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ABSTRACT  
 

Development of technology is increasingly rapid today, including in the field of education. Technological 
developments are sometimes not used properly in the learning process, so that students not actively studying 
in class. The purpose of this study was to determine the effect of using 3D visualization media on nucleophilic 
substitution reaction material to improve students' concept mastery. Research method used was a quasi-
experiment with pre-test and post-test design, involved 68 students from two different universities in West 
Java. The test instrument to measure concept mastery consisted of nine reasoned multiple-choice questions. 
The results showed that the use of 3D visualization media in nucleophilic substitution reaction materials can 
improve students' mastery of concepts. Based on the N-gain calculation results, University A was better than 
University B except for the indicators of determining that obtained a medium category and sorting that 
obtained a low category. There were four indicators of concept mastery used, including determining, analyzing, 
linking, and sorting indicators.  
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1. INTRODUCTION 
 
Today, technology continues to develop in all 
fields, including education. The learning 
process carried out so far has not used the 
technology properly, so it is difficult to achieve 
the desired learning targets and make 
students active during the teaching and 
learning process.  
 

One of the technologies that can be used in 
chemistry learning is ChemDraw application, 
because it can show molecules in 2D and 3D. 
So that students do not have to imagine 
molecules abstractly. In addition, ChemDraw 
application can be used to help lecturers 
prepare for learning so that students can be 
actively involved in it and improve their ability 
to understand chemistry better. 

Chemistry is a challenging topic for some 
students because it requires mastery of 
abstract concepts that are important in 
understanding molecular structures, physical 
properties, and complex chemical 
transformations (Bharathy, 2015; Raiyn & 
Rayan, 2015). Learning that uses technology 
such as three-dimensional simulations can 
reduce the cognitive load and thus support 
active learning compared to learning with 
two-dimensional illustrations (Urhahne et al., 
2009).   
 

Based on previous research, learning using 
computer programs potentially improve the 
students’ chemical abilities to visualize 
molecules in three dimensions. This can make 
it easier to understand chemical materials 
(Appling & Peake, 2004). 
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One of the materials that requires the use of 
technology is organic chemistry, because this 
material requires students to understand the 
space and arrangement of organic 
compounds (Hornbuckle et al., 2014). Organic 
chemistry also requires students to 
understand three-dimensional molecules 
from two-dimensional molecular shapes, 
imagine objects from different perspectives, 
and visualize the effects of operations such as 
rotation, reflection, and inversion (Barnea & 
Dori, 1999; Wu & Shah, 2004).  
 

Organic chemistry materials that was 
considered difficult by students included 
bimolecular nucleophilic substitution 
reactions (48%) and unimolecular nucleophilic 
substitution reactions (83%) (Rinaningsih, 
2014). So that students understand the 
nucleophilic substitution reaction material 
well, concept mastery must be improved, one 
of which is by using technology such as 3D 
visualization media. In addition, students who 
have studied the polarity of compounds, steric 
effects, and stereoisomers will find it easier to 
understand nucleophilic substitution 
reactions. Because the material is the basis for 
further mastery of the concept. So that when 
using 3D visualization media, students can 
apply the last theory easily, even though the 
material will be repeated before studying 
nucleophilic substitution reactions. 
 

Concept mastery is an ability obtained from 
learning activities, after the learning process is 
carried out, the success of the process can be 
seen in the concept mastery test. Concept 
mastery is also the ability to express a material 
which is presented in a form that is easier to 
understand, the ability to provide an 
interpretation and the ability to apply it 
(Dimyati & Mudjiono, 2002).  
 

Concept mastery is an ability that shows the 
thinking level of students before and after 
learning activities (Firman, 2018). Students 
who can master the concept of material well 
will be able to solve the problems given well, 
and thus will increase student learning 
outcomes (Widiyowati, 2014).   
 

Previous research used visualization media to 
show 3D structures, with spheres and sticks 
show the shape of the molecular structure 
made by the researchers, and the written 
structure show 2D shapes (Abraham et al., 
2010). Whereas in this study, students are 
expected not only to understand the 3D-
visualization of a molecule, but to be able to 
predict compounds through the SN1 or SN2 
reaction mechanism and based on these data 
students can determine which C atom is more 
reactive in the reaction. 
 

Previous research has shown that the use of 
3D-visualization media can help students 
understand stereochemistry, but this research 
has not yet discussed whether the media can 
be used to explain nucleophilic substitution 
reactions or not (Setyarini et al., 2017). 3D-
visualization media is a media that able to 
display 3D-visualizations of any desired 
structure as long as the molecules are 
available in the media. The 3D-visualization 
media used in this study was ChemOffice 
application which consists of three core 
applications, namely ChemDraw, ChemFinder, 
and Chem3D. So that in one application can 
display a lot of data needed compared to 
other media (Zielesny, 2005). 
 

In addition, research that has been done 
before aims to know the effectiveness of 
media to help students be more active in 
learning, but this research does not see the 
extent of chemistry concept understanding 
that students get (Raiyn & Rayan, 2015). Based 
on the description above, the researcher 
considers it necessary to study the mechanism 
of organic nucleophilic substitution reaction 
based on 3D-visualization to improve 
students' concept mastery. 
 

2. RESEARCH METHOD 
 

The research method used was a quasi-
experimental with pre-test and post-test 
design. Learning was carried out in three 
online meetings via Google Classroom. The 
researcher uploaded a video made using the 
Bandicam application which contains 
explanations in the form of power point slides. 
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Meanwhile, the pre-test and post-test were 
done via google form.  
 
At the first meeting, students were given a pre-
test for 50 minutes. At the second meeting, 
learning was carried out by providing a video 
containing power point material, 3D 
visualization media and tasks that had to be 
done to see students understanding of each 
concept for 100 minutes. At the third meeting, 
students were given a post-test for 50 
minutes. The data to be calculated was 
obtained from the pre-test and post-test 
results.  
 
The research subjects were even semester 
students who contracted the Organic 
Chemistry course 1 in Chemistry Study 
Program. The research was conducted at two 
different universities in West Java. Each 
student from the two universities was 
previously taught by the same lecturer, so the 
knowledge gained was the same. University A 
consisted of 37 students with 6 males and 31 
females and university B included 31 students 
with 7 males and 24 females. Students from 
both universities were student of 2019 class. 
All students were willing to take part in the 
learning that is carried out. Two universities 
were used to see differences in their initial 

knowledge, and whether learning using 3D 
visualization media could affect the students' 
mastery of the concept or not. 
 

The test given was reasoned multiple choice 
test as many as 9 questions. Each question 
received 11 points, 5.5 points respectively for 
multiple choice and reason. The maximum 
score for the whole test is 99 and the minimum 
score is 60. 
 

The concept mastery indicator used from the 
Revised Bloom Taxonomy including indicators 
of determining, analyzing, linking, and sorting. 
The data obtained were processed using excel, 
by performing tests of normality, 
homogeneity, significance, and N-gain. 
 

3. RESULT AND DISCUSSION 
 

The normality, homogeneity, significance, and 
N-gain tests were performed on the concept 
mastery data obtained from the pre-test and 
post-test results. Normality, homogeneity, and 
significance tests were carried out as a 
prerequisite test to determine whether the 
data is classified as a parametric or non-
parametric test. The calculation results can be 
seen in Table 1.

 
Table 1. Assumption Test Results for Pre-test Post-test Concept Mastery of Universities A and B 

Data N 
Average 

Score 
Normality Homogeneity 

Significance 
Test 

Asymp. Sig. 
(2-tailed) 

Pre-test University A 
37 

71.65 
 

Normal 
Homogeneous 

H0 rejected 
(significantly 
different) 

0.000 
Post-test University A 82.77 Not normal 
Pre-test University B 

31 
35.19 

 
Normal 

Heterogeneous 
H0 rejected 
(significantly 
different) 

0.000 
Post-test University B 51.39 Normal 

The normality test was carried out using the 
Shapiro-Wilk statistic type, because the 
amount of data was below 50 (N <50), with a 
significance level of α = 0.05. The data in Table 
1 shows that post-test in University A is not 
normally distributed because the post-test 
significance value is smaller than 0.05, while 
the University B pre-test-post-test is normally 
distributed because the significance value is 
greater than 0.05.  
 

Based on Table 1, the homogeneity test result 
shows that the pre-test-post-test data from 
University A is homogeneous because the 
significance value is greater than 0.05, 
meaning that the data population comes from 
the same variance. But the pre-test-post-test 
result of the University B is not homogeneous, 
this shows that the data population comes 
from the different variances.  
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The data obtained is not normally distributed 
and not homogeneous, so that the data is 
processed using non-parametric statistics, 
namely the Wilcoxon test. This is because the 
data does not qualify the parametric statistical 
test requirements, where the data of the two 
universities must be normally distributed and 
homogeneous.  
 

Based on the assumption test results, it can be 
concluded that there is a significant difference 
between the pre-test and post-test at the two 

universities because the significance value is 
smaller than 0.05. It means that the use of 3D 
visualization media can improve students' 
mastery of concepts at both universities A and 
B.  
 

In addition, the N-gain test on each indicator 
of concept mastery and concept label was 
carried out to determine the difference 
between the pre-test and post-test at the two 
universities. The N-gain calculation result can 
be seen in Table 2. 

 
Table 2. N-gain Calculation Result of Universities A and B 

University N Post-test Average  Pre-test Average  % N-gain Average Conclusion   
A 37 82.77 71.65 41 Medium 
B 31 51.39 35.19 25 Low  

N-gain calculation result in Table 2 shows that 
the use of 3D visualization media can improve 
students' mastery of concepts at both 
universities. University A is better than 
University B, classified in medium and low 
category respectively. The medium category 
for the value between 0.7 <g> ≥ 0.3 and the 
low category for the value between <g> <0.3. 
 

The average pre-test obtained by University A 
is higher than University B, it means that 
students from University A have better initial 
knowledge. This makes it easier to connect the 
material that has just obtained with the 
previous material, which is shown by the 
increase in post-test scores that are higher 
than University B. But overall, the scores of the 
two universities have increased. In addition, N-
gain is calculated to see the difference 
between pre-test and post-test on each 
indicator of concept mastery. 

The increase that occurs is the result of 
achieving the principles for learning concepts. 
It means that the students are able to use 3D 
visualization media which can make it easier 
for them to learn concepts (Slameto, 2003). 
 

Table 3 shows that the two universities have 
an increase in each indicator of concept 
mastery. The highest score indicator obtained 
by University A is in the medium category as 
well as for University B. Overall University A 
gets better score than University B. This shows 
that University A students have a better 
understanding of previous concepts, so it is 
easy to connect newly obtained concepts. 

Students with good academic abilities tend to 
have extensive knowledge of the topics to be 
studied and will easily understand and 
remember the material compared to students 
who have low initial knowledge (Fauzi, 2013).  

 
Tabel 3. Increased N-gain of Concept Mastery Indicators

Indicator  Question  
University A University B 

% N-gain Conclusion   % N-gain Conclusion  

Determine 1, 2 64 Medium 51 Medium 
Analyze 3, 6, 8 43 Medium 18 Low 
Connect 4, 9 32 Medium 19 Low 

Sort 5, 7 10 Low 24 Low 

 
The low level of concept mastery of university 
B students is influenced by time. This is 
because students who have low initial abilities 
need more time to be able to connect the 
initial and new knowledge (Prasinta, 2018).  

The increase that occurs in the indicators of 
determining, connecting, and sorting which is 
classified into C-3 indicates that there is an 
increase in the ability to use the principles, 
rules, and methods learned in new situations 
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or concrete situations (other than what they 
have learned). Whereas the increase in the 
analyzing indicator which is classified into C-4 
indicates that there is a better increase in the  
ability to decompose the faced information 
into its components, so that the structure and 

relationship between information 
components becomes clear. In addition to the 
N-gain test of the concept mastery indicator, it was 
also carried out on each concept label used. Table 
4 shows the increased mastery of concept labels.

 
Table 4.  Increased Mastery of Concept Labels 

Concept Labels  Question   
University A University B 

% N-gain Conclution  % N-gain Conclusion  
Polarity of compounds 1 99.00 High 55.78 Medium 

Steric effects 2 70.99 High 49.13 Medium 
Absolute configuration 3 44.00 Medium 30.47 Medium 
Stereoisomers  4 24.75 Low 32.37 Medium 
Carbocation  7 2.20 Low 30.48 Medium 
SN1 reaction mechanisms 8 17.07 Low 15.51 Low 
SN2 reaction mechanisms  5, 6 61.99 Medium 5.99 Low 
SN1 and SN2 reaction 
mechanisms  

9 34.88 Medium 13.45 Low 

Based on Table 4, increased mastery of 
concepts based on concept labels, University 
A students obtain a high category on the 
polarity of compounds and steric effects 
concepts. This is because the difference 
between their initial knowledge is much 
different from their final knowledge, meaning 
that 3D visualization media is very helpful for 
solving this concept. The medium category is 
obtained on three concept labels, namely 
absolute configuration, SN2 reaction 
mechanism, SN1 and SN2 reaction 
mechanisms. The low category is obtained in 
the concept of stereoisomers, carbocation, 
and SN1 reaction mechanisms.  
 

Meanwhile, University B is in the medium 
category on five concepts, namely polarity of 
compounds, steric effects, absolute 
configuration, stereoisomers, and carbocation. 
This shows that there is a difference between 
initial and final knowledge, meaning that the 
3D visualization media used helps solve the 
concept.  
 

At University B, the low category is obtained 
on three concept labels, namely the SN1 
reaction mechanisms, SN2 reaction 
mechanisms, SN1 and SN2 reaction 
mechanisms. This shows that students' initial 
knowledge is not much different from final 
knowledge, meaning that 3D visualization 
media helps a little in solving this concept. 

4. CONCLUSION 

The results showed that the use of 3D-
visualization media could improve students' 
concept mastery at both universities.  
In general, University A obtained medium N-
gain category and University B obtained low 
N-gain category. The N-gain result for each 
concept mastery indicator of University A 
obtained the highest results on 3 indicators 
with medium category. While University B 
obtained the highest result on the first 
indicator with medium category. In addition, 
when viewed on each concept label, University 
A obtained the highest score with high 
category on the concept of compound polarity 
and steric effects. While University B obtained 
the highest score with medium category on 
the concept of compound polarity, steric 
effect, stereoisomer, and carbocation.  
 
The implication for lecturers with the results of 
this study is that lecturers can use 3D-
visualization media to make it easier to explain 
a reaction that will take place through the SN1 
or SN2 reaction mechanism. For students, the 
3D-visualization media can help make it easier 
to master the nucleophilic substitution 
reaction material. For the next researcher who 
wants to continue this research, it is necessary 
to carry out further analysis of the data that 
can be generated through the media, so that 
more data is needed. 
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