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 Among three levels of chemical representation, the sub-microscopic level is the 
most difficult to learn by students. To solve the problem, it is assumed that the 
concept of the discontinuous nature of matter or particle concept should be 
mastered initially by students before they learn sub-microscopic representations of 
further chemical phenomena. 131 junior high school students from two schools 
participated in this study. The study was carried out by implementing structure-
oriented chemistry teaching on the particle concept that was assisted by the 
courseware and was continued by teaching the changing state of matter. The 
research instruments were written tests, questionnaire, observation sheet and 
interview guideline. Research data were collected before and after the use of the 
courseware, as well as before and after the teaching of the changing states of 
matter. The results show that the use of the courseware increases students’ 
understanding of the particle concept for both male and female groups. Meanwhile, 
particle concept only affects the students’ understanding of sub-microscopic 
representations of the changing states of matter in general and based on gender. 
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INTRODUCTION 

In learning science, students do not only observe various natural phenomena but also 
learn to understand how the natural phenomena exist or occur (Meritt et al., 2007; 
Merino and Sanmarti, 2008). Chemistry as part of the natural science aims to help 
students understand various chemical phenomena. Students can study chemistry in the 
classroom through experiments, demonstrations or daily life experiences. After learning 
chemistry at macro level, they learn to explain the phenomena on the particle or sub-
microscopic level. Finally, students learn to communicate the phenomena scientifically 
with chemical terminology on the symbolic level. It means that students can develop 
better scientific understanding by engaging the construction of representation (Tang et 
al., 2014). Thus, it can be concluded that studying chemistry includes aspects of 
macroscopic, sub-microscopic and symbolic level (Barak and Farraj, 2013; Adadan et 
al., 2010; Treagust et al., 2003; Wu et al., 2001; Johnstone, 1991).  

The above description shows that understanding sub-microscopic level is the key to help 
students to understand the phenomena and also the chemical language and symbols that 
represent the phenomenon being studied. It shows that sub-microscopic level can serve 
as a bridge between macroscopic and symbolic levels (Barke, 1988, as cited in Sopandi 
et al., 2009). Previous research results revealed that many students have difficulties in 
understanding sub-microscopic level. This happened due to lack of sub-microscopic 
level introduction in learning (Ozmen, 2011). The lack of sub-microscopic level 
understandings has led to students’ difficulty in learning difficult chemistry concepts 
(Williamson and Abraham, 1995). 

As described earlier, understanding sub-microscopic level is the key to understand a 
variety of chemical phenomena (Harrison and Treagust, 2002). This suggests that an 
understanding of the concept that any matter is composed of particles that make up 
matter is a prerequisite to teach the concept of sub-microscopic level. So the 
understanding of the particle concept is necessary to be mastered by students before they 
learn sub-microscopic level concepts to explain various phenomena studied in chemistry 
(Ozmen, 2011) because the low prior knowledge impacts to lack representation skill and 
conceptual understanding (Corradi et al., 2012). Engaging prior knowledge would help 
students to determine and convert concepts into visual representation (Tajudin and 
Chinnapan, 2016). 

Based on the science history, the acceptance of the concept that matter is discontinuous 
by the scientific community took about 2000 years from the introduction of the idea by 
Democritus. We do not have to take a long time to help students understand the 
discontinuous nature of matter or particle concept. However, it seems to be unfair if we 
teach these concepts in just a few minutes. For example, by merely saying that matter is 
discontinuous and a part will give a result that cannot be again subdivided. As a result of 
the lack of introduction of the particle concept, many related misconceptions occur 
(Ozmen, 2011; Tytler et al., 2007; Novick and Nussbaum, 1978). 

According to Piaget, junior high school students aged over 11 years may be in the phase 
of formal operational thinking. This means that they should be able to think abstractly. 
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However, previous studies showed that even in senior high school many students still 
think concretely (Snead, 2011; Stork, 1988, as cited in Sopandi, 2004). If so, there will 
be a gap between the demands of abstract thinking when studying sub-microscopic level 
and the level of students’ thinking which is still on the concrete level. This gap explains 
why students face difficulties in learning sub-microscopic level. Hence, to help 
introducing this level, a media that helps students to see and understand sub-microscopic 
level explanations of chemical phenomena is needed. Learning chemistry through 
drawing media such as animations enhances students’ interest to study representation in 
chemistry (Barak and Farraj, 2013). In this case, the media must be able to reduce the 
abstraction level of sub-microscopic level by giving students both its visualization and 
relevant verbal explanation. Teachers should integrate visual tool as representation in 
teaching and allow students to represent students’ understanding not only verbally but 
also pictorially. The pictorial forms of representations involve student-generated 
drawings, dynamic molecular animations, and the static particle models of the three 
states of matter (Adadan et al., 2010). 

One of the media that can display abstract concepts is a computer-based media. 
Computer animation and modelling is an effective tool to teach the particle concepts of 
matters because it can help students to build up mental models of sub-microscopic level 
in their mind (Ozmen, 2011). The use of computer-based media can also facilitate 
students in understanding the relationship of various levels of representation and reduce 
misconceptions that often occur (Barnea and Dori, 1999; Mayer and Moreno, 2002). 
Teachers should integrate models, media, or courseware into their instruction as a means 
of explaining abstract concepts or unobservable phenomena (Adadan et al., 2010). 
Designed instruction using representation based animation can be useful in promoting 
and maintaining students’ scientific understanding (Adadan, 2013).  

In line with the above literature review, we conducted a study to test a courseware that is 
used to introduce the discontinuous nature of the matter concept. The courseware has 
previously been developed by a team headed by researchers. Tests are performed to see 
how the courseware can help students to understand the particle concept. Some previous 
research indicated that the use of computer-based media improves students' concept 
mastery (Harwood and McMahon, 1997; Mayer and Moreno, 2002) and sub-
microscopic representation skill (Stieff, 2011). In this study, the issue of how the 
understanding the particle concept will have positive effects on increasing students’ 
conceptual understanding at macroscopic, sub-microscopic, and symbolic levels on the 
topic of “states of matter and their changes” was also tested. 

Previous research results showed that students' concept mastery was influenced by 
gender (Halpern and LaMay, 2000; Kaufman, 2007; Scali et al., 2000; Taasoobshirazi 
and Carr, 2008). This is explained by differences in the spatial ability of males and 
females. Spatial ability of males seems better than that of females (Tracy, 1987, as cited 
in Barnea & Dori, 1999). So, if males have a better spatial ability than females, males 
will be able to imagine at sub-microscopic level (abstract) better than females. Thus, 
male students have better opportunities to gain a better conceptual understanding at sub-
microscopic level than female students. But if female students are given enough 
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practice, the distinction may diminish (Linn and Hyde, 1989, as cited in Barnea and 
Dori, 1999). So that teaching intervention assisted by the courseware can help female 
students who have lower spatial ability than that of male students to gain a better 
understanding on sub-microscopic level than that without the intervention. This is 
because such assistance can theoretically facilitate female students to get visual-spatial 
experiences and success (Terlecki and Newcombe, 2005; Barnea and Dori, 1999; Falvo 
and Suits, 2009). 

Based on the description above, this article presents the role of courseware in teaching 
discontinuous nature of matter in order to increase students’ understanding of particle 
concept. Understanding of this concept is believed to have an effect on students’ 
concept mastery of states of matter and their changes. This research investigates how 
courseware influences particle concept understanding and increases representation skills 
of students. The specific research questions in this paper are:                                                                                                              

1. Does the courseware of discontinuous nature of matter increase students’ 
understanding of particle concept? 

2. Does students’ understanding of particle concept increase conceptual mastery of 
changing states of matter at macroscopic level based on gender? 

3. Does students' understanding of particle concept increase conceptual mastery of 
changing states of matte at sub-microscopic level (both verbal and visual) based on 
gender? 

4. Does students' understanding of particle concept increase conceptual mastery of 
changing states of matter at symbolic level based on gender? 

Given these above research questions, the main research objectives are both to 
investigate the roles of the courseware of discontinuous nature of matter in increasing 
students’ understanding of particle concept and how this understanding effects their 
understanding on changing states of matter at three chemical representations level 
(macroscopic, sub-microscopic, and symbolic). The role of the courseware and students’ 
understanding on particle concept are analysed in general and based on gender. 

METHOD 

Research Methods  

The research is quantitative with the quasi-experiment methods (Fraenkel et al., 2012). 
It is one group pretest and posttest design. This study involved students from two 
different schools. They were experimental groups. The group was given the first 
treatment in the form of teaching-learning process of the particle concept by using the 
courseware. To investigate the effect of the courseware on students’ concept mastery, 
students were given tests about the particle concept before and after the first treatment. 
Many worldwide chemistry textbooks (including Bahasa Indonesia) introduce the 
particle structures of solid, liquid and gas when they are introducing states of matter and 
their changes. However, in chemistry teaching, there are still few efforts and media to 
help students to accept that all matter consist of particles separated from each other, by 
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“particle-free space” between moving particles. In our consideration, this concept is 
very important to be accepted and understood by students firstly before they learn more 
about similarities and differences among the structures of solid, liquid, and gas. We 
hypothesized, it would be very difficult for students to learn particle structures of solid, 
liquid, and gas meaningfully without having this prerequisite concept. The lack of 
understanding about this prerequisite concept may explain why sub-microscopic level is 
difficult for students to understand.  

In the second treatment, students were involved in the teaching-learning process about 
the changing states of matter. To investigate the effect of the students’ conceptual 
mastery of the particle concept on changing states of matter, students were given tests 
about the concepts related to the changing states of matter.  

Research Subject 

This research study involved data collection from 7
th

 grade junior high school students 
in the city of Bandung, Indonesia. They are convenience samples. Convenience 
sampling is a group of individuals who (conveniently) are available for study (Fraenkel 
et al., 2012). Convenience sampling was chosen because researchers did not have ability 
to assign samples randomly. Available data from 65 students were used to answer the 
role of courseware in increasing students’ understanding of concepts. Whereas, available 
data from 131 students were used to answer the research question regarding to students’ 
understanding of ‘states of matter and their changes’. The difference in both samples 
was a result of the fact that there was a group of students who did not follow the pre-test 
about understanding the particle concept.  

Data Collection Tools 

The instruments of this study were written tests, lesson plan, and the courseware, which 
visualize the particle concept. The main instruments to answer the research questions 
were written tests. The written tests were used to measure students’ understanding of 
both the particle concept and the topic “states of matter and their changes”. The content 
validity of written tests was evaluated by experts. They made sure that written test could 
fulfil all of intended content indicators (Arikunto, 2013). Teacher interview guides, 
lesson plan, and the courseware were also validated based on content by an expert. It 
shows how well a test measures the behaviour for which it is intended (Fraenkel et al., 
2012). The teacher interview guide was used to explore teachers’ opinions about the 
courseware. The lesson plans used in this study were prepared to develop students’ 
macroscopic, sub-microscopic, and symbolic level. The courseware of discontinuous 
nature of matter was used to guide students in understanding the particle concept and the 
existence of "particle-free space" between particles. These were shown in the 
courseware through a number of experiments and their relevant animations that can 
facilitate students to understand the explanations.  

Data Analysis 

We calculated N-gain average scores of pretest and posttest to determine the role of 
courseware implementation in students’ mastery of particle concept (Hake, 1999). Mann 
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Whitney test was done to investigate the significant differences of pretest-posttest 
scores. Whereas, analysis of variance (ANOVA) was used to know the relative effects of 
courseware implementation into three groups of students (high, middle, and low) based 
on their understanding of particle concept. The technique allows us to compare 
simultaneously several means with level of significance specified by the researcher 
(Minium et al., 1993). All of these tests were analysed by the software SPSS 17.0. The 
same analysis process also was done to investigate the effects of particle concept 
mastery on macroscopic, sub-microscopic (both visual and verbal), and symbolic 
representation based on students’ gender. 

FINDINGS  

The Role of the Courseware in Students’ Understanding of Particle Concept  

The role of the courseware in increasing students' understanding of the particle concept 
(know that all matters are composed by particles separated by particle-free space) can be 
determined from the N-gain average scores. In total, the N-gain average scores were 
calculated based on the pre-test and post-test results of the students. To determine the 
role of the courseware according to the gender, N-gain average scores were calculated 
based on Hake (1999). Table 1 shows us the result of students’ understanding of particle 
concept.  

Table 1 
Test Results on Students' Understanding of the Particle Concept 

Note :      N-gain = (Spost – Spre)/( Smax – Spre) 

Spost is a score obtained by a student on postest 

Spre is a score obtained by student on prestest 

Smax is a maximum score that can be obained  by student on test 

The Role of Students’ Understanding of the Particle Concept on Their 

Understanding of Changing States of Matter at Macroscopic Level 

Particle concept is the prerequisite of students’ understanding of changing states 
concept. Students’ understanding of this concept could be measured from chemical 
representation. They are macroscopic, sub-microscopic, and symbolic representation. 
Students’ understanding of macroscopic level (high, middle, and low) can be seen on 
Table 2.  
 
 

Groups N Average N-gain 
Average 

SD Normality 
(p) 

Mann Whitney 

Pretest Posttest 

Male 31 67.7% 80,2%, 0.45 0.70 0.000 0.265 

Female 34 58.7% 85,8% 0.65 0.45 0.000 

Total 65 63.3% 83.0% 0.54 0.59  
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Table 2 
Test Results on Students’ Understanding of Macroscopic Level 

To see whether gender influenced the increase of understanding of macroscopic level, a 
test was carried out. The test results can be seen in the following table: 

Table 3 
Test Results on Students’ Understanding of Macroscopic Level Based on Gender 

The Role of Understanding the Particle Concept in the Increase of the Students’ 

Conceptual Mastery of the Topic of Changing States of Matter at Sub-Microscopic 

Level  

Students were required to answer questions related to sub-microscopic level in form of 
both drawing (visual aspect) and written explanations (verbal aspect). Students’ 
understanding of visual aspect at sub-microscopic level was defined as students’ abilities 
to visualize the sub-microscopic level related to the topic of changing states of matter in 
form of drawings or other illustrations. Verbal aspect is students’ ability to explain the 
topic of changing states of matter by using words or verbally at sub-microscopic level. 
We identify the role of understanding the concept of matter discontinuity in the increase 
of the students’ sub-microscopic level (both of visual and verbal), an ANOVA test was 
applied, with the following results: 

Table 4 
Test Results on Students’ Understanding of Sub-Microscopic Level 

Furthermore, SPSS 17.0 analysis shows that average score of N-gain of visual aspect at 
sub-microscopic level is 0.66 for high achiever group, 0.64 for middle achiever group 
and 0.40 for low achiever group. Based on the test results obtained from ANOVA, the 
significance score is 0.001. Whereas, average N-gain of verbal aspect at sub-
microscopic level is 0.13 for high achiever, 0.03 for middle achiever, and 0.06 for low 
achiever. Based on the ANOVA test, the obtained significance score is 0.459. 

Groups N 
Average N-gain 

Average 
SD Homogeneity 

Anova 
Test Pretest Posttest 

High 49 80% 90% 0.53 0.54 
0.406 

(homogeny) 
0.483 Middle 31 80.83% 90.83% 0.45 0.74 

Low 23 74.66% 85.16% 0.32 0.79 

Gender N 
Average N-gain 

Average 
SD 

Normality 
(p) 

Mann 
Whitney Pretest Posttest 

Male 51 77.33% 89.33% 0.49 0.62 0.000 
0.652 

Female 52 80.66% 89% 0.39 0.73 0.000 

Groups N 
Average N-gain 

Average 
SD Homogeneity 

Anova 
Test Pretest Posttest 

High 65 10.9% 40% 0.33 0.19 0.037 
(not 

homogeny) 

0.002 
 

Middle 38 9.26% 35.3% 0.29 0.17 

Low 28 5.43% 22.46% 0.19 0.11 
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To check whether gender influenced the increase of the understanding of the concept at 
sub-microscopic level, a test was conducted. The test results can be seen in the 
following table: 

Table 5 
Test Results on Students’ Understanding of Sub-Microscopic Level Based on Gender 

We also analyzed sub-microscopic level in visual and verbal aspect by using SPSS 17.0. 
The results show that students’ understanding of sub-microscopic level in visual aspect is 
0.55 for male students and 0.65 for female students. The test on the average difference 
resulted in the average significance score of 0.144. The average scores of N-gain in sub-
microscopic level of verbal aspect are 0.04 for male students and 0.15 for female 
students. The significance score of the average difference is 0.848. 

 

The Role of Understanding Particle Concept in the Increase of Students’ 

Conceptual Mastery at Symbolic Level in the Topic of Changing States of Matter 

To identify the role of understanding particle concept in the increase of the conceptual 
mastery at symbolic level on each group, ANOVA test was used. The ANOVA test 
results are shown in the table below: 

Table 6 
Test Results on Students’ Understanding of Symbolic Level 

To see whether gender influenced the increase at symbolic level of understanding, a test 
was carried out. The test results can be seen in the following table: 

Table 7 
Test Results on Students’ Understanding of Symbolic Level Based on Gender 

DISCUSSION 

Table 1 shows that the N-gain average obtained by the male group is 0.45. This average 
score indicates that the courseware increased male group's understanding of the particle 
concept by 45%. Meanwhile, the N-gain average score obtained by the female group is 
0.65. This average score indicates that the courseware increased female group’s 

Gender N 
Average N-gain 

Average 
SD 

Normality 

(p) 

Mann 

Whitney Pretest Posttest 

Male 67 7.6% 31.5% 0.26 0.18 0.03 
0.015 

Female 64 10.9% 38.6% 0.32 0.17 0.04 

Group N 
Average N-gain 

Average 
SD Homogeneity 

Anova 
Test Pretest Posttest 

High 65 0.75% 44.33% 0.43 0.29 0.562 
(homogeny) 

0.146 

Middle 38 0.25% 52.16% 0.52 0.27 

Low 28 0% 39.5% 0.38 0.30 

Gender N 
Average N-gain 

Average 
SD Normality 

Mann 

Whitney Pretest Posttest 

Male 67 0.5% 39.58% 0.39 0.29 0.02 
0.011 

Female 64 0.42% 51.66% 0.52 0.28 0.07 
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understanding of the particle concept by 65%. The N-gain average score difference 
between male and female groups gave significance score of 0.265. This score shows that 
there is no significant difference on the increase of the understanding of the particle 
concept between male and female groups. This means that the courseware gave the same 
effect on both gender in increasing the understanding of the concept. The total N-gain 
average (male and female data were combined) is 0.54. This score suggests that the 
effectiveness of the courseware in increasing students’ understanding on the particle 
concept as a whole is 54%. The effectiveness score is in the middle category. The 
increase is not maximal, which shows that there are other factors influencing the 
increase than the courseware. 

Table 2 shows that the average N-gain for the high achiever group is 0.53, for middle 
achiever group is 0.45 and for low achiever group is 0.32. From the ANOVA test, it was 
obtained that the significance score is 0.483. The score shows that there is no significant 
difference in the increase of the conceptual mastery of macroscopic level between 
groups of high, middle and low achievers. These results indicate that to master the 
macroscopic level concept of changing states, such as mentioning the type of changing 
states of matter (evaporating, condensing, melting, freezing, sublimating and 
depositioning), does not require an understanding of the particle concept as a 
prerequisite. This is because, in order to know definitions of those terminologies such as 
evaporating (is a change from liquid to gas form), melting (is a change from solid to 
liquid form), freezing (is a change from liquid to solid form) and so on, students do not 
need to know the particle concept.  The mastery of this concept can be learned by the 
students through doing observation and experiencing it directly in everyday life. Based 
on Table 3, from Mann Whitney test results significance score of 0.652 was obtained. , 
was which indicates that there is no significant difference in the increase of the 
conceptual mastery at macroscopic level between male and female students. It means 
that both male and female students experienced the same increase in mastering the 
concepts related to the phenomenon of changing state of matter in everyday life. This is 
in line with the research conducted by Sopandi, et al. (2010) on the model development 
of multimedia assisted structure oriented chemistry teaching, which found that there is 
no significant improvement difference between the conceptual mastery of male and 
female students at macroscopic level. Another research that is in line with this study is 
that of Yanti (2011), which focused on the analysis of high school students' conceptual 
mastery of hydrolysis of salt based on gender. She found that there is no significant 
difference between male and female students' conceptual mastery of macroscopic level. 
From the results of the two tests mentioned above, it can be concluded that the increase 
of students' conceptual mastery of the changing states of matter at macroscopic level is 
not affected by either their understanding of the particle concept or gender. 

Table 4 shows that the average N-gain of the high group is 0.33, the middle group is 
0.29, and the low group is 0.19. To determine the level of difference among the three 
groups, ANOVA test was performed. From the test results, a significance score of 0.002 
was obtained. It indicates that there is a significant difference in the increase of the 
students’ conceptual mastery at sub-microscopic level among the groups. Based on the 
average score of the N-gain, it can be seen that the increase of the students’ conceptual 
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mastery at sub-microscopic level in the high achiever group is higher than the middle 
and low achiever group. This finding proves that students’ understanding of the particle 
concept should be introduced previously to students before sub-microscopic level 
(structure, composition, and movement of particles) in the topic of changing states of 
matter that is learned by them. 

In table 4, it is shown that the understanding of the particle concept gave positive effect 
on the improvement of the level of conceptual mastery at sub-microscopic level 
significantly on the subject of changing states of matter. The higher the students’ 
understanding of the particle concept is, the higher the students’ understanding of sub-
microscopic level is. However, the conceptual mastery increase at sub-microscopic level 
is relatively low compared to the rate of mastery of other representation concepts. The 
low rate of sub-microscopic level conceptual mastery is in line with the results of several 
other studies (Ozmen, 2011; Tytler et al., 2007; Devetak et al., 2009; Eilks et al., 2007). 
Eilks et al. (2007) stated that although students are high achiever, they will face 
difficulties in explaining chemical phenomena at sub-microscopic level. It is also in line 
with the result of Sunyono et al. (2015) indicating that students with different initial 
capabilities do not perform any significant statistical differences on drawing sub-
microscopic representation phenomena. It indicates that another attempt to develop 
students' understanding of sub-microscopic level is needed, which is maximizing the use 
of the courseware combined with model/learning methods that are able to develop 
students' thinking skills.  

As mentioned before, students’ understanding on sub-microscopic level was divided into 
two categories (verbal and visual). Based on ANOVA test, we got significance score of 
0.001. It means that there is a significant difference in the increase of the mastery of 
visual aspect at sub-microscopic level among high, middle and low achiever groups. 
High achiever group had a higher increase than middle and low achiever groups. The 
occurrence of such difference suggests that the students’ understanding of the theory of 
matter discontinuity that was presented using the courseware helps students to visualize 
the concept of changing state of matter. Constructing a visual concept is always 
followed by symbolic representation. Sunyono et al. (2015) stated that students 
preferred working with visuals and symbols rather than merely texts. This activity often 
involves one of the high order thinking skill (HOTS) aspects, it is creating (Tajudin and 
Chinnapan, 2016). It also helped students to understand the movement and arrangement 
of particles on the topic of matter states and its changes. The ANOVA test of verbal 
aspect of sub-microscopic level shows that there is no significant difference in terms of 
the increase of sub-microscopic concept between high, middle and low groups. It is due 
to the fact that all groups have difficulty in explaining the phenomenon of matter state 
changes verbally. Hence, the increase of the concept mastery is low in all groups. To 
improve and assist students in understanding the verbal aspect of sub-microscopic level, 
designing another way of learning that helps students to improve their ability to analyse 
and understand a passage is necessary. 

In Table 5, the N-gain average of the male group is 0.26 and that of female group is 
0.32. The test on the difference of average using the Mann Whitney test showed a 
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significance score of 0.015. This indicates that there is a significant difference between 
male and female group in the increase of the conceptual mastery at sub-microscopic 
level. The female group is better than the male group. The significant difference in the 
increase of the conceptual mastery at sub-microscopic level between men and women 
was because the female students group has a better understanding of the particle concept 
than the male students group. Hence, the group of female students has a better 
preparedness in terms of understanding the particle concept when studying changing 
states of matter. 

We also analysed visual and verbal aspect of sub-microscopic level based on the gender. 
The test on the average difference resulted in the average significance score of 0.144, 
which shows that there is no significant difference in the increase of the mastery of the 
visual aspects of sub-microscopic level concepts between male and female group. Such 
finding indicates that the courseware can reduce the gap of visual-spatial abilities of 
males and females. Therefore, the courseware is one of the effective learning media in 
providing a visual-spatial experience for female, who have lower visual-spatial ability 
than male. This is in line with several studies which found that the use of computer-
based instructional media can reduce the gap of visual-spatial abilities between men and 
women, such as Barnea and Dori (1999); Terlecki and Newcombe (2005); Falvo and 
Suits (2009) and  Sopandi, et al., (2010). Whereas, the significance score of the average 
difference in verbal aspect of sub-microscopic level is 0.848, which indicates that there 
is no significant difference between males and females in terms of increase in verbal 
aspect of sub-microscopic level. This is because both male and female students 
experienced the same difficulty in explaining the sub-microscopic level on the topic of 
“changing states of matter” verbally. That is why the N-gain scores of both groups are 
equally low. 

From the results of the two tests mentioned above, it can be concluded that the increase 
of mastery of sub-microscopic level is influenced by their understanding of the particle 
concept and also their gender. However, the gender effect is also likely to occur as the 
female participants have a better understanding on the particle concept than the males, 
84.6% versus 78.2% (see table 1). To test whether gender effect is really influential, 
male and female groups with the same particle concept understanding level need to be 
compared in terms of the increase of their understanding at sub-microscopic level on the 
topic of the changing states of matter. 

Table 6 shows that the average N-gain is at 0.43 for high achiever group, at 0.52 for 
middle achiever group, and 0.38 for low achiever group. From the ANOVA test results, 
a significance score is obtained at 0.146. The number shows that there is no significant 
difference in the increase of the conceptual mastery at symbolic concept level among 
groups of high, middle and low achievers. It happens because to master the topic of 
changing states of matter at the symbolic level, students are not required to master the 
particle concept. Although symbolic representation often leads student to confusion (De 
Bock et al., 2015) but it can be easier and concrete once they are decoded (Corradi et 
al., 2015). Because of that, mastery of simple symbolic level, such as element symbols 
or phase symbol can be obtained through memorizing, which is in line with Taber’s 
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(2009) statement that simple chemical symbols and molecular formulas can be obtained 
through memorizing.  

Table 7 shows that the average N-gain of male students is 39% and the average N-gain 
of female students is 0.52. These scores indicate that the female students’ increase in 
understanding of symbolic level is higher than that of the male students. The test result 
on average difference shows a significance score of 0.011, which indicates a significant 
difference in the increase of the mastery of the symbolic level concepts between the 
female and male students. The better rate of increase among female students is also 
likely due to the fact that female students have a better understanding on the changing 
state of matter concept at sub-microscopic level, which makes it easier to understand at 
symbolic level (see table 5). 

CONCLUSION 

Based on findings, it could be summarized that the use of courseware of discontinuous 
nature of matter increased students’ understanding of the particle concept for both male 
and female groups. However, there was no difference in the improvement based on 
gender generally. There was no effect of students’ understanding of the particle concept 
on the increase in their understanding of macroscopic and symbolic levels about 
changing states of matter. Students’ understanding of the particle concept has a positive 
influence on the improvement of the conceptual understanding of sub-microscopic level 
about changing states of matter. The higher the level of students’ understanding of the 
particle concept, the higher the increase in their understanding of the concept of sub-
microscopic level about changing states of matter. The increase of female group’s 
understanding is higher than that of male group. This is likely due to female group’s 
understanding on the particle concept. According to the teachers involved in this study, 
the use of courseware in teaching-learning about changing states of matter motivated 
their students to be more diligent in their study. 

The courseware is proven to be able to help students increase their conceptual 
understanding of the discontinuous nature of the matter. Therefore, the courseware 
should be used by teachers as a medium to aid students to understand the particle 
concept: the existence of the particles and the “particle-free space” should be taught. 
The findings show that the teaching of states of matter should be based on the particle 
model of matter: the movement of particles and the “particle-free space” between 
particles is a prerequisite to understand the states of matters. The findings also show that 
students’ understanding of the particle concept influences only the visual aspect of sub-
microscopic level of changing states of matter, not the verbal aspect: the increase of the 
verbal aspect is relatively low. In line with this finding and its interpretation, it is 
necessary to conduct a further research on improving the quality of verbal aspects in 
students’ understanding of sub-microscopic levels. When students have understood the 
particle model of matter and have applied this model for reflection the changes states of 
matter – they should also understand dissolving substances into water or other solvents, 
and also diffusion process of two gases are easy to visualize. However, this is need to be 
proved by further researches.  
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