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Abstract: The background of this research is the use of learning resources that 
have not been effective in improving students' higher-order thinking skills. 

This study aims to develop a science module, analyze its validity, feasibility, 
and effectiveness on higher order thinking skills. This research type of 

research and development (R&D) uses the 4D development model according 
to Thiagarajan (Define, Design, Develop, Disseminate). The science module 
was validated by six validators. The effectiveness of the module is seen from 

the increase in the students' higher order thinking skills test scores from 36 
student. Validity was analyzed using Aiken's V, while effectiveness was 
analyzed with N-Gain. In the validation level, the learning material expert 

validator obtained a score of 0.91 with the category “valid”, the presentation 
expert validator obtained a score of 0.88 with the category “valid”, the linguist 

validation obtained a score of 0.91 with the category “valid”, and the graphic 
expert validation obtained a score of 0.88 with the category “valid”. A 
feasibility value of 79.8 by teachers with a feasible category. The effectiveness 

results show that the module has an effect on students' higher order thinking 
skills  as evidenced by the N-Gain score of the experimental class of 0,63 with 
a fairly effective category while the N-Gain score of the control class is 0,55 

with a less effective category. Thus, the developed e-module is declared valid, 
feasible, and effective. 
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Introduction  

 
The advancement of information and technology in 

the 21st century demands an improvement in the quality 
of education. To prepare quality education, it is 
necessary to improve the ability of one of them is the 
ability of higher order thinking skills (HOTS) (Jihannita 
et al., 2023). Ahmad et al. (2018) state that HOTS is a 
thinking skill that combines critical analysis, creativity, 
and problem-solving skills. HOTS has been deemed 
essential in learning because it has helped students 
understand the concepts more deeply and has 

developed critical, analytical, and creative thinking 
skills needed to understand science concepts (Boeren & 
Íñiguez-Berrozpe, 2022). Through HOTS, students have 
not only passively understood science concepts but have 
also learned to analyze, evaluate, and create new 
knowledge (Wu et al., 2024).  

Jansen & Möller (2022) have suggested that 
students with more HOTS tend to have achieved higher 
levels of achievement in science learning. They have 
been able to perform more in-depth information 
analysis, critically evaluate arguments, and create 
creative solutions to scientific problems. Similarly, 
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research Bulut et al. (2024) has suggested that learning 
designed to develop HOTS, such as problem-solving, 
inquiry, and reflective thinking, has positively affected 
students’ understanding of science concepts. 

Based on the results of the science literacy survey 
issued by PISA in 2022, Indonesia was ranked 67th out 
of 81 countries listed in the survey (OECD, 2022) with a 
score of 383. Because the majority of PISA questions are 
at the C4-C6 level, PISA results can be used as a 
benchmark for how well a country's students 
understand HOTS (Jamaluddin et al., 2019). This shows 
that Indonesia is in a low position and this condition is 
very concerning (Arafah et al., 2021). To improve 
students' higher-order thinking skills, student-centered 
active and constructivist learning models and strategies 
are needed (Mayasari et al., 2016). 

Learning models that have promoted HOTS in 
science learning have focused on creating a learning 
environment that encourages students to think critically, 
analytically, and creatively. One effective model has 
been PBL (Affandy et al., 2024). The main principles of 
PBL have involved challenging authentic problems, 
giving students autonomy in solving problems, and 
emphasizing collaboration and reflection (Hidajat, 
2023). Allowing students to develop HOTS such as 
analysis, evaluation, and creation, as they have had to 
face complex challenges that have required creative 
problem-solving (Kwangmuang et al., 2021). 
Furthermore, PBL has also been supported by deep 
mastery of science concepts, as students have been 
actively involved in investigating those concepts in the 
context of real-world relevant problems (Wan Husin et 
al., 2016).  

PBL has been proven to be a practical approach to 
enhancing these HOTS (Helsy et al., 2017). However, the 
PBL model also has some areas for improvement and 
difficulties in its implementation. Understanding 
natural science principles and applying those concepts 
in solving problems has often been a challenge for many 
students (Kusumawardani & Aminatun, 2024). Students 
often need help internalizing natural science theories 
and applying them in the context of real-world 
situations. There is a need for cognitive assistance for 
students who have difficulty in understanding science 
phenomena on chemistry topics. Cognitive assistance 
makes it easier for students to understand the problems 
presented and find solutions so that it will be easier to 
understand concepts when they have a good 
understanding of representation (Sundaygara & 
Gaharin, 2017). Thus cognitive assistance is needed in 
the form of multiple representation methods. 

The success of students in learning chemistry is 
characterized by the ability to solve problems using 
three levels of chemical representations (macroscopic, 

submicroscopic, and symbolic), known as multiple 
representations (Rizal & Aini, 2023). Multiple 
representation-based learning builds a more profound 
understanding and helps understand abstract concepts 
to be concrete (Hasbullah et al., 2019). Students need to 
have a thorough understanding of multiple 
representations to avoid conceptual errors (Kapici, 
2023). Facts in the field show that many students cannot 
use three chemical representations to explain a 
phenomenon (Safitri et al., 2019). Students have 
difficulty understanding chemical material, one of 
which is acid-base material (Meutia et al., 2021). 

Acid-base phenomena are easily found in everyday 
life, but this material has a high level of conceptual 
difficulty (Azizah et al., 2022). This material includes 
several subjects, including the concept of acid-base and 
its strength and equilibrium in solution. An example of 
conceptual errors that often occur in this material is that 
students often identify acids with corrosive properties, 
even though there are weak acids such as citric acid in 
oranges or vinegar that are not harmful to the skin 
(Jusniar et al., 2024).  

This misconception can occur because students find 
it difficult due to the lack of learning visualization at the 
submicroscopic level of chemical representation in using 
images of molecules or ions to explain phenomena that 
cannot be seen with the naked eye, such as the chemical 
reaction of a solution (Rizal & Aini, 2023). To distinguish 
the acidity of a solution can be done by experiment, 
where students observe the difference in the flame of the 
lamp and the bubbles produced (macroscopic), 
understand the movement and state of ions, electrons, 
water molecules, molecules of a substance in solution or 
in a conducting wire (submicroscopic), and write it in 
the form of a reaction equation (symbolic). These three 
levels of representation need to be well understood in 
order to avoid misconceptions and be able to solve 
problems appropriately (Alighiri et al., 2018). 

The results of the needs analysis show that the main 
learning resources used by teachers during the learning 
process are chemistry textbooks. There has never been a 
problem-based analysis of the chemistry textbooks used. 
The books are selected only based on completeness, use 
of simple language, and conformity with the curriculum. 
This shows that teachers only focus on the content of the 
material and do not prioritize contextuality, so the 
approach used in helping students solve problems is less 
structured. Teachers stated that they usually rely on 
textbooks to deliver the material and the questions given 
during the exams are usually still at the C1-C3 level.. In 
addition, there are no questions that help strengthen 
students' HOTS in the textbooks used. Therefore, all 
teachers stated the need to develop a problem based 
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learning-multiple representation module to improve 
students' HOTS skills. 

The findings of the problem require a learning 
resource solution that does not only provide one-way 
information. However, learning resources must also 
describe phenomena in the form of real-world problems 
using macroscopic, submicroscopic, and symbolic 
representations. The combination of problem-based 
learning models and multiple representations (PBL-MR) 
on acid-base material is a new offer in science learning 
in improving students' higher order thinking skills on 
acid-base material. Therefore, this study aims to develop 
a PBL-MR science module on acid-base material, analyze 
the validity, feasibility, and effectiveness of the 
developed module. 

 
Method  
 

This type of research is known as development 
research (R&D), which aims to define, design, develop, 
and disseminate. The subjects of this research were UNS 
chemistry lecturers and chemistry teachers as validators. 
The students who were used as research subjects were 
students of class XII IPA SMAN 1 Ngemplak. 
 

 
Figure 1. 4D development model procedures 

The module was developed using 4D's 
development model which consists of four main stages; 
define, design, develop, and disseminate. 4D's stages can 
be seen in Figure 1.  

 
Define 

This stage includes defining the product to be 
developed and its definitions and specifications. This 
stage consists of an initial-end analysis, namely problem 
analysis to analyze alternatives that can be developed to 
solve problems, learner analysis, task analysis, concept 
analysis. problem analysis, learner analysis, task 
analysis, concept analysis. This stage is carried out by 
conducting literature studies on books, journals, and 
other references. 

 
Design 

The design stage is the stage of designing the 
module grids to be developed. This stage is carried out 
after analyzing the learning material and determining 
the objectives to be achieved. At this stage, the visuals of 
the module are designed, the form of activities in the 
module adjusts the syntax of the selected learning 
model, and determines the assessment instruments to be 
developed. The result of this stage is the initial draft of 
the module. 
 
Development 

The development stage is the stage of developing 
the module product and evaluation instrument based on 
the question grid that has been designed. After that, the 
module product is validated by experts and then the 
module is revised based on input from the validators. 
After the module is revised, a feasibility test of the 
developed module is carried out by implementing it in a 
small-scale trial. 

 
Disseminate 

This dissemination stage is the stage of using the 
developed science module. Module validation is carried 
out by giving a score of 1 - 5 on each item with the 
aspects measured, namely material validation, 
presentation, language, and graphics. 

 

V =
Σ𝑠

[n(c−1)]
             (1)  

 
With: s = r-lo, V = Rater agreement index, lo = Lowest 
validity assessment number (in this case = 1), c = Highest 
validity assessment number (in this case = 5), n = 
Number of raters.  

Aiken's V value coefficient ranges from 0-1. If the 
result obtained is close to 1, the higher the validity value. 
Conversely, if the result obtained is close to 0, then the 
validity is getting lower (Aiken, 1985). 
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The assessment of high-level thinking skills 
consisting of critical thinking essay tests and problem 
solving was given to the experimental class and the 
control class to assess the effectiveness of the module. 
The experimental class used modules that had been 
valid and feasible in learning, while the control class 
used existing teaching materials at school.  

Tests were given before and after the lesson. Pre-
test and post-test result were analyzed using the N-Gain 
formula to see the effectiveness of modules in improving 
higher order thinking skills. The N-gain formula is 
shown in the Equation 2. 

 

N − Gain =
Posttest score−Pretest score

Max score−Pretest score
            (2) 

 
Based on the results obtained, the categories can be 

grouped based on Table 1.  
 
Table 1. Interpretation of N-Gain 
N-Gain score Category 

< 40 Ineffective 
40-55 Less effective 

56-75 Moderately effective 
>76 Effective  

 
Result and Discussion 

 
This study developed a PBL-MR-based module on 

the topic of acid-base using the Thiagarajan model, 
which consists of four stages, namely: 

 
Define stage 

In the defining stage, teacher needs analysis was 
conducted to reveal the teacher's needs for the 
availability of science learning modules. In addition, the 
teacher needs analysis revealed the implementation of 
science learning, especially the implementation of 
problem based learning-multiple representation. The 
results of the teacher needs analysis are presented in 
Table 2. 

The needs analysis was not only conducted on 
teachers, but also on students. Just like the teacher's 

needs analysis, students were also given a questionnaire 
to reveal the problems experienced by students during 
the science learning process. In addition, unstructured 
interviews were also conducted with some students.  
 
Table 2. Teacher Needs Analysis Results 
Question indicator % 

There are difficulties in delivering acid-base material 66.7 
Application of problem-based learning 33.3 

Application of learning with various representations 0 
Providing HOTS questions on acid-base material 0 

The need for learning resources that can improve 
students' HOTS 

100 

 
The results of the student needs analysis are 

presented in Table 3. The next step is to analyze the tasks 
that have been carried out by analyzing the questions 
given by the teacher. The results of the analysis show 
that the types of assessment instruments used by 
chemistry teachers include multiple choice questions 
with five distractors, and short form/essay. The Bloom's 
Taxonomy cognitive domain that can be seen from the 
daily test questions made by the teacher is at the C1-C3 
level. 

Continued with the analysis of the chemistry 
material chosen for the development of HOTS questions 
is acid-base. The selection of this material is based on the 
low student learning outcomes at SMAN 1 Ngemplak on 
acid-base material. Pebrianti et al. (2024) explained that 
acid and base materials are conceptually dense and 
require integration of understanding from many areas of 
introductory chemistry. In addition, the acid-base 
concept emphasizes two components, namely 
algorithmic and conceptual. Algorithmic is found in 
determining the concentration of acid-base solutions, 
pH or pOH, finding Ka and Kb, and percent ionization. 
Conceptual includes an explanation of various acid-base 
phenomena in life. The acid-base learning process 
should be contextual, creative, and critical to explore 
deeper knowledge. However, in its implementation, 
students are less involved in building higher-order 
thinking skills (Ningsih & Kamaludin, 2023).

 
Table 3. Student Needs Analysis Results 
Question indicator % 

There are limitations in the textbooks provided by the school 66.7 
There are difficulties in understanding the topic of acid-base with the chemistry book used and the method applied by 
the teacher 

33.3 

Application of problem-based learning 100 
The need for learning resources that help students understand the concept of acid-base better 100 

Design Stage 
The second stage in the 4D model is design. In this 

design stage, a design is carried out to create a problem-
based learning module with predetermined material. At 

this stage, the module scenario is compiled along with 
an attractive module design. Learning in the science 
module is delivered through the syntax of a problem-
based learning model that contains multiple 
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representations to improve students' HOTS. The 
integration of problem-based learning syntax with 
activities in the module can be seen in Table 4.  

The module content section contains a concept 
map, learner outcomes as indicators, and learning 
activities such as table 4 which are adapted to the PBL 

syntax. In general, the material in this module is 
organized into four main sections: 1) acid-base 
indicators, 2) acid-base concepts, 3) Kw, pH, and pOH 
concepts, and 4) Acid-Base Strength. The closing part of 
the module consists of evaluation questions, a 
bibliography, a glossary, and a back cover. 

 
Table 4. Learning Activities in Module 
Syntax PBL Activities in the module 

Orienting students to the problem  Problem orientation through the presentation of phenomena in daily life 
Organizing students to learn Group formation and formulate the problems encountered in the 

orientation stage 

Guiding individual and group investigations Search for references to answer the formulation of problems made/ 
conduct experiments to answer problems 

Develop and present work Presenting the results of the discussion  

Analyze and evaluate the problem solving process Rechecking answers and summarizing the results of the discussion 

Development Stage  
The development stage in this study includes the 

results of module validation by validators. After the 
validation was carried out, the suggestions and input 
obtained were then used as guidelines for revising the 
initial module product. 

 
Material expert validation 

The complete material expert validation results are 
shown in Table 5. Based on the validator's assessment 

for all material components, the material validity results 
obtained an average Aiken V value of 0.91 with a valid 
category. Modules designed with feasible criteria from 
the aspects of content and suitability of the PBL model 
are beneficial for learners to build problem-solving, 
independent investigation, critical thinking decision-
making, and active involvement of learners (Orulebaja 
et al., 2021; Distrik et al., 2022).

 
Table 5. Module Validation Results by Material Experts 
Assessment aspect   Item  V Criteria 

Material Coverage 1, 2, 3   0.89 Valid 

Factual Accuracy 4, 5 0.96 Valid 
Current & Relevant 6, 7 0.88 Valid 
Does not contain racial, intellectual property, bias, and pornographic content. 8 0.92 Valid 

Training, Assignment, and Assessment as per assessment demands 9 0.92 Valid 
Develops Thinking skills 10 0.91 Valid 
Average                      0.91    Valid 

Presentation Expert Validation 
The complete presentation component validation 

results are shown in Table 6. 
 

Table 6. Module Validation Results by Presentation 
Experts 
Assessment aspect Item  V Criteria 

Presentation technique 1, 2, 3, 4 0.88 Valid 

Supporting material presentation 5, 6, 7, 8 0.90 Valid 
Presentation of learning 9, 10, 11 0.88 Valid 
Completeness of presentation 12, 13, 14 0.88 Valid 

Average                       0.88     Valid 

 
Based on the validator's assessment for all 

presentation components in the module that has been 
developed, the results of the validity of the presentation 
obtained an average Aiken's V value of 0.88 with a valid 
category. The results of expert validation on the 

presentation component show that the acid-base science 
module has been well presented to meet the feasibility 
of support, technique, and completeness of presentation 
(Arigiyati et al., 2019). 

 
Linguist Expert Validation 

The complete language component validation 
results are shown in Table 7. Based on the validator's 
assessment for all language components, the results of 
language validity obtained an average Aiken's V value 
of 0.92 with a valid category. This shows that the 
problem-based learning-multiple representation-based 
science module on the topic of acid-base developed has 
been following the rules of good and correct Indonesian 
language, straightforward, coherent thinking flow, 
dialogical and interactive, designed following the 
students' level of development (Rahayu et al., 2023).  
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Table 7. Module Validation Results by Language Experts 
Assessment aspect   Item  V Criteria 

Readability 1, 2, 3, 4 0.84 Valid 
Straightforward 5, 6, 7 0.91 Valid 
Coherent flow of thought 8 0.81 Valid 

Dialogical & interactive 9, 10 1 Valid 
Appropriateness to learner development 11, 12 0.90 Valid 
Appropriateness with language rules 13, 14, 15, 16 0.96 Valid 

Consistency in the use of terms 17 1 Valid 
Average                         0.92    Valid 

Graphic Expert Validation 
The complete presentation component validation 

results are shown in Table 8. Based on the validator's 
assessment for all components of the graphics 
presentation on the module that has been developed, the 
results of the validity of graphics obtained an average 

Aiken's V value of 0.88 with a valid category. This shows 
that the problem-based learning-multiple 
representation-based science module on the topic of 
acid-base developed has an apparent font size, cover 
display, and overall attractive module content (Kautsari 
et al., 2023).

 
Table 8. Module Validation Results by Graphic Experts 
Assessment aspect Items V Criteria 

Module size 1, 2 0.94 Valid 
Module cover design 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16 ,17, 18  0.84 Valid 

Module content design 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 
44, 45, 46, 47 0.85   Valid  

Average                                       0.88     Valid 

The recapitulation results of the module validation 
on the four aspects by the validator can be seen in Table 
9. Based on the assessment of all validators on the four 
aspects of the assessment, the average value of Aiken V 
value is 0.89 with valid criteria, so the developed module 
is declared valid and suitable for use as a learning 
resource. The feasibility test of material, presentation, 
language, and graphics is an essential part of the 
development of teaching materials because it can help 
and facilitate students in understanding teaching 
materials (Pramudiyanti et al., 2023). 
 
Table 9. Module Validity Result 
Component V Criteria 

Material 0.91 Valid 
Presentation 0.88 Valid 

Language 0.92 Valid 
Graphics 0.88 Valid 
Average 0.89 Valid 

 
In addition to validating the module with an 

assessment score, the validator also provided comments 
and suggestions for improving the draft module. 
Revisions made to the draft module are in the form of 
repairing low-resolution images that look broken, 
typing errors, ineffective sentence structure, and adding 
image captions. 

Next, small group trials were conducted with six 
students. This small group trial used a readability 

questionnaire. The results of the small group trial 
analysis can be seen in Table 10. 

 
Table 10. Results of the Small Group Trial Analysis 
Component % Average  Criteria 

Attractiveness 79.3 Feasible 

Readability 76.7 Feasible 
Display 79 Feasible 

 
The small group trial was conducted on the module 

by six students who had different ability levels, namely 
high, medium, and low ability levels. There were three 
aspects carried out in the small group readability test, 
namely the attractiveness aspect, the readability aspect, 
and the display aspect with an average score of 79.3 with 
a good category. This means that the material presented 
in the module is presented in an interesting way and can 
increase students' interest in learning (Damayanti & 
Perdana, 2023).  

In the readability aspect, the average score is 76.7 
with a good category. This shows that the module can be 
read clearly and easily understood by students (Lafifa et 
al., 2023). In the display aspect, the average score is 0.79 
with a good category. This shows that the selection of 
images, tables, and colors in the module is appropriate 
(Aldilla & Usmeldi, 2024). 
 
The Desseminate Stage 

The goal of the module is to improve students' 
higher thinking skills. A higher-order thinking skills test 
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with eight analytical questions is given to evaluate 
critical thinking and four essay questions to evaluate 
problem solving. Test were given to the experimental 
and control groups both before (pre-test) and after (post-
test) the lesson.  

With a maximum score of 54, the pre-test scores for 
the two courses were comparable: 36 for the 
experimental class and 36 for the control class. The 
average score for the experimental class was 40, while 
the average score for the control class was 35. With a 
maximum score of 92, the experimental and control class 
post-test outcomes were 78 and 71, respectively.  

The post-test socre is significantly higher than the 
pre-test score. This happens because Students typically 
receive instruction or training that greatly expands their 
knowledge and abilities. Research indicates, for 
instance, that gamified learning interventions can raise 
student motivation and academic accomplishment, both 
of which are correlated with improved post-test results 
(Stratton, 2019). 

To determine the effectiveness, the N-Gain formula 
was used. From the N-Gain analysis, the results obtained 
were 0.63 for the experimental class which was included 
in the moderately effective category and 0.55 for the 
control class which was included in the less effective 
category. Students who used the problem-based 
learning module-multiple representations on acid-base 
material had a greater N-Gain percentage compared to 
students who did not use the module (Putri et al., 2024). 
Table 11 displays the N-Gain analysis's findings. 
 

Table 11. N Gain Analysis Result 
Class N-Gain Criteria 

Experiment 0.63 Moderately effective 

Control 0.55 Less effective 

 
Students' use of instructional resources created 

especially for problem based learning is credited with 
this efficacy. Students that participate in problem-based 
learning must work together with other students to 
solve challenges, which can improve their higher order 
thinking skills (Taufiqurrahman et al., 2025).  

This final stage also involved disseminate the 
module to 3 chemistry teachers. The scores given by the 
teachers at this stage are presented in Table 12. 

 
Table 12. Teachers' Responses to Module Feasibility 
Component % Average  Criteria 

Self-instruction 79 Feasible 
Self-contained 80 Feasible 
Stand alone 80 Feasible 

Adaptive 73 Feasible 
User friendly 87 Feasible 
Average  79.8 Feasible 

 

Based on the teacher's response to the five aspects 
of the assessment, an average percentage of 79.8 was 
obtained with a decent category. This shows that the 
developed module meets the eligibility criteria for 
learning resources. A decent module must meet the 
criteria of self-instruction, self contained, stand alone, 
adaptive, and (5) user friendly (Herdiana et al., 2022). 

 

Conclusion  

 
A problem based learning-multiple representation 

(PBL-MR) science module has been developed to 
improve higher order level thinking skills in acid-base 
material with a 4D development model, where this 
model consists of the stages of define, design, develop, 
and disseminate. The designed problem-based learning-
multiple representation module has been proven valid, 
feasible, and successful in improving students' high 
order thinking skills, according to research that has been 
conducted. Science learning using a PBL-MR science 
module on acid-base material can be used as a reference 
for further research. 
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