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Abstract 
___________________________________________________________________ 

Twenty first century learning directs teachers and students to develop learning 

to promote critical thinking skills. The learning model accommodating critical 

thinking skills is inquiry. Chemistry learning modules that have not used a 

chemical representation approach. This study aims to produce chemical 

representation based equilibrium modules with a decent and quality inquiry 

approach. This research is a development research from Thiagarajan modified 

4D model. Four stages of development are Define (design), Design (Develop), 

Develop (development), and Disseminate (spread), with disseminate not done. 

Evaluation of module feasibility is seen from the validity and effectiveness of 

the module. The effectiveness of the module is seen from the increase in 

learning outcomes and improvement of students' critical thinking skills. Based 

on the results of the analysis obtained a validity value of 3.41 (85.25%) with a 

very good category. In a large-scale trial obtained an increase in learning 

outcomes through the N-Gain test obtained an average value of 0.72 with a 

high category, while the aspect of critical thinking was assessed based on 

observations on the observations and explanations of students in answering 

questions. Critical thinking ability of students at a score of 3.35 with a good 

predicate. While the response of students who agreed to use the chemical 

module was 96%. The average score of posttest using critical thinking 

questions is 81.39. Based on the results of the evaluation of inquiry-based 

chemical equilibrium material modules and the chemical representation 

approach it is said to be feasible and effective for learning. 
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INTRODUCTION 

Chemistry is one branch of science that 

studies matter and energy that accompany 

material changes. (Effendy, 2007; Aliyah et al., 

2018). Chemistry is very close to human life, 

but studying chemistry as a subject is still 

considered difficult by most students, due to the 

nature of complex concepts and abstract 

phenomena (Wang, 2007). Difficulties in 

studying chemistry are also caused by the 

complexity of the calculations involved, 

languages that are rarely used in everyday life, 

and differences in levels of representation used 

by chemists in explaining chemical phenomena 

(Gabel, 1993; Sheppard, 2006). 

Experts describe chemistry using levels of 

representation that include macroscopic, sub-

microscopic, and symbolic representations 

(Johnstone, 1982; Nyachwaya & Wood, 2014). 

Understanding chemistry requires the ability to 

think using three different but interconnected 

levels of representation that are macroscopic, 

submicroscopic, and symbolic (Johnstone, 

2000; Chandrasegaran, 2007; Chittleborough & 

David, 2007).  The concept of chemical 

learning using multiple representations is a 

form of representation that combines text, real 

images, or graphics, and symbols (Herawati  et 

al, 2013).  Learning activity using 

representations can bridge the process of 

students' understanding of the chemical 

concepts: Development of chemical 

representations based on the sequence of 

phenomena seen, reaction equations, atomic 

and molecular models, and symbols (Sunyono, 

2011; Herawati et al., 2013; Sunyono et al., 

2015). 

Chemical phenomena are described and 

explained by chemists in three levels of 

representation. Macroscopic representation is a 

concrete level, in this level students observe 

phenomena that occur, either through 

experiments conducted or phenomena that 

occur in everyday life. Sub-microscopic 

representation is an abstract level that explains 

macroscopic phenomena. This representation 

provides an explanation at the particle level 

where matter is described as an arrangement of 

atoms, molecules and ions, while symbolic 

representations are used to represent 

macroscopic phenomena using chemical 

equations, mathematical equations, graphs, 

reaction mechanisms, and analogies 

(Johnstone, 1982; Sunyono, 2011; Nyachwaya 

& Wood, 2014; Sunyono et al., 2015). 

Conceptual understanding in chemistry 

involves the ability to represent and translate 

chemical problems into the form of 

macroscopic, sub-microscopic, and symbolic 

representations (Bowen & Bunce, 1997). 

Chemistry learning generally tends to limit at 

the macroscopic level and symbolic level only, 

sub-microscopic representations tend to be 

ignored. Chemical learning that emphasizes 

symbolic level and problem solving causes 

students to have difficulty developing 

conceptual understanding in chemistry (Gabel, 

1993). 

Teaching materials are all forms of 

material or set of materials arranged 

systematically and used to help teachers and 

students in carrying out learning activities 

(Hamdani, 2010). Appropriate teaching 

materials will support the achievement of 

learning objectives (Lestari et al., 2018). 

Teaching materials made with a chemical 

representation approach and integrated material 

presentation using a learning model will help 

students understand the material. Learning 

using a module-assisted inquiry model can 

improve the understanding of the concept of 

hydrolysis (Septiani et al., 2014). The inquiry 

learning model can train students to develop 

curiosity, scientific thinking skills, and critical 

thinking skills (Oguz-Unver & Arabacioglu, 

2011; Corlu & Corlu, 2012).  Inquiry is a 

method related to student activities in 

developing science (Oguz-Unver & 

Arabacioglu, 2011). 

Wahyudin et al. (2010), Ngertini et al. 

(2014), and Wibowo et al. (2015) suggested that 

the inquiry model is teaching requires students 

to process messages so that they gain 

knowledge, skills, and values. Inquiry learning 

is applied so students are free developing the 
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concepts they learn is not only limited to the 

material just recorded then memorized 

(Yulianingsih et al., 2013; Trisanti et al., 2013; 

Choerunnisa & Wardani, 2017; Wardani & 

Sumarti, 2017; Ika et al., 2017). 

Based on the standard content of high 

school chemistry subjects, one of the subjects 

studied is chemical equilibrium. Chemical 

equilibrium is a condition when the reaction 

rate is forward and vice versa the same in the 

reversible process. Chemical and physical 

processes in dynamic equilibrium Petrucci et al. 

(2011). Driel & Graber (2002) and Demircioglu 

et al. (2013) say that one of the chemical 

concepts that is difficult for students to 

understand is chemical equilibrium material. 

Chemical equilibrium topics related to chemical 

reactions, stoichiometry and micro kinetics are 

abstract topics for students. In this material 

representation is needed which can help 

students in understanding the concept of 

chemical equilibrium (Wu et al., 2000). 

The instrument used to assess critical 

thinking skills and problem solving should be 

guided by basic knowledge. In solving problems 

the process of thinking is more important than 

the knowledge possessed. Instruments of critical 

thinking skills pay attention to the 

strengthening of the basic concepts of student 

material (Carson, 2007; Redhana & Liliasari, 

2008; Amalia & Endang, 2014). 

Understanding the concept of 

equilibrium through chemical representation 

will improve students' critical thinking skills 

Facione (1990). The practice of critical thinking 

is to think seriously, actively, and accurately in 

analyzing all information that has been received 

with a rational reason, able to explain the 

reasons for problem solving, so as to produce a 

formula or conclusion that can be applied in 

daily life (Snyder & Snyder, 2008; Liberna, 

2011; Thomas, 2011; Villalba, 2011). 

Understanding of chemical concepts 

through a chemical representation approach 

will improve the ability of students to interpret, 

analyze, conclude, and provide explanations, so 

the creation of inquiry-based equilibrium 

teaching materials with inquiry approaches is 

expected to improve students' critical thinking 

and ability. The use of teaching materials that 

combine the incuri model with chemical 

representation is expected to be able to 

construct concepts through the relationship of 

observed macroscopic levels with concepts at 

the sub-microscopic and symbolic level so that 

students can fully understand the concept of 

chemistry. 

METHODS 

This research is research and 

development (research and development or R & 

D). The development model used is a modified 

4-D model as suggested by Thiagarajan, which

consists of defining, designing, developing, and 

disseminating Trianto (2013). This study 

modified the 4-D model, namely simplification 

of four stages into three stages, namely define 

(definition), design (design), and develop 

(development). The product developed using 

this modified 4D model was tested for validity 

and its effectiveness was a chemical equilibrium 

material module with inquiry-based chemical 

representation approach. This research was 

conducted in class X1 of the Al-Irsyad Al 

Islamiyyah Exemplary High School-Islamic 

High School in Purwokerto. In the small class 

trial the subject was 20 students, while the trial 

of 1 (one) real class which was the subject of the 

study was a large class with 36 students. The 

focus of this research is the development of 

valid and effective modules. Indicators of 

success in this study are: 1) this device is 

declared valid if the average value is in the 

range of 3.00 ≤ n ≤ 4.00; 2) this device is 

declared effective if: a) the cognitive average 

score of students ≥ 75 with 75% classical 

completeness; b) Critical thinking ability of 

students reaches an average of both with a 

minimum value of 2.50. 

The steps in this development include 

define phase which consists of analysis of 

syllabus, material, students, assignments, and 

teaching materials. The design phase is to 

design the product with characteristics that 

have been analyzed at the define stage. And 
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finally the development stage by validating 

modules and devices. Then the products will be 

tested on limited classes and large scale classes. 

In the large-scale trial aspects measured aspects 

are cognitive aspects in the form of mastery of 

concepts, aspects of students' critical thinking 

skills. 

Gain calculation of normalized (N-Gain) 

Calculating Gain normalized score 

based on the formula by Archambault (2008), 

namely: 

Table 1. Criteria normalized Gain 

Percentage Classification 

N-Gain > 70 High 

30 ≤ N-Gain ≤ 70 Moderate 

N – Gain < 30 Low 

RESULTS AND DISCUSSION 

Results of Validation of Research Instruments 

The initial product development (draft I) 

was validated by four validators. Validation is 

carried out on (1) teaching materials, which 

consist of material assessment and readability 

assessment, (2) syllabus, (3) lesson plan, (4) 

response questionnaire, (5) cognitive test 

questions, (6) observation sheet assessment 

aspects of thinking ability critical. The 

recapitulation of the results of the validation of 

the research instruments is presented in Table 2. 

Table 2. Summary of Results of Expert 

Validation on Learning Devices 

N Device 

Value 

Validatio

n 

Criteri

a 

Categor

y 

1 
teaching 

material 
3.41 Valid Good 

2 Syllabus 3.37 Valid Good 

3 
Lesson 

plan 
3.26 Valid Good 

4 

Inquiry 

Observatio

n Sheet 

3.33 Valid Good 

5 

Critical 

Thinking 

Ability 

Observatio

n Sheet 

3.2 Valid Good 

6 
Student 

Response 
3.33 Valid Good 

Based on the results listed in Table 1. It 

can be concluded that all research instruments 

have valid criteria. The results of the research 

are Muna et al. (2016) report the results of the 

study.  They showed that there was an effect of 

implementing guided inquiry learning on 

student metacognition skills. Existence the 

influence of guided inquiry learning on 

metacognition skills is due activities carried out, 

student collaborative interactions, as well as the 

role of the teacher as facilitator. Increased 

metacognition skills of students are on the 

criteria high. While Wibowo et al. (2015) have 

developed chemical modules that are closely 

related to inkuri which thermochemical 

material can improve student logic. 

The Effectiveness of Inquiry-Based Module 

Teaching Materials with a chemical 

representation approach 

The effectiveness of the product is known 

based on the results of the analysis of cognitive 

competencies, the ability of students' critical 

thinking skills. The achievement of these two 

competencies is the goal of implementing the 
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module in the process of teaching and learning 

activities. 

The results of students' cognitive 

competencies are obtained after students carry 

out pretest and posttest activities. The pretest 

and posttest questions consist of 30 questions 

with 30 multiple choices. Increased cognitive 

ability is known through calculation of 

normalized gain values between the values of 

the pretest and posttest. The results of the 

pretest-posttest values can be seen in Table 3. 

Tabel 3.  Pretest and Posttest Data 

Data 
Avera

ge 

Ma

x 

valu

e 

Min 

Valu

e 

Sign 

Data 

normali

ty 

Pretes

t 
32,41 50 20 

0,06

1 
Normal 

Postte

st 
81,31 

93.3

3 
60 

0,12

0 
Normal 

The results of the study obtained the 

average value of pretest 32.41 and the average 

posttest value was 81.31. The results of the N 

gain average mastery of the concept are 0.72 in 

the high category. Classical learning 

completeness of students shows that as many as 

31 of 36 students get scores minimal 

completeness criteria above 75 (complete). The 

results of the pretest-posttest values can be seen 

in Figure 1. 

Figure 1. Comparison diagram of pretest and 

posttest 

The data above shows that the use of 

inquiry-based chemical equilibrium module 

teaching materials with a chemical 

representation approach can significantly 

improve students' cognitive abilities. The paired 

test results showed that the price of tcount was 

2.04 with 35 degrees of freedom, the value of t 

table for error was 5%  1.72. Because t count is 

greater than t table, it means that the learning 

outcomes of mastering the concept of students 

have exceeded minimal completeness criteria 

are 75 or achieved mastery learning. These 

results also show that cognitive abilities have 

met the effective criteria. The results of this 

research are in line with the research conducted 

by Pratiwi et al. (2018) stating that the ability of 

science processes will increase with the use of 

chemical representation based worksheets. 

Wardani (2016) states inquiry learning 

improves understanding of the concepts and 

oral activities of students.  Attitude aspects are 

measured through observation using 

observation sheets during the implementation 

of learning. The average score of students' 

critical thinking reaches 3.35 from the highest 

score of 4. 

Aspect of student attitudes observed was 

focused on creative attitudes which consisted of 

7 components, namely focusing questions, 

analyzing arguments, asking questions and 

answering questions, observing and considering 

observations, identifying assumptions, 

determining actions, defining and evaluating 

the results of definitions. From the seven 

indicators the lowest critical thinking indicator 

is to identify assumptions with a score of 84.95. 

The results of the observations show that the 

average value of students' critical thinking 

abilities increases the initial and final meetings. 

The average value of each aspect of the 

assessment of students' critical thinking skills is 

presented in Figure 2. 0

20

40

60

80

100

Pretest Postest

sc
o

re
 

examination 
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Figure 2. Critical Thinking Ability Score Chart 

Based on Figure 2 it can be seen that the 

average value of each aspect assessed has 

increased. Overall aspects of students' critical 

thinking abilities are increasing from the 

beginning to the end of the meeting. 

Results of Student Response to Modules 

The results of the analysis of student 

response data showed that of 36 students who 

strongly agreed as many as 7 students, agreed 

as many as 28 students, disagreeing as much as 

1 student.  The full results of the student 

response questionnaire can be seen in Figure 3. 

Figure 3. Student Response Diagram of the 

Module 

Figure 3 shows that overall students in 

the development stage gave a very good 

response to the use of inquiry-based chemical 

equilibrium modules with a chemical 

representation approach. From the results 

obtained, 96% are in the agreed category and 

strongly agree. 

Data from these observations show that 

project-based chemical equilibrium modules 

with a chemical representation approach can 

improve students' critical thinking skills. This 

teaching material can be an innovation in 

chemistry learning where chemical learning 

does not only emphasize the achievement of 

learning outcomes, but also the ability of 

students to produce a real product. Thus, it is 

expected that students' abilities are not only 

limited to theory but also understand the 

application of a science so that it can create a 

generation of quality. 

Discussion 

The discussion of development research 

describes the steps in making inquiry-based 

teaching materials, the suitability of the final 

product with the development objectives and 

the advantages and disadvantages of the final 

product produced teaching materials. 

Discussion of Product Design 

The research procedure used by 

researchers adopted Sugiono's development 

which was limited to 8 steps of development 

research namely potential and problems, data 

collection, product design, design validation, 

design revision, small-scale product testing, 

product revision, large-scale product testing. 

Teaching materials that researchers develop are 

adjusted to inquiry syntax which consists of 

problem orientation, asking questions, making 

hypotheses or guessing answers, collecting data 

related to questions, formulating conclusions 

based on data (Hamruni, 2012). The module 

presentation is adjusted to the inquiry syntax 

and the chemical representation approach 

which includes macroscopic, sub microscopic 

and symbolic on chemical equilibrium material. 

The combination of inquiry syntax and 
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chemical representation as follows the problem 

orientation stage, asking questions and 

hypotheses become part of the presentation of 

the concept of equilibrium in a macroscopic 

manner, the data collection stage represents 

sub-microscopic which includes micro-

delineation of chemical equilibrium 

phenomena, and the stage of formulating 

conclusions representing chemical 

representation symbolic in the form of 

formulas, graphs and numbers. 

Results of discussion on teaching material 

validation 

Validation was carried out on teaching 

materials, syllabus, lesson plans, student 

response questionnaires, questions, and critical 

thinking observation sheets. The maximum 

validation score obtained for each instrument is 

different, depending on the number of validity 

assessment criteria. Based on the results listed 

in Table 2 it can be concluded that all research 

instruments have valid criteria. So that all 

instructional materials can be used to measure 

(Sugiono, 2015), and are appropriate to use. 

Discussion of Teaching Materials to Improve 

Concept Understanding 

This study produces inquiry based 

chemistry-based teaching materials that can 

improve concept understanding seen in critical 

thinking skills as indicated by students' 

cognitive learning outcomes in Table 3. The 

results of this study are in accordance with 

Septiani et al. (2014), Yotiani et al. (2016), 

Hairida (2016), Wardani et al. (2017), Riyani et 

al. (2017), Lestari et al. (2018) which states 

learning using the inquiry approach will 

improve the understanding of students' 

chemical concepts. In accordance with the 

research of Wahyudin et al. (2010), Ngertini et 

al. (2014), and Wibowo et al. (2015) who 

suggested the inquiry model is teaching that 

requires students to process messages so that 

they acquire knowledge, skills, and values. 

According to research Yulianingsih et al. 

(2013); Trisanti et al. (2013); Choerunnisa et al. 

(2017); Wardani & Sumarti (2017); Ika et al. 

(2017) students are free to develop the concepts 

they learn. 

Teaching Materials Based on Inquiry with the 

Chemical Representation Approach 

This study uses an inquiry learning 

model with a chemical representation 

approach, in which the product has been 

produced in the form of chemical 

representation based inquiry materials. 

Teaching materials produced in the category of 

valid and appropriate in accordance with the 

study. Based on the results of the study, the use 

of teaching materials is able to improve 

understanding of concepts and students' critical 

thinking skills. In accordance with the results of 

research by Kozma (2000, 2003), Cloonan et al. 

(2011), the use of chemical representations in 

macroscopic, sub microscopic and symbolic 

levels is the key explanation of chemical 

phenomena, Wijayanti et al. (2015) have made 

very good categories of chemical equilibrium-

based material representation books, Muna et. 

al. (2016) stated that learning with inquiry can 

improve students' meta cognition skills. while 

Pratiwi et al. (2018) states that the ability of 

science processes will increase with the use of 

chemical representation based worksheets. 

While Wardani (2016) states inquiry learning 

improves understanding of students' concepts 

and oral activities. 

Critical Thinking Skills and Chemical 

Representation Based Inquiry Learning 

models 

The results of this study indicate the 

mastery of students' concepts which increases 

with the use of inquiry teaching materials and 

chemical representations. Mastery of concepts 

increases followed by critical thinking skills that 

increase also by using seven indicators of 

critical thinking skills obtained from derivatives 

of critical thinking indicators Ennis (1996). In 

line with the research of Budiarti et al. (2016), 

Maulida & Haryani (2016), Muna et al. (2016), 

Widowati et al. (2017), Khasanah et al. (2017).  

Adnan et al (2017) stated that inquiry learning 

is able to improve students' critical thinking 
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skills. While Weaver (2016) reported that 

critical thinking skills, problem solving and 

analysis of middle school students increased by 

using inquiry-based learning in the provision of 

pharmaceutical organic chemical based 

projects. Hairida (2016) reported the results of 

his research that inquiry-based learning 

modules with authentic assessments on additive 

material proved to be effective in improving 

inquiry abilities and students' critical thinking 

abilities. Liliawati et al. (2014) which states 

inquiry learning in accordance with the 

characteristics of high school students, because 

it maximizes its ability to act as a party that 

controls learning according to the provisions at 

the level of inquiry learning. 

Based on the research there are seven 

indicators observed including focusing 

questions, analyzing arguments, asking 

questions and answering questions, observing 

and considering observations, identifying 

assumptions, determining an action, and 

defining and evaluating the results of 

definitions. Kartimi (2013) reports that there are 

four indicators of critical thinking skills that are 

used to measure the understanding of the 

concept of chemical equilibrium. 

CONCLUSION 

Inquiry-based chemical equilibrium 

teaching material with a chemical 

representation approach that was developed 

valid for use in learning with the validation 

results from experts in all aspects of the module 

obtained values of 3, 41 with a very good 

category. The results of the learning device 

validation by experts show the average 

validation for the syllabus is 3.37 in the good 

category; the average score of lesson plan 3.26 

with a good category; inquiry inquiry table 3.30 

with a very good category; critical thinking 

observation sheet of 3.20 in good category; and 

the 3.33 student response questionnaire was 

very good category. 

Inquiry-based chemical equilibrium 

material modules with a chemical 

representation approach are declared effective. 

This is indicated by the learning outcomes of 

students who use learning devices to achieve 

minimal classical completeness criteria where 

the results of mastery of concepts are 86.11% 

and the average value of N-Gain is 0.72 with a 

high category. 

Inquiry-based chemical equilibrium 

material modules with a chemical 

representation approach can improve students' 

critical thinking skills. This is indicated by the 

average score of observations of students' 

critical thinking skills including seven indicators 

amounting to 84.95. Positive student responses 

to inquiry-based chemical equilibrium material 

modules with a chemical representation 

approach that is equal to 96%. 
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