-LKPD with a scientific approach to acid-base material. 
The purpose of this research and development is to find out how the 
procedure for developing teaching materials based on a scientific approach is 
implemented in the inquiry-flipped classroom learning model to improve 
Science Literacy skills and to find out the practicality of teaching materials 
based on a scientific approach implemented in the inquiry-flipped classroom 
learning model. Based on the results of the validation carried out on material 
and media experts in two rounds, the results of the first material validation 
were 89.30%, the second material validation was 98.70%. Design validation 
was conducted in two rounds where the first round obtained results of 87.50% 
and the second round of design validation 97.50%. Based on the results 
obtained from chemistry teachers, the first practitioner validation obtained 
87% and the second practitioner validation obtained 91%, student responses 
to teaching materials with a percentage of 85.50%. Based on the criteria for the 
interpretation of the percentage of practicality, the group evaluation (student 
responses) was obtained with practical criteria or feasible for revision 
 
Keywords: Development; Learning tools; Scientific literacy 

  

Introduction  
 

In Indonesia, it is generally known that the level of 
scientific literacy of Indonesian students as measured by 
PISA to date shows a concerning condition (Amir et al., 
2023). The trend in science education policy in the 21st 
century emphasizes the importance of scientific literacy 
in science education as a transferable outcome. A survey 
conducted by PISA (Program for International Student 
Assessment), that the average score of scientific literacy 
skills in Indonesia in 2018 was 396, placing Indonesia in 
74th place out of 79 participating countries. Indonesia is 
only above Morocco, Lebanon, Kosovo, the Dominican 

Republic and the Philippines. This means that in 2018 
there was a decrease in score of 7 from 2015. Based on 
the data obtained, around 40% of students in Indonesia 
reached Level 2 or Indonesian students were only able 
to recognize the correct explanation for known scientific 
phenomena and were able to use that knowledge to 
identify, in simple cases (Ekawati et al., 2020). This is 
supported by research conducted by Mellyzar et al. 
(2022). The average scientific literacy of students in 
colloidal systems is only in the content ability to 
recognize several basic phenomena and students are still 
unable to communicate and connect these abilities with 
various things related to science, let alone apply abstract 
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and complex chemical concepts. Given the importance 
of scientific literacy, educating students to have scientific 
literacy is the main goal of every science education 
reform (Broderick, 2023; Rudolph, 2024).  

Scientific literacy focuses on building students' 
knowledge to use scientific concepts meaningfully, think 
critically and make balanced and adequate decisions on 
problems that are relevant to students' lives (Fortus et 
al., 2022). The chemistry learning process requires 
students to be able to construct concepts, laws or 
principles. In chemistry there are three forms of 
representation to explain a phenomenon, namely 
macroscopic, microscopic, and symbolic (Fauzi et al., 
2019; Santoso et al., 2024). Acid-base material is 
conceptually dense material besides acid-base material 

is also abstract material (Ningrum et al., 2022). This fairly 
high abstraction and conceptual interconnectedness is 
what makes it difficult for students to understand acid-
base solution learning, thereby reducing students' 
interest in learning. A learning approach is needed to 
support independent learning (Limbong et al., 2023). 
The scientific approach is a learning approach that is 
carried out through the process of observing, asking, 

trying, reasoning, and communicating (Marwiyati & 
Istiningsih, 2020).  

According to Bramastia et al. (2023), Learning with 
a scientific approach can provide a positive contribution 
to improving critical thinking skills and solving simple 
problems. According to Ellizar et al. (2018), The scientific 
approach is an approach that provides opportunities for 
students to actively construct concepts, laws or 
principles through activities such as observing, asking, 
reasoning, associating and communicating which aim to 
develop scientific thinking skills and students' curiosity, 
so that students are motivated to observe the 
phenomena around them (Jirout, 2020). The learning 
process that requires students to be independent is in 
line with the independent learning curriculum that 
combines the learning process both asynchronously and 
synchronously using the blended learning model. 
Learning with blended learning is an alternative that 
teachers can do in learning and allows students to learn 
more freely according to their abilities and potential so 
that students have the freedom to innovate and learn 
independently (Voskamp et al., 2022). The inquiry-
flipped classroom learning model is a blended learning 
model that combines the learning syntax of the inquiry 
model and the flipped classroom learning model 
(Delfianza et al., 2023).  

The flipped classroom inquiry learning model has 
steps, namely: introduction before class; formulating 
problems; review; formulating hypotheses; collecting 
data; testing hypotheses; formulating conclusions; post-
test. In the process, students are able to learn 
independently and teachers can provide teaching 

materials that support learning both online and offline 
(Sharma et al., 2022). This is also supported by Epinur et 
al. (2023), that investigations using flipped classrooms 
can be developed and the results are valid, effective and 
practical in the teaching materials used. Teaching 
materials are one of the means of supporting the 
learning process. According to Gusmaweti et al. (2023), 
that during the online learning process, students do not 
have books as a reference in learning. Chemistry 
material only comes from the teacher because it is not yet 
available. This is in line with the observations made by 
researchers at SMA N 1 Batanghari during the learning 
process during the Covid-19 pandemic, learning takes 
place online.  

During the learning process, teachers still rely on 

printed books, due to various reasons that make teachers 
prefer to carry out learning with limited teaching 
materials and existing facilities and infrastructure 
without introducing new, more innovative learning 
approaches. This has not been able to support students 
to be able to learn independently in blended learning. So 
teachers need innovative teaching materials that support 
learning both synchronously and asynchronously. 

Research conducted by Suradi et al. (2024), developed e-
LKPD with a scientific approach to improve critical 
thinking skills of elementary school students in science 
learning obtained a score of between 86% and 100% 
which is categorized as very practical. The research 
conducted (Refmidawati et al., 2023), developed e-LKPD 
with a scientific approach to electrolytes and non-
electrolytes. Small group trials obtained a score 
percentage of 81.70%. Large group trials obtained a score 
percentage of 82.30% which identified the product 
developed as being in the very good category. 

 

Method  
 
The type of research conducted is research and 

development (Research and Development or R&D). 
Research and development in the field of education aims 
to produce products for educational purposes. This 
research produces a new product in the form of e-LKPD 
with a scientific approach to acid-base material. The 
development model used in this study is the ADDIE 
model which consists of the stages of analysis, design, 
development, implementation and evaluation (ADDIE). 
ADDIE is a coherent and systematic framework in 
organizing a series of research design and development 
activities.  

The illustration of the image related to the stages 
contained in the ADDIE model according to Spatioti et 
al. (2022). The instruments used to collect data in this 
study were interview sheets, material expert validation 
questionnaires, media expert validation questionnaires, 
teacher assessment questionnaires, and student 
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response questionnaires. There are qualitative and 
quantitative data, qualitative data in the form of 
responses, suggestions and input from experts from 
material experts and design experts will then be used for 
product revisions and improvements. Data obtained 
from other assessment questionnaires will be processed 
using a quantitative approach. The scores obtained 
based on the results of the answer choice gradation are 
then converted into a five-point Likert scale with an 
interval range. 
 

Result and Discussion 
 

The results obtained from the research and 
development that have been carried out are: Stages of 
the scientific approach-based inquiry-flipped classroom 
learning device to improve students' scientific literacy 
skills in acid-base material at SMA S Zulhijah Muara 
Bulian; validity of the scientific approach-based inquiry-
flipped classroom learning device to improve students' 
scientific literacy skills in acid-base material at SMA S 
Zulhijah Muara Bulian, and Teacher assessment and 
student responses related to the practicality of the 
scientific approach-based inquiry-flipped classroom 
learning device to improve students' scientific literacy 
skills in acid-base material at SMA S Zulhijah Muara 
Bulian. The steps in developing the scientific approach-
based inquiry-flipped classroom learning device to 
improve argumentation skills in addictive substances 
and additives at SMPN 2 Sarolangun were carried out 
by following the ADDIE (Analysis-Design-Develop-
Implement-Evaluate) development model. In this study, 
the researcher only carried out the small group 
evaluation stage. The ADDIE stages can be seen as 
follows. 
 
Analysis Stage 

Based on the results of the researcher's interview 
with the Chemistry teacher at SMA S Zulhijah Muara 
Bulian, it can be analyzed that students' literacy skills in 
learning Chemistry are still low, where the factors 
causing this low student interest have many factors 
ranging from school environmental factors, family 
environment, community environment, and factors 
from the students themselves. One solution to improve 
students' scientific literacy skills in learning chemistry is 
to use learning tools designed to improve scientific 
literacy. The learning model used by teachers is still 

focused on teacher center, teachers still have difficulty 
managing time when conducting simple experiments so 
that practical methods are often not carried out. To use 
various learning tools in the chemistry learning process, 
the facilities and infrastructure at SMP S Zulhijah Muara 
Buliah are quite adequate in conducting simple 
experiments. However, students are still not allowed to 

use cellphones in the school area because the school is a 
semi-Islamic boarding school, but students can be 
allowed if confirmed in advance.  

Therefore, in the process of learning chemistry, 
learning tools and learning models are needed that can 
support the learning process when the practicum 
method is implemented and can improve scientific 
literacy skills by being assisted through a scientific 
approach. Based on the results of the student 
characteristics questionnaire in table 1, student 
responses were obtained regarding chemistry learning 
in class, namely 43.40% answered that it was normal, 
30% answered that it was fun and 26.60% answered that 
it was difficult. Based on this, half of the students already 
think that learning chemistry is fun, but there are still 

half of the students who think that learning chemistry is 
ordinary and difficult. For this reason, teachers need to 
use learning tools and practicum methods in the 
learning process so that students can be more interested 
in learning chemistry. This is in line with the results of 
the student questionnaire where 83.40% of students 
agreed that the use of teaching materials in learning 
would make learning more fun (not boring). 

Furthermore, the students' responses related to the 
acid-base material are quite interesting to understand, 
namely 56.70% answered yes and 43.42% answered no. 
This means that 56.70% of students think that acid-base 
material is quite interesting to understand. However, 
there are still 63.40% of students who have difficulty 
understanding acid-base material. Based on this, it is 
necessary to provide additional teaching materials to 
overcome students' difficulties in understanding acid-
base material by applying the flipped classroom inquiry 
model and developing scientific approach learning tools 
to improve students' scientific literacy skills in acid-base 
material. This is in line with the results of the student 
questionnaire in the application of flipped classroom 
inquiry and developing scientific approach tools to 
improve students' scientific literacy skills in acid-base 
material where 73.40% of students agree. 

Students' scientific literacy skills are made based on 
PISA scientific literacy level indicators from level 1 to 
level 5. Each level of scientific literacy is integrated with 
one or more IPKD. Science Literacy Ability Level 5 with 
indicators Identifying scientific components in complex 
situations, comparing, selecting, or evaluating 
appropriate scientific evidence to respond to life 
situations, and building explanations based on evidence 
and arguments based on critical analysis. Science 
Literacy Ability Level 4 with indicators Making 
conclusions about the role of science and technology, 
integrating explanations from science and technology in 
aspects of life, and reflecting on actions from decisions 
taken using the knowledge and evidence they have. 
Science Literacy Ability Level 3 with indicators 
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identifying scientific problems in various life contexts, 
selecting facts and knowledge to explain phenomena. 
Science Literacy Ability Level 2 with indicators 
providing possible explanations in the context of general 
knowledge, making interpretations of the results of 
investigations or problem-solving technologies.  

Science Literacy Ability Level 1 with indicators 
having limited knowledge that can only be applied to 
several frequently encountered situations and 
presenting scientific explanations by following the 
information provided. The students' literacy skills based 
on the opinions of class teachers with a total of 3 students 
at SMA S Zulhijah showed results at level 1 23.40%, level 
2 as much as 50%, level 3 26.60%, level 4 and level 5 are 
still missing with the following figure 1. 

 

 
Figure 1. Students' literacy skills 

 
Design Stage 

The product developed in accordance with the 
needs analysis, availability of sources, product 
development orientation and the purpose of the product 
is developed. The product to be developed is a scientific-
based learning device implemented in the inquiry 
learning model - flipped classroom to improve scientific 
literacy in acid-base material applied at SMA S Zulhija 
Muara Bulian. 

 
Development Stage 

The development stage is carried out with the aim 
of validating the developed learning device. The 
validation consists of validation by a team of experts, 
namely material experts and design experts. The expert 
validation carried out is material validation by material 
expert Mrs. Siti Raihan, S.Pd., M.Pd. After the material 
expert sees and reads the scientific-based learning 
device implemented in the inquiry learning model - 
flipped classroom to improve scientific literacy in the 
acid-base material applied, the material expert then 
assesses the material contained in the learning device by 
providing an assessment on the questionnaire and 
providing comments and suggestions related to the 
Acid-Base material. After the learning device is revised 
according to the comments and suggestions, the learning 

device is shown back to the material expert to see the 
revised results. Validation of the material by the material 
expert was carried out 2 times. The following are 
comments and suggestions given in the first stage of 
material validation related to the learning devices 
implemented in the inquiry-flipped classroom learning 
model on the material of addictive substances and 
additives, namely: The material in the E-LKPD needs to 
be packaged more attractively and can include more 
contextual examples; The material can be added with 
more interactive learning videos by entering links or 
barcodes so that students can access them; Writing 
symbols can be given more attention so that students do 
not misconstrue reading reactions.  

The results of the material validation in the first 

stage, namely E-LKPD 89.30% with the criteria of being 
quite valid or can be used with minor revisions. 
Furthermore, after the Acid-base material was corrected 
in the first stage of validation according to the comments 
and suggestions, the second stage of material validation 
was carried out. For the results of the material validation 
by the material expert in the second stage of validation 
related to the learning devices, the following results 

were obtained. The second expert validation carried out 
was design validation by the design expert, namely Prof. 
Dr.rer.nat. H. Rayandra Asyhar, M. Si After the design 
expert sees and reads the developed learning device, the 
design expert then provides an assessment related to the 
design of the learning device by providing an 
assessment on the questionnaire and providing 
comments and suggestions on the scientific-based 
learning device implemented in the inquiry learning 
model - flipped classroom to improve scientific literacy 
in the applied acid-base material.  

After the learning device is revised according to the 
comments and suggestions, the learning device is shown 
again to the design expert to see the revised results. 
Design validation by the design expert is carried out 2 
times. The following are comments and suggestions 
given in the first stage of design validation of scientific-
based learning devices implemented in the inquiry 
learning model - flipped classroom to improve scientific 
literacy in the acid-base material applied, namely: Filling 
in E-LKPD can use liveworksheet so that it can be filled 
in directly; The appearance of E-LKPD can be made 
more attractive and efficient; E-LKPD must be designed 
to be easy to use (user friendly); Can be equipped with 
barcodes for videos and so on. The results of the design 
validation in the first stage, namely E-LKPD 87.50% with 
valid criteria or recommended for revision. So based on 
this, the design of the learning device must be improved 
according to the comments and suggestions given by the 
design expert so that the design of the learning device 
can be used. Furthermore, after the design is improved 
in the first stage of validation according to the comments 



Jurnal Penelitian Pendidikan IPA (JPPIPA) December 2024, Volume 10, Issue 12, 10509-10517  
 

10513 

and suggestions, the second stage of design validation is 
carried out. So based on the data from the expert 
validation results by material experts and design experts 
above, it can be obtained that the learning devices 
implemented in the learning model in the scientific-
based learning devices implemented in the inquiry 
learning model - flipped classroom to improve scientific 
literacy in acid-base material meet the validity criteria, 
namely very valid or can be tested at the next stage. 
 
Implementation and Evaluation Stage 

This implementation stage contains elements of 
formative evaluation in the form of one-on-one 
evaluation and group evaluation. The one-on-one 
evaluation was carried out to obtain initial input on the 
products produced from 1 experienced and competent 
Chemistry subject teacher in his field, namely Yultari 
ramadani S. Pd,.M.Pd after the chemistry teacher saw 
and read the scientific-based learning device 
implemented in the inquiry learning model - flipped 
classroom to improve scientific literacy in acid-base 
material, then the teacher was asked to provide an 
assessment of the learning device by providing an 
assessment on the questionnaire and providing 
comments and suggestions in the improvement 
suggestions column contained in the questionnaire. 
Based on the calculation results in table 7, the teacher's 
response results were 91% with the criteria of very valid 
or feasible needed. After the learning device was revised 
according to the comments and suggestions, it could be 
continued with a group evaluation. 

The group evaluation was carried out by asking for 
opinions from respondents, namely 30 Class XI students 
by showing scientific-based learning devices 
implemented in the inquiry learning model - flipped 
classroom to improve scientific literacy in acid-base 
material. After that, 30 students of class XI SMA S 
Zulhijah were asked to fill out the questionnaire that had 
been provided. The results of the student response 
questionnaire at the group evaluation stage of the 
Learning Devices are as follows: student response 
results with a percentage of 85.50%. Based on the criteria 
for the interpretation of the percentage of practicality, 
the group evaluation (student response) was obtained 
with the criteria of practicality or feasible/no need for 
revision. So, based on the calculation data from the 
teacher's assessment and the student's response above, it 
can be obtained that the scientific-based learning device 
implemented in the inquiry-flipped classroom learning 
model to improve scientific literacy in acid-base material 
meets the criteria of practicality, namely practical or can 
be tested without/no need for revision. Students' 
Literacy Skills based on the opinions of class teachers 
with a total of 3 students at SMA S Zulhijah showed 
results at level 1 6.60%, level 2 as much as 10%, level 3 

40%, level 4 as much as 36.7% and level 5 6.60% with the 
following figure 2. 

 

 
Figure 2. Sanin's literacy skills after implementation 

 
Discussion 

A person's scientific literacy will increase 
continuously. Assessment of students' scientific literacy 
skills needs to be carried out within a certain period of 
time (Osborne & Allchin, 2024). One of the surveys to 
measure students' scientific literacy skills is the PISA test 
which is carried out every 3 years (Mulyana & Desnita, 
2023). Scientific literacy instruments need to be 
developed to measure students' abilities in applying 
scientific concepts in everyday life. The importance of 
scientific literacy instruments is that they can train 
students' abilities in scientific thinking. Multiple-choice 
questions can be used to determine the level of students' 
scientific literacy skills (Bahtiar et al., 2022; Saraswati et 
al., 2021; Dirman & Mufit, 2022). Students' scientific 
literacy skills are made based on indicators of PISA 
scientific literacy levels from level 1 to level 5. Each level 

of scientific literacy is integrated with one or more IPKD. 
Level 5 scientific literacy skills with indicators 
Identifying scientific components in complex situations, 
comparing, selecting, or evaluating appropriate 
scientific evidence to respond to life situations, and 
building explanations based on evidence and arguments 
based on critical analysis. Science Literacy Ability Level 
4 with indicators Making conclusions about the role of 

science and technology, integrating explanations from 
science and technology in aspects of life, and reflecting 
on actions from decisions taken using the knowledge 
and evidence owned.  

Science Literacy Ability Level 3 with indicators 
identifying scientific problems in various life contexts, 
selecting facts and knowledge to explain phenomena. 
Science Literacy Ability Level 2 with indicators 
providing possible explanations in the context of general 
knowledge, making interpretations of the results of 
investigations or problem-solving technology. Science 
Literacy Ability Level 1 with indicators having limited 
knowledge that can only be applied to several frequently 
encountered situations and presenting scientific 
explanations by following the information provided 
(McKasy et al., 2020). After the learning device was 
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implemented in the inquiry-flipped classroom learning 
model, an increase in students' science literacy skills was 
obtained, which can be seen in the following graphic 
comparison: 

 

 
Figure 3. Science literacy skills 

 
After the implementation of scientific-based 

learning devices in the inquiry-flipped classroom 
learning model to improve science literacy in acid-base 
material, it has increased as seen in the graph of students 
who have science literacy skills at level 1 6.60%, level 2 
as much as 10%, level 3 40%, level 4 36.70%, and level 5 
6.60% where the previous results were level 1 as much 
as 23.40%, level 2 50%, Level 3 26.6%, level 4 and level 5 
are still missing. This is supported by research 
conducted by Rohmaya et al. 2023 which aims to test the 
effectiveness of E-LKPD chemistry in improving 
students' science literacy skills. Where testing is carried 
out on one group that is given an initial pretest of the 
students, the results of this study. Analysis of research 
data using descriptive analysis that presents a 
description of the average score (mean), frequency 
distribution, normalized N-gain score, and standard 
deviation of students' science literacy tests obtained 
from the results of the pretest and posttest. E-LKPD 
chemistry SMA/MA with a problem-based learning 
model in the context of social science issues is effective 
in improving students' science literacy.  

The results of the normalized N-gain score obtained 
were 0.54 so that they are included in the moderate 
category. Students who reach more than 75%. The use of 
teaching materials that are not suitable and do not 
support science literacy skills is one of the triggering 
factors for low levels of science literacy. Teaching 
materials is a general term used to describe the use of 
learning resources from teachers to present lesson 
materials that can support students to carry out learning 

and provide improvements to learning outcomes 
(Nurjaya et al., 2023). Thus, teachers should select and 
use teaching materials that match the characteristics, 
depth and breadth of the material, and its application in 
students' lives (Yanti & Rahmadhani, 2023). In addition, 
the available teaching materials do not emphasize 
aspects of attitude and context, more on content aspects 

so that chemistry learning is more focused on textual 
aspects than on aspects of context and attitude 
(Amaliyah et al., 2024; Limeri et al., 2020). If chemistry 
learning is limited to text alone, it will make it difficult 
for students to connect the knowledge studied with real 
problems in their lives. This condition proves that the 
existence of teaching materials is a component that 
influences students' scientific literacy skills, so that in 
learning it is necessary to pay attention to the use of 
good teaching materials.  

One of them is in terms of the use of student 
worksheets (LKPD) (Putriyani et al., 2024). This 
effectiveness test experienced several obstacles, 
including; limited research time. This research was 
conducted after the semester exams took place and was 

carried out during remedial time (Yolak et al., 2019; 
Marinelli et al., 2024). However, this did not have a 
significant impact as evidenced by the results of 
observations, namely the activeness and enthusiasm for 
learning of students; Students are not yet accustomed to 
using problem-based learning models. The second 
problem is that students involved in the effectiveness 
test are accustomed to direct learning so that some 

participants experience difficulties at the beginning of 
the meeting when learning with PBL syntax (Sutarto et 
al., 2022;(Harianja et al., 2023; Hidayati & Wagiran, 
2020). These difficulties include students having 
difficulty formulating problems from the social science 
issues presented (Soebagyo et al., 2022). However, at the 
third meeting, students began to formulate problems 
fluently; Unstable internet network and lack of student 
devices. Initially, students used their own internet to 
access the internet, but obstacles were found, namely an 
unstable internet network and some students did not 
have an internet quota so that at the third meeting all 
students used the school's wifi network. Furthermore, 
there were several students who experienced obstacles 
when accessing E-LKPD such as black screens, long 
loading times and missing answers (Neumann, 2024). 
This problem can be overcome by changing the browser 
used on the smartphone. 
 
Conclusion  

 
P Learning devices are developed using the ADDIE 

method of ADDIE development (Analysis, Design, 
Development, Implementation, and Evaluation). Based 
on the results of validation carried out on material and 
media experts for two rounds, the results of the first 
material validation were 89.30%, the second material 
validation was 98.70%. Design validation was carried 
out in two rounds where the first round obtained results 
of 87.5% and the second round of design validation was 
97.50%. Based on the results of practitioners obtained 
from chemistry teachers, the first practitioner validation 
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was 87% and the second practitioner validation was 
91%, student responses to teaching materials with a 
percentage of 85.50%. Based on the criteria for the 
interpretation of the percentage of practicality, the group 
evaluation (student responses) was obtained with 
practical criteria or feasible/no need for revision. 
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