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 Mastery of concepts is still the main standard of learning 

success in Indonesia. This study aims to analyze students' 

conceptual mastery of colloidal material through the 

RADEC (Read, Answer, Discuss, Explain, and Create) 

learning model. The research method used is the Pre-

Experiment method with the research design of One Group 

Pretest-Posttest Design. The number of subjects in this 

study were 18 students. Data were collected using 25 

multiple choice items used for pretest and posttest. Data 

were analyzed through normality test, t test and N-gain 

using SPSS version 21 for windows. The results of the 

Paired Sample T-Test showed that there was a significant 

difference between the pretest score (39.7) and posttest 

score (74.4) (p<0.05) with the N-gain value obtained was 

0.56. This means that there is an increase in the medium 

category in students' concept mastery through RADEC 

learning. 
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1. Introduction 

 

Mastery of concepts is a reciprocal relationship between the basic elements in a 

large structure that function together in its use. These basic elements are facts of 

knowledge that students must know to be able to solve a particular problem 

(Krathwohl, 2002). Mastery of concepts is also an effort that must be made by 

students in recording and transferring back a number of information from a certain 

subject matter that can be used in solving problems, analyzing, interpreting certain 

events (Silaban, 2014). 

 

Mastery of important concepts is owned by students. The importance of students 

mastering a concept according to Suranti et al (2016) is to be able to 

communicate, classify ideas, ideas or events that they experience in everyday life. 

Mastery of the concept is essentially an effort to overcome the knowledge gap 

between students who have high academic achievement and students who are low 
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(Thorndike, 1976; Carrol, 1963; Bloom, 1974). Students who develop mastery of 

concepts will be faster to do things related to procedural knowledge later than 

students who memorize and remember only (Nisrina et al, 2016). 

 

Anderson & Krathwohl (2001) explained the dimensions of knowledge consisting 

of factual, conceptual, procedural and metacognitive knowledge. Factual 

knowledge includes knowledge of terminology and elements. While conceptual 

knowledge includes knowledge of classification & categories, principles & 

generalizations, theories, models and structures. Then procedural knowledge 

includes (1) knowledge of skills in certain fields and algorithms; (2) knowledge of 

techniques and methods in a particular field; and (3) knowledge of the criteria for 

determining when to use appropriate procedures. And metacognitive knowledge 

includes strategic knowledge, cognitive domain and self-knowledge (Suwarto, 

2010). 

 

Anderson & Krathwohl (2001) classify cognitive domains which are revisions of 

Bloom's taxonomy in Figure 1: 

 

Figure 1. Combinations of the Cognitive Process and Knowledge Dimensions 

(Heer, 2012) 

 

The details of the domain are as follows: 

1. Remembering, namely the level of ability that requires students to try to 

regain knowledge from previous memories or memories, whether they 

have just been obtained or have been obtained for a long time. 

2. Understanding, namely the level of ability that requires students to 

understand or understand the subject matter presented by the teacher and 

can use it without having to relate it to other things. 

3. Applying, namely the level of ability that requires students to use general 

ideas, procedures or methods, principles, and theories in new and concrete 

situations. 

4. Analyze, namely the level of ability that requires students to describe a 

certain situation or situation into its constituent elements or components. 

5. Evaluate, namely the level of ability that requires students to be able to 

evaluate a situation, condition, statement or concept based on certain 

criteria. 
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6. Create, namely the level of ability that requires students to produce 

something new by combining various factors. The results obtained can be 

in the form of writing, plans or mechanisms. 

 

Mastery of concepts is still the main standard of learning success in Indonesia. 

This statement is supported by research conducted by Sopandi, Pratama & 

Handayani (2019), namely the difficulty of teachers to organize learning in 

accordance with the demands of the times, they are required to provide alternative 

solutions by developing a learning model that is appropriate to the Indonesian 

context. 

 

One of the learning models that has the potential to encourage students to master 

the learning concepts being studied is the RADEC learning model (Setiawan, 

2019). According to Sopandi (2017) the advantages of the RADEC learning 

model can encourage students to gain a good conceptual understanding of the 

material being studied. Another advantage of the RADEC model is that the stages 

of this model are easy for teachers to understand and remember (Setiawan et al., 

2020). 

 

This RADEC Learning Model has a positive impact on students through learning 

steps that encourage students to gain a high understanding (Setiawan et al, 2019) 

In line with the opinion of Handayani, et al (2019) revealed that learning using the 

RADEC model learning stages has been proven able to improve students' mastery 

of concepts. The steps of the RADEC model essentially emphasize students to 

carry out various activities in learning such as reading, answering, discussing, 

explaining, and creating works. The syntax of the RADEC learning model is 

presented in Table 1. 

 

Table 1.The syntax of the RADEC Learning Model 

Learning Model 

Syntax 

Steps 

RADEC Learning 

Read (R) First, students read books and other sources of information related to the 

material to be studied. Supporting this activity are learning resources in the 

form of textbooks or electronic books. Read (R) step before face-to-face 

activities. 

Next, students are given pre-learning questions. Questions whose answers 

are essential cognitive aspects that must be mastered by students after 

completing a particular subject matter. Questions from low order thinking 

(LOT) to high order thinking (HOT) skills. Pre-learning questions are 

given to students before face-to-face learning in class; 

Answer (A) Students answer pre-learning questions. This activity is carried out 

independently outside the classroom or at home based on the results of 

learning activities in the reading stage; 

Discuss (D) Learners study in groups (2-4 people) to discuss answers to pre-learning 

questions. At this stage the teacher can identify the various needs of 

students; 

Explain (E) Presentation of a classical explanation of the material that has been 

discussed. Resource persons can be selected from student representatives. 

In this case, the teacher acts to ensure that the student's explanation is 

correct and that other students can understand the explanation. The 
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resource person can also be a teacher but this is only done when it is 

confirmed that none of the students are able to become resource persons; 

Create (C) Students formulate creative ideas in the form of formulation of research 

questions, problem solving or making works that can be made and make 

them happen. Creative ideas are in accordance with the material that has 

been mastered and in accordance with everyday life. The teacher's job is to 

inspire students to get creative ideas through providing examples of 

creativity results that are themed with the material that has been studied or 

providing examples of creative ideas. 

Source: Sopandi, W. (2017) 

 

One of the materials studied in high school is colloids. In colloidal learning, most 

teachers do not hone students' conceptual knowledge because this material is only 

memorized, so many students experience misconceptions. This can be seen from 

the research analysis of Latisma, et al (2015) namely the students' conception of 

the colloid system in terms of rote learning styles, the results tend to be in the 

category of misconceptions. 

 

Several related studies that are relevant to RADEC learning research on 

chemistry, namely Vellanda, (2019) in his research entitled "Mastery of chemical 

equilibrium material through the implementation of the Read-Answer-Discuss-

Explain-Create (RADEC) learning model". The RADEC learning model can 

improve the mastery of concepts (average N-gain 48%, moderate category), 

meaning that it can improve the quality of the process and learning outcomes of 

students on chemical equilibrium material. Next is Siregar, (2019) in his research 

entitled “Design of polymer learning using the Read-Answer-Discuss-Explain-

Create (RADEC) model based on google classroom to develop conceptual 

mastery and creativity of SMK students in the manufacture of bioplastics. In his 

research, he discussed that each stage of RADEC was classified as high for the 

read, answer, explain, create stage and moderate for the discuss stage, while the 

mastery of students' concepts was classified as high (N-gain 0.73) according to the 

Hake criteria. Furthermore, Ritonga, (2019) in his research on the effect of gender 

on actual abilities on colloidal material. The results showed that female students 

had a better actual ability increase than male students. 

 

Based on the explanation above, this study aims to analyze (1) the differences in 

students' conceptual mastery of colloid material before and after being given 

treatment using the RADEC learning model; and (2) increasing students' mastery 

of concepts on colloidal material through the RADEC learning model. 

 

 

2. Methodology 

 

Research Locations and Subjects 

 

This research was conducted at one of the public high schools in the city of 

Padangsidimpuan, North Sumatra Province. The sample in this study was 1 class 

as the experimental class. While the subjects in this study were 18 students of 

MIA class XI-2. 
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Research methods 

 

The research method used is the Pre-Experiment method with the research design 

of One Group Pretest-Posttest Design. 

 

Table 2. One Group-Posttest Design. 

 

 

 

(Wiersma & Jurs, 2009) 

 

Information: 

O-1 : Pretest 

P : Treatment of the RADEC learning model 

O-2 : Posttest 

 

Research Instruments 

 

Data were collected using 25 different multiple choice items but still in the same 

indicator used for pretest and posttest. The pretest was given before learning the 

RADEC model, while the posttest was given after learning the RADEC model. 

 

The basic competencies of colloid material contained in the 2013 curriculum, 

namely 3.14 Grouping various types of colloidal systems, and explaining the use 

of colloids in life based on their properties. In the 25 questions there are 13 

indicators that must be achieved, namely: 

 

Table 3. Table of Learning Indicators 

Concept Learning Indicators Cognitive 

Level 

Question 

Number 

Colloidal System Explain the meaning of dispersion system 

(dispersed substance and dispersion medium) 
C3 1 

Differentiate the types of dispersion systems 

(suspensions, solutions and colloids) based on their 

characteristics 

C4 2 

Grouping some mixtures into colloids, solutions, 

and suspensions 
C3 3 

Explain the meaning of colloids C2 4 

Classify the types of colloids based on the 

dispersed phase and dispersion medium along with 

examples 

C3 5 

Classify colloidal samples based on the dispersed 

phase and the dispersion medium 
C2, C4 6, 7 

Determine the dispersed phase and dispersion 

medium from a colloidal sample 
C3, C4 8, 9 

Colloidal 

Properties 

Explain the properties of colloids (Tyndall effect, 

Brownian motion, adsorption, electrophoresis, 

dialysis, coagulation) 

C2, C3, 

C4 

10, 

11.12, 

13, 14, 

15 

Illustrate the properties of colloids (Brown motion, 

Tyndall effect, adsorption, and electrophoresis) 
C3 

16, 17, 

18 

O-1 P O-2 



 Rukiyahtul Ritonga et al. / Journal of Educational Sciences Vol. 5 No. 3 (July, 2021) 520-532 

 

525 

Colloidal 

Making 

Explain the difference between lyophilic colloids 

and lyophobic colloids 
C2 19, 20 

Analyze the use of colloids in everyday life based 

on their properties 
C4 

21, 22, 

23 

Explain how to make colloids C2 24 

The Role of 

Colloids in Daily 

Life and Industry 

Mention materials/substances in the form of 

colloids in the pharmaceutical, cosmetic, food 

ingredients, and others 

C1 25 

Source: Results of data processing (2020) 

 

Research Data Analysis 

 

The results of the data are processed by statistical tests. Tests were carried out 

using the SPSS Version 21 for Windows program. There are three statistical tests 

used, namely normality test, Paired Sample T-Test and N-gain values. 

 

The normality test is intended to determine whether the data from the pre-test & 

post-test in measuring students' mastery of concepts are normally distributed or 

not. Normality test can be done by Kolmogorov-Smirnov test using SPSS Version 

21 for Windows. The guidelines for making decisions on data that are normally 

distributed or not are as follows: 

 

H0: Data is normally distributed 

Ha: The data is not normally distributed 

 

The basis for decision making for the normality test used the following criteria: 

If the value is significant > 0.05 then H0 is accepted (normal data distribution). 

If the significant value <0.05 then H0 is rejected (data distribution is not normal). 

(Susetyo, 2010). 

 

Paired Sample T-Test test aims to determine the significant difference between 

the two data if the data is normally distributed. 

The hypotheses regarding the significance of the data are: 

 

H0: There is no difference in the value of pretest and posttest 

Ha: There is a difference in the value of pretest and posttest 

 

The basis for decision making for the Paired Sample T-Test test used the 

following criteria: 

 

If the significant value < 0.05 then Ha is accepted (there is a difference) 

If the significant value is > 0.05, then Ha is rejected (no difference) (Susetyo, 

2010). 

 

The NGain score is used to see how far the students' mastery of concepts increases 

before and after learning. It is calculated based on the normalized gain value (N-

gain) between the pretest and posttest scores. The calculation of N-gain is based 

on the following Hake (1998) equation: 
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Description:  g :Normalized gain value (N-gain) 

         Spost : Postes Score 

Spre : Pretest Score 

Smax: Maximum score 

 

The results of the N-gain calculation are then translated according to the 

improvement criteria. The following are the criteria for increasing N-gain: 

 

Table 4. Criteria for Increasing N-gain 

N-gain Improvement Criteria 

g < 0,3 Low upgrade 

0,3   g   0,7 Moderate improvement 

g > 0,7 Height increase 

(Hake, 1998) 

 

Research procedure 

 

The procedure of this research is that first a pretest is carried out to determine the 

initial ability of students. Furthermore, treatment is carried out by applying the 

RADEC learning model. The implementation of the RADEC learning model 

begins with students reading colloidal material through pre-learning assignments 

given by the teacher. This pre-learning task is done by students at home before 

students learn face-to-face. Pre-learning assignments contain colloidal materials 

that need to be mastered. The second stage is for students to answer pre-learning 

questions. This question is a question that requires students to think at a higher 

level. Then the third stage is discussion. At this stage, students actively discuss the 

material that has been studied and discuss the answers to pre-learning questions 

that have been done. Then the fourth stage is the stage of explaining. At this stage, 

students explain the material studied and discussed classically. At this stage, the 

teacher can explain colloidal material that is felt not yet mastered by students. The 

last stage of the RADEC learning model is the stage of making works. After the 

treatment, a post-test was conducted to determine the students' conceptual mastery 

ability after being given treatment. 

 

 

3. Results and Discussion 

(1) Differences in Concept Mastery 

 

Differences in students' concept mastery can be analyzed from the results of the 

pretest and posttest data as follows: 
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a. Pretest Data Results 

 

The pretest activity was carried out before being given treatment. Based on the 

results of the study, data on the ability of students to master the concept of 

colloidal material based on the achievement of 13 learning indicators (maximum 

score of each indicator is 180) which can be seen in Figure 2. 

 

 
 

Figure 2. Results of the Pretest of Students' Concept Mastery 

 

Figure 2 shows that in the pretest the indicators that have been mastered by 

students are indicator 3, namely grouping several mixtures into colloids, solutions, 

and suspensions and indicator 13 which mentions ingredients/substances in the 

form of colloids in industry, pharmaceuticals, cosmetics, food ingredients, and 

others -other. Meanwhile, indicators that are not mastered by students are 

indicator 9, which illustrates the nature of colloids and indicator 12, which is how 

to make colloids. 

 

From the pretest data obtained, it can be interpreted that students are better able to 

answer questions whose indicators are related to procedural daily life compared to 

answering questions whose indicators are rote. This is based on the theory which 

states that students who develop mastery of concepts are faster in doing things 

related to procedural knowledge compared to students who memorize and 

remember only (Nisrina et al, 2017). The cognitive domain in indicator 3 groups 

some mixtures into colloids, solutions, and suspensions is C1 (Remembering) and 

indicator 13 mentions materials/substances in the form of colloids in industry, 

pharmaceuticals, cosmetics, foodstuffs, and others is C2 (Understanding) so that it 

is easier to be mastered by students compared to the cognitive domain, indicator 9 

illustrates the nature of colloids and indicator 12 how to make colloids is C4 

(Analyzing). 
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The results of the analysis obtained that the overall initial ability of students' 

conceptual mastery on colloid material is included in the poor category. This is 

taken from the average score obtained by students, which is 39.7. 

 

b. Posttest Data Results 

Mastery of students' concepts after being given learning using the RADEC model 

can be seen in Figure 3. 

 

 
 

Figure 3. Results of Student Concept Mastery Posttest 

 

Based on Figure 3, the results of the posttest of mastery of concepts on colloidal 

material are almost entirely controlled by students, this can be seen from the 

indicators that are entirely controlled by students. Based on the results of the 

overall analysis, the mastery of these students' concepts is included in the good 

category. This can be seen from the average posttest score obtained by students, 

which is 74.4. 

 

(2) Improved Concept Mastery 

 

Mastery of the concept of students in general has increased significantly from 

each indicator. The description of the increase in students' conceptual mastery 

between before and after being given learning using the RADEC model is 

presented in Figure 4. 
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Figure 4. Increased Mastery of Students' Concepts 

 

Figure 4 shows that the overall concept mastery ability of students has increased 

from each indicator and a moderate increase is obtained. In line with this 

explanation, to see the increase in mastery of concepts more clearly, the 

researcher presents a table of two different test means of pretest and posttest. The 

test data results were tested by statistical testing to test for normality, Paired 

Sample T-Test and N-gain values. 

 

The results of statistical tests to test for normality are presented in table 5: 

 

Table 5. Normality Test Results 

 
Kolmogorov-Smirnov

a
 

df Sig. 

pretes 18 .160 

postes 18 .006 

Source: Results of data processing (2020) 

 

From table 5 of the Kolmogorov-Smirnov normality test described above, it can 

be read that the significant value of pretest and posttest> 0.05 so that the results of 

statistical data testing of students' pretest and posttest values are normal data with 

a significance value of 0.160 for pretest and 0.006 for posttest. 

 

Paired Sample T-Test was used in this study because the data obtained were 

normal. Paired Sample T-Test is used to see the differences in students' mastery of 

concepts before and after learning is applied. The results of the comparison of the 

average mastery of students' concepts from the pretest and posttest are presented 

in table 6: 
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Table 6. Results of Paired Sample T-Test 

Jenis Tes N Mean Std. 

Deviation 

T-test 

Pretes  18 39.77 13.264 0.000 

Postes 18 74.44 16.471 

Source: Results of data processing (2021) 

 

Based on table 6, it can be seen that the significance value in the Paired Sample T-

Test is 0.000 < 0.005, then H0 is rejected and Ha is accepted, it means that there is 

a difference in the average mastery of students' concepts before and after learning 

is applied. 

 

N-gain is used to see how much the students' mastery of concepts increases. The 

results of the N-gain statistical test can be seen in table 7: 

 

Table 7. Results of N-gain 

Source: Results of data processing (2020) 

 

From table 7 the N-gain results obtained are 0.56. The results of the N-gain 

calculation are then translated according to the criteria for improvement according 

to Hake (1998), which is a moderate increase. Thus it can be concluded that there 

is a difference and a moderate increase in students' conceptual mastery between 

before and after being given treatment using the RADEC learning model on 

colloidal material. The increasing mastery of students' concepts is due to the steps 

of the RADEC model that encourage students to master the material being studied 

so that students gain a high understanding (Sopandi, 2017; Handayani & Sopandi, 

2019). 

 

 

4. Conclusion 

 

Based on the results of the study, it was stated that there were differences in 

students' concept mastery before and after the learning was applied and there was 

an increase in the moderate category of students' concept mastery through 

RADEC learning. This means that the stages of the RADEC learning model are 

effective in increasing students' mastery of concepts on colloidal material. The 

RADEC learning model has implications for the learning process, namely it can 

encourage students to be more active in the learning process, develop the ability to 

explain students, train students to work together, and improve students' reading 

habits. 

 

 

Number of 

Respondents 

Total 

Pretest 

Score 

Total 

Posttest 

Score 

Total 

Posttest 

Score - Total 

Pretest Score 

Maximum 

Total Score - 

Total Pretest 

Score 

N-Gain 

18 39.7 74.4 34.6 60.2 0.56 
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