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Abstract

The study was carried out to identify the alternative frameworks on the concept of condensation at
submicroscopic level among secondary school students (N = 324). Data was collected by using the qualitative
method through the Understanding Test on the Concept of Matter at Submicroscopic Level which consisted of 10
open-ended questions. The analysis of contents showed that the students’ alternative frameworks on the concept
of condensation at submicroscopic level are divided into three categories namely the explanations with the
alternative frameworks at submicroscopic level, the limited explanations at macroscopic level and no
explanation. This article discussed the alternative frameworks of the first category only, namely the explanations
with the alternative framework at submicroscopic level while the second and third categories are discussed in the
second part of the article. In summary, some implications on the teachings are recommended in order to enhance
the understanding of the students on the concept of condensation at the submicroscopic level.
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1. Introduction

Condensation is one of the fundamental concepts in chemistry curriculum and is useful in explaining the
phenomena that occurs in everyday life and activities (Kirbulut & Beeth, 2013). It is one of the changes in states
of matter based on the kinetic theory of matter which occurs during the change of heat. Heat is the energy that
drives the particles in matter. Therefore, changes in the states of matter can occur through the process of heating
or cooling when the heat energy is absorbed or released from matter. Condensation is the change in the state of
matter that occurs when the heat is released or undergoes a cooling process. During the cooling process, the heat
will be released and the state of matter changes from gas to liquid. The students are introduced to the concept of
condensation during their learning at the secondary school level. This concept is in the topic of matter under the
sub-topic of the change in state of matter. Fundamental to the understanding of this concept is the mastery by the
students of the kinetic theory of matter and this theory is also important to enable the students to explain the
characteristics of matter (solid, liquid and gas) (Kheng, 2011). The kinetic theory of matter explains it based on a
number of assumptions such as that matter consists of tiny discrete particles and the particles move randomly.
The assumptions can be found at the submicroscopic level.

Submicroscopic level refers to the understanding of chemistry at the level of particles which involves molecules,
ions, atoms, subatomic particles and others (Colburn 2009). This level is difficult to be mastered by the students
(Haidar & Abraham, 1991; Snir et al., 2003) because of the characteristics of this level which are related to the
world of atoms and its derivatives such as ions and molecules. This is because the ions and molecules are worlds
that cannot be seen by the organs of human senses and can only be reached through imagination (Bucat &
Mocerino, 2009). In addition, the submicroscopic level also becomes difficult to be mastered by the students
when the teachers and students tend to isolate chemistry at school from daily life. As a result, the students
develop two systems of knowledge that are not associated with chemistry namely a system that is used to solve
the chemistry problems at school and another system is used in their daily lives (Osborn and Freyberg, 1985)
while when the chemistry concepts are associated with everyday life during the teaching and learning sessions,
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the retention of the concepts in the minds of students is far better (Demircioglu et al., 2005).

However, the previous studies showed that students at various ages have alternative frameworks on the concept
of condensation (Kruger & Summers, 1989; Bar & Travis, 1991; Lee et al., 1993; Chang, 1999; Gopal et al.,
2004) covering various topics such as vapor pressure (Gopal et al. 2004), condensation in opened system (Paik et
al., 2004), condensation in closed system (Costu, 2006), the concept and the phases of matter (Johnson, 2005)
and the development of the students conceptualization in understanding the change of phases (Varelas et al.,
2006). For example, a study by Costu et al. (2012) found that first year students in the department of primary
science education listed eight difficulties and alternative frameworks namely water vapor cannot be converted to
water, water vapor cannot exist in the air at all times, hydrogen and oxygen, the components of water vapor exist
in the air other than the water vapor itself, the molecules of water vapor are lighter than the molecules of water,
the air is condensed as water, the condensation occurs because the vapor pressure is rising and only water vapor
exists in the air during winter and ice on the cold surface will melt and form water droplets (condensation in the
opened system).

The alternative framework occurs when the students start building their own concepts and the construction of the
concepts is different from what is taught by the teachers. The alternative framework is also a concept that
belongs to the students that is not in line with the scientific concept of the scientists (Barke et al., 2009). The
existence of this alternative framework is closely related to the inability of the students to explain the chemistry
phenomena at the submicroscopic level (Abraham et al., 1994; Abraham et al., 1992; Haidar & Abraham, 1991)
although the students have been asked to think by using this level from the atomic and molecular aspects (Ardac
& Akaygun, 2004). This condition affects the learning of the students when they translate the teachings based on
the alternative framework. Therefore, it is important to identify the student alternative framework on the concept
of condensation at the submicroscopic level and further develop the teaching strategies that are appropriate to
correct the alternative framework.

2. The Objective of the Study

This study was conducted to identify the alternative frameworks of form four of science stream students from
secondary school through their explanations of the concept of condensation at the submicroscopic level. This
study focused on the alternative frameworks among the students since the previous studies showed that the
alternative frameworks interfere with the next learning. This means that new knowledge cannot be integrated
appropriately into the cognitive structure of the students (Taber, 2000). This concept was selected because some
previous researchers showed various problems concerning the understanding of the students on condensation at
the submicroscopic level (Varelas et al., 2006; Johnson, 2005; Paik et al., 2004; Hatzinikita & Koulaidis, 1997).
The following study question was investigated in this study: What are the alternative frameworks of the students
on the concept of condensation at the submicroscopic level from the aspect of the explanations?

3. Methodologies
3.1 The Design of the Study

In order for an in-depth collection of the concept of alternative frameworks of condensation at the
submicroscopic level based on students explanations, qualitative study method by using the descriptive approach
was used in this study. The method and approach were suitable to be used because they were seen as the best
strategies to answer the questions in this study. Even through the qualitative approach, the researchers were able
to study the phenomena that occurred naturally with all the inherent complexities (Fraenkel & Wallen, 2006).
Moreover, the qualitative study applied inductive analysis and involved specific data (Hittleman & Simon,
2002).

3.2 Sample Selection

A total of 324 form four science stream students in secondary schools were selected randomly for this study.
Purposive random sampling technique was used as it was capable of ensuring each subject in the population has
an equal chance to be selected to participate in the study (Patton, 2008). A total of four ordinary daily secondary
schools and one technical school in Johor Bahru district were involved in this study. The main factor of the
selection was that the students have finished learning the concept of condensation during this study. Overall, the
students involved were aged from 16 to 17 years.

3.3 Instrument

The paper and pencil test which was the Understanding Test on the Concept of Matter at the Submicroscopic
Level has been used which included ten items in respect of matter as discrete particles, the composition of
particles, the relative spacing between particles, the movement of particles, the existence of attraction forces
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between particles and the existence of vacuum between particles. These items were open-ended questions that
required students to give answers in terms of explanations and drawings. Content validity of this test was done
by having two chemistry experts do the evaluations.

3.4 Data Analysis

The students’ answers which were obtained from Understanding Test on the Concept of Matter at the
Submicroscopic Level instrument were analyzed qualitatively by using content analysis technique. Through this
technique, students’ answers were classified into scientific concept, alternative framework and no answer
(Abraham et al., 1994; Ayas & Ozmen, 2002; Ayas et al., 2010; Costu, 2008). Answers were then coded
according to specific themes. These categories are explained in detail in Table 1. A total of two chemistry experts
were asked to confirm the themes constructed by the researchers.

Table 1. The categories to classify the students’ answers

Category Criteria for classification

Scientific concept Students’ answers which include the understanding criteria of the scientific concept
Alternative Students’ answers which include an understanding of the subset of concepts that
framework contradict the scientific aspects

There is no evidence or insufficient evidence to assess students’ understandings as

No answer L .
scientific understandings

4. Findings and Discussions
The findings are as follows:

The study found that students’ alternative frameworks on the concept of condensation at submicroscopic level
from the aspect of explanations are divided into the explanations with alternative frameworks at submicroscopic
level (11.11%), limited explanations at macroscopic level (19.14%) and no explanation (44.44%).

m Scientific explanations
Explanations with

0,
alternative framework Ll

m Explanations with
alternative frameworks at

. . submicroscopic level
Scientific explanations Limited explanations at

macroscopic level

0 20 40 60 80  mNo explanation

Figure 1 Scientific explanation and explanations with alternative framework on the concept of condensation at
submicroscopic level

4.1 The Students’ Explanations with Alternative Frameworks at Submicroscopic Level

The findings showed that the aspect of students’ explanations with the alternative frameworks at the
submicroscopic level representing 11.11 percent can be broken down into ten sub-categories, namely the
formation of molecules caused by combinations between the particles and not by the formation of bonds,
particles of air turn into liquid, alternative frameworks from the movement of particles aspect, confusion about
the characteristics of particles of matter, the change of phase from gas to liquid due to bond cleavage, reducing
number of particles, the particles become compressed and gathered in one area, the distance between particles is
long, condensation as energy absorption by the particles and the confusion of the attraction force between
particles (refer Table 1). The details of students’ explanations with the alternative frameworks at the
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submicroscopic level are as follows:

Table 1. Summary of students’ explanations with alternative frameworks at submicroscopic level

Students’ Explanations with Alternative Frameworks at Submicroscopic Level ~ Scor;
The formation of molecules caused by combinations between particles and not by the formation 7 9216
of bonds

Air particles change into liquid 7 216
The alternative framework from the aspect of movement of particles 3 093
Confusion about the characteristics of matter 1 031
Change of phase from gas to liquid due to bond cleavage 1 031
Reducing number of particles 4 123
The particles become compressed and gathered in one area 4 123
The distance between the liquid particles is long 4 123
Condensation as energy absorption by particles 3 093
Confusion about the attraction forces between the particles 1 031
Total 35 11.11

4.1.1 The Formation of Molecules Caused by Combinations between the Particles and Not by the Formation of
Bonds

The findings of the study indicate that 2.16 percent of students’ answers were categorized as the formation of
molecules caused by the combination between particles as the most influential alternative framework among the
students compared to other aspects, not by the formation of bonds. This was because the students often used the
alternative framework of this aspect when explaining the phenomena of gas condensation. The following
explanation was provided by the students:

Gas particles will be reduced and combined with the cooling of gas to liquid
(Students aged 16-17 years)

The students’ answers indicated the existence of alternative framework among the students on the concept of
chemical bonds between the particles. The alternative framework was seen as very significant when the students
used the words or terms which were not accurate such as ‘join’, ‘stick’, ‘attach’ and ‘merged’ in describing the
concept of the chemical bonds that exist between particles. This occurred because the concept was less disclosed
and emphasized to the students by the teachers during the teaching and learning sessions, other than that the
students were confused by the words they use in everyday life. The findings of this alternative framework are not
surprising because the studies by Kirbulut and Teeth (2013) based on Lisa’s study found that she also did not
specify the role of chemical bonds when discussing the phenomena of evaporation although she mentioned that
the water molecules will be split (break apart) to hydrogen and oxygen gasses in her verbal statements and
drawings for the phenomena of evaporation. In addition, Lisa did not state that the intermolecular forces such as
hydrogen bonds would hold water molecules together. This condition occurred because the chemical bonds
concept was too abstract for the students and it was difficult for them to master this concept very well.

4.1.2 Air Particles Change into Liquid

The frequency of students who considered the air particles change into liquid form was proven when 2.16
percent discussed this alternative framework in their explanations. This situation occurred when students mixed
the explanations of the submicroscopic level (air particles) with the macroscopic level (change into liquid). This
is proven from the answer given by one of the students:

When the gas is cooled, the molecules present in the gas are converted into liquid. This is because the levels of
activities are decreasing and the molecules are shrinking

(Students aged 16-17 years)
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From the answer, it was obvious that the students were confident that the gas particles were undergoing the
process of heat release which was the cooling that will change to the liquid state. In addition, an interesting
alternative framework to be discussed in this sub-category is related to the change in the sizes of particle entities.
The students talked about the shrinking molecules when gas molecules were cooled down. The explanations of
these students showed that the macroscopic characteristics interfered with the perception of matter at the
submicroscopic level. This was in line with the findings of the previous study by Gabel et al. (1987) which was
that the science teachers in primary schools considered that the atom is increasing in size when changing from
liquid to gas and are not moving further apart. Additionally, the gas particles were also described as orderly and
not in a state of disorganization. Among the causes of the occurrence of an alternative framework was that the
students usually described the phenomena based on intuition rather than based on chemistry concepts unless
stimulated and encouraged to do so. The study by Taber (2001) also reported that it was common for students to
make statements such as ‘Matter melts due to the melted molecules’.

4.1.3 The Alternative Framework from the Aspect of Movement of Particles

Although the aspect of the movement of particles dominated the scientific concept of the students’ explanations,
this aspect has also become an alternative framework among the students by 0.93 percent. This means that only a
small number of students were confused by this aspect when explaining the phenomena of condensation of gas.
This confusion is clear from the following answer:

When the cooling of gas occurs, the high air pressure applied to the gas particles cause the particles often
collide with each other

(Students aged 16-17 years)

An alternative framework of this aspect occurred when the students understood the concept of movement of
particles that was wrong, for example by assuming that the particles collided with each other when the cooling of
gas occurred. In addition, the students were also found to state that the particles move quickly when the particles
become hot. The explanation is consistent with the findings of Novice and Nussbaum (1981) and Mitchell and
Kellington (1982) which stated that 50 percent and 81 percent of the students knew that the energy or the
movement of particles increased with the increasing temperature and 30 percent and 68 percent were aware
otherwise that the cooling led to the reduction of movement of particles.

4.1.4 The Confusions on the Characteristics of Matter

Although the students were aware the phenomena that occurred was the phenomena of condensation, a total of
0.31 percent of answers given by the students showed confusion on the characteristics of particles of matter.
Among the answers are as follows:

The temperature will slow down their movement and will cause them to freeze
(Students aged 16-17 years)

The students’ answers showed that the students used the observations at the macroscopic level to characterize the
behaviour of the particles at the submicroscopic level. The students simply stated that the phenomena that
occurred was condensation but did not describe in detail the processes that took place. This matter revealed that
the students were only able to state the processes and the reactions that occurred but did not explain specifically
the processes and the reactions. This situation showed that the students were able to state the answers accurately
to these questions but gave the wrong explanations. This situation also occurred during the interviews conducted
in the study of Yalginkaya and Boz (2015) on the concept of gas which was under Charles Law with the students
in grade 10 in Ankara, Turkey.

4.1.5 The Change of Phase from Gas to Liquid Due to the Bond Cleavage

Only a small number of students had the alternative framework for this aspect which was for only 0.31 percent.
Example of such explanation is as follows:

Atom gas lost heat energy to break the bond
(Students aged 22-23 years)

The students’ answers showed that they were confused with the concept of energy loss of particles on chemical
bonds between the particles. In a gaseous state, attraction forces or chemical bonding between the particles are
negligible. This finding is not surprising because for a long time in the field of science education studies showed
the existence of alternative framework on this aspect to students. For example, the students considered bond
formation as endothermic whereas bond breaking was considered as exothermic, and also some students had an
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alternative conception that bond formation and breaking were exothermic (Boo, 1998; Barker & Millar, 2000).
4.1.6 Reducing Number of Particles

Only 1.23 percent of students had the alternative framework on the number of particles aspect and the
explanation given is as follows:

The particles become lesser and can move freely
(Students aged 16-17 years)

The students’ answers indicated the existence of alternative framework among the students when describing the
number of particles reducing due to the cooling process that occurred and increased when the gas turned into the
liquid state. This alternative framework can be attributed to the incorrect understanding of the students of the
concept of conservation of particles. A similar situation also occurred in the study by Gabel and Samuel (1987)
when a total of 50 percent of students ignored this concept when drawing up diagrams at the submicroscopic
level. This situation occurred as a result of negligence or whether the students were not aware that the particles
were experiencing the conservation concept.

4.1.7 The Particles Become Compressed and Gathered in One Area

A total of 1.23 percent of students was confused by this aspect in their answers. The confusion was proven in the
following explanation:

This process is called condensation. The cooling process makes the particles stop at the side of the conical flask
and as it accumulates it liquefies and drips down to the bottom of the conical flask

(Students aged 16-17 years)

The state of particles becoming the alternative framework occurred when the students stated the change in the
state of the particles at the level of macroscopic such as particles that were compressed or gathered in one part of
the flask. This alternative framework also occurred in the study of Smith and Villarreal (2015) when the majority
of the students (41-44 percent) considered molecules that were black would not move away from the original
position while in the solid state even though they had melted. This situation demonstrated that the students had
an alternative conception of the idea that molecules moved around within the volume occupied by the liquid.

4.1.8 The Distance between the Liquid Particles is Far

For the scientific concept, the distance of particles aspect was the one most mastered by the students. The
situation did not occur in this section when students showed the existence of alternative framework on this aspect.
However the percentage for this aspect was insignificant and was not worrying about at only 1.23 percent. The
alternative framework occurred when the students expressed the following:

After it is cooled off and changed into liquid, the distance between the particles is farther because the liquid is a
moderate mass and the movement is year

(Students aged 16-17 year)

The answer above proved that the students still considered the distance between the liquid particles was between
the distance of solid particles and the distance of gas particles whereas the right distance ratio according to de
Vos and Verdonk (1987) was 1:1:10. However, this finding was not surprising since the literature showed
significant confusion occurred to the students in terms of the distance of particles in liquid state, for example in
the studies of Johnson (1998), Johnston (1990), Lee et al. (1993), Pereira and Pestana (1991), Scott (1992) and
Stavy (1988).

4.1.9 Condensation as Energy Absorption by Particles

Condensation as the absorption of energy by particles also created confusion among the students. Nevertheless,
the percentage was very small, only 0.93 percent. The alternative framework was expressed by the students when
discussing the answers as follows:

The gas particles start absorbing energy as they are being liquefied
(Students aged 16-17 years)

Based on these answers, it was clear that the alternative framework was expressed by the students on the aspect
of energy absorption. Students were confused by this aspect when assuming the gas particles absorbed the heat
energy when the process of condensation occurred. These students’ confusion was related to the concept of heat
energy that moved the particles in matter. Therefore changes in the states of matter can occur through the heating
or cooling processes, namely when the heat energy is absorbed or released from matter. For the process of
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condensation which was during the cooling process, the heat would be released from matter and particles of gas
lost their energy and moved slower. The alternative framework of this aspect occurred due to the difficulty of the
students to accept the situation that they had to use the ideas of particles to describe the characteristics of the
macroscopic level (Beerenwinkel et al., 2011).

4.1.10 The Confusions on the Attraction Forces between the Particles

The final alternative framework of the students discussed in this study was the confusion on the attraction forces
between the particles with the percentage of 0.31 percent. The example of the student’s alternative framework is
as follows:

Because the heat absorbed is used to overcome the force between the particles
(Students aged 16-17 years)

From the explanation mentioned, the failure of the students to master the concept of attraction forces between
particles is clearly seen. This is consistent with the study by Dow, Auld and Wilson (1978), which realized that
many students did not have the knowledge on the concept of forces in the states of solid, liquid and gas. In
addition, this finding also answered and supported the finding on why many students did not use the idea of
forces between particles when explaining the phenomena of condensation at the submicroscopic level. The study
by Treagust et al. (2011) also found that many students were confused with the attraction forces of
intramolecular and intermolecular. For instance when naphthalene was heated, it would melt because the heat
energy absorption weakened the intermolecular forces between the molecules of naphthalene. It was not
surprising when all the samples (students from form 4, 6, education degree with primary school science and
bachelor of education) except for those with the specialization in biology who had the alternative framework
with the belief that the energy absorbed was used to break the bonds/intramolecular forces in naphthalene. Only
31 percent of the students answered the items correctly to prove the understanding that the intermolecular forces
must be overcome in order for the change to occur from the solid state to the liquid and eventually to gas. This
alternative framework is also available widely in other studies such as the study by Tan and Treagust (1999).

5. Conclusions

The findings of this study indicated that the alternative frameworks of the students on the concept of
condensation at the submicroscopic level from the aspect of explanations are divided into three categories
namely the explanations with the alternative frameworks at the submicroscopic level, the limited explanations at
the macroscopic level and no explanation. The explanations with alternative frameworks at submicroscopic level
can be broken down into 10 sub-categories namely the answers which included the formation of molecules
caused by the combinations between the particles and not by the formation of bonds, the air particles change into
liquid, the alternative framework from the aspect of movement of particles, the confusion about the
characteristics of matter, the change of phase from gas to liquid due to the bond cleavage, reducing number of
particles, the particles become compressed and gathered in one area, the distance between the liquid particles is
far, condensation as the energy absorption by particles and the confusion on the attraction forces between the
particles. These findings showed that the students have ideas and knowledge about the process of condensation,
but the inability of the students to master the submicroscopic level causes the explanations of the students to
have the characteristics of alternative frameworks. This is because the submicroscopic level that cannot be seen
has become a challenging perspective to the students and there are many studies in the literature which reported
on the students’ aspects of matter (Novick & Nussbaum, 1981; Stavy, 1990; Liu, 2001) which can be expressed
as a set of statements describing the behaviour of the particles at the submicroscopic level (de Vos & Verdonk,
1996; Ayas et al., 2010).

The study also revealed that out of the ten sub-categories, the majority of secondary school students have the
tendencies to give the answers on the formation of molecules caused by combinations between the particles and
not by the formation of bonds and the air particles change into liquid. These alternative frameworks are giving
little consideration to the aspects of attraction forces between particles and the distance between particles and
mix the thinking of macroscopic level with the thinking of submicroscopic level when discussing the process of
condensation. This finding has also been reported previously in the literature of which the students mixed the
thinking of macroscopic level with the submicroscopic level when considering Melting Cycle Instruments
(Smith & Villarreal, 2015). This finding showed that students are still weak and lack knowledge of the concept
of condensation at the submicroscopic level. By realizing this situation, the teachers should play greater roles
during learning sessions by focusing on the submicroscopic level.
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6. Implications

The findings showed that more effective teaching methods should be developed to help students master the
concepts of chemistry at submicroscopic level. Therefore teachers should pay more attention to the
submicroscopic level of both aspects of explanations and drawings during the process of teaching and learning
since the students’ mastery on this level indicated that it has the characteristics of alternative frameworks. For
example, the teachers can use the molecular simulations such as Processing (Fry & Raes, 2001) and NetLogo
(Wilensky, 1999) during the teaching and learning in order to emphasize to students the aspects of
submicroscopic level. This method is important in ensuring the students’ understandings of the concepts of
science are becoming more scientific and the existence of alternative frameworks among the students can be
reduced. In addition, teachers also have the role of providing more open-ended questions rather than the
multiple-choice questions to stimulate students’ thinking and prevent the students from remembering and
memorizing the facts alone. This is important as the open-ended questions require students to explain the
phenomena and chemical reactions in greater depth. The open-ended questions which are constructed and
provided also require students to provide answers of both aspects of explanations and drawings at the
submicroscopic level. This is because a good understanding of the scientific concept at submicroscopic level
requires students to be able to provide scientific explanations and drawings.
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