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Abstract

The aim of this study was to investigate mental models of pre-service science teachers about basic concepts
in chemistry. Cross-sectional research design was used in this study. The sample of the study consisted of 60
pre-service science teachers which were 15 freshmen, 15 sophomores, 16 junior, 14 senior. The drawings and
the writing of the students about the basic concepts of chemistry, which we have asked to the participants as
5 open-ended questions, composed of the research data. The students are asked to answer these open-ended
questions on the first page, and they were asked to draw their imaginations about the questions on the
second page so that their mental images can be learned about these concepts of chemistry. Responses of
questions and the students’ mental models were compared with scientific answers/models, and were
evaluated under five categories which were ‘there is no drawing/expression’, “‘wrong or irrelevant drawing/
expression of question’, ‘partially correct drawing/ expression’, ‘the drawing/ expression that has some
deficiencies’, ‘completely correct and complete drawing/ expression’. Tables including frequency were used
analysis of data. The results of study indicated that relationship between levels of writing and drawings
were interpreted according to class level.

Keywords: mental models, pre-service science teachers, basic concepts in chemistry

INTRODUCTION

Each other very closely related to the basic concepts in chemistry. Concepts in everyday language can easily
be used interchangeably, although there are distinct differences between them as scientific. One of the
biggest challenges the school day passed misperceptions and misconceptions of our daily lives
(Yiurtimezoglu and Cokelez, 2010). Students’” misconceptions are known to cause difficulties for their
learning of chemistry concepts (Bekiroglu, 2007).

The latter part of last century witnessed a huge research effort into learners understanding of scientific
concepts and overcoming misconception of basic scientific concepts (Coll, 2008). Much of the this research
has been concerned with perceptions of learner’s in abilities to understand scientific concepts or to develop
conceptual understanding about mental models that are in accord with scientific or teaching models (Garnett
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et al, 1995; Pfundt and Duit, 1994,1997,2000). Theory-making and practice of chemistry and science is
dominated by the use of mental models (Coll, 2008). This it is argued by many authors occurs since when
scientists seek to understand macroscopic properties they inevitably need to consider what is happening at
the microscopic level (Oversby, 2000). Because we cannot see what happens at the microscopic level we need
to develop mental images or mental models of what happens at the microscopic level we need to develop
mental images or mental models of what matter and its changes might be like at this level (Coll, 2008). The
establishment of systematic links between concepts, but it is possible with the process of teaching a scientific.
So, fact that abstract concepts and misconceptions in chemistry education is taught in this course requires the
use of the model. (Treagust et.al., 2002).

The concept of mental model for the first time in the Gentner and Stevens (1983) faced by the students in the
physical world, meanings and interpretations of daily events to create mental representations used to
describe event. According to Norman (1983), Gilbert and Boulter (1998) these models are a special and
personal models which the students created they had acquired earlier on the basis of the information. These
are usually neither the specific of nor the scientific. Addition to being inadequate in some respects may
contain completely the opposite, wrong, and unnecessary concepts (Norman, 1983; Hafner and Steward,
1995, Yiirtimezoglu and Cokelez, 2010).

Mental models are one form of mental images, and as such represent personal mental constructions
(Johnson-laird, 1983). Writers such as Piaget and Inhelder (1974) and Ausubel (1968) have stressed that
mental construction depends strongly on what mental images individuals possess at the time they are
attempting to learn new concepts (Coll, 2008). The literature then suggests that mental models represent
personal mental constructions, although the process of construction may be mediated by a variety of factors.
The personal nature of mental models means that they are intrinsically difficult to investigate (Coll, 2008).
While the importance of mental models has been raised in many fields, it is still considered a complex and
difficult subject to explore. However, while it may be hard to explore individuals’ mental models, it is still
important in order to reveal individuals’ thoughts about key concepts (Chang, 2007).

Information instead of memorizing the basic concepts of chemistry, the right mental models must be created
for effective learning (Uzunkavak, 2009). Given that the concepts formed the basis of the issues would affect
student achievement is occurring misconceptions. (Kara et.al., 2009).

Purpose and significant of study

Knowledge ofbasic conceptsin chemistryis of great importance for chemistry education. Learning
of chemistry issues, it ~is  therefore = importantto  distinguish = between these  basicconcepts.
Therefore, students' beliefs about the topicto reveal this, you must determine the methods. In the
literature, there are studies demonstrating ways of developing the wrong concepts (Halloun and Hestenes,
1985; Meyer, 1993; Krishman and Howe, 1994; Eryilmaz and Tatli, 1999; Mustafa et al., 2003; Koray and
Tatar, 2003; Can and Mansur, 2004; Ekiz and Akbas, 2005). In addition, many methods for
removing and preventing formation of incorrect conceptsdiscussed (Abimbola, 1988, Watts and Pope, 1989;
Pearsall et al., 1997; Pines and West, 1986; Rowel et al., 1990; Cleminson, 1990; Biiyiikkasap and Samanci,
1998; Ertekin and Sulak, 2004; Wessel, 1999; Koray and Bal, 2002).

Using the method of drawing isable to determine conceptual changes in students’ knowledge and
misconceptions, is frequently used in recent years (White and Gunstone, 1992; Rennie and Jarvis, 1995; Sahin
et al., 2008). By this method, students found out the hidden knowledge and beliefs without being dependent
onwords (Ayas, 2006). Students, by painting, the ability to wusethe information provided about

metallic bonds, are much lighter than other measurement tools that were excised (Acar and Tarhan, 2008).
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Purpose of this study was to compare basic knowledge level of students about the basic concept in chemistry

using drawing method and turn out misconceptions on basic concept in chemistry.

METHOD
Research design

Cross-sectional study, which is a developmental research method, was used in this study. Groups are
thought to be followed by the sample selected; the data is interpreted as a single sample collected.

Working group

The sample of the study consisted of 60 pre-service science teachers which were 15 freshmen, 15
sophomores, 16 junior, 14 senior. Data collection tool was applied students who volunteered to obtain in-
depth knowledge and to achieve right result.

Data collection tool

The drawings and the answers of the students about the basic concepts of chemistry, which we have asked
to the participants as 5 questions, composed of the research data. The students are asked to answer these
open-ended questions on the first page, and they were asked to draw their imaginations about the questions
on the second page so that their mental images can be learned about these concepts of chemistry. Responses
of questions and the students’ mental models were compared with scientific answers/models, and were

evaluated under five categories (Table 2).

Table 1. Open-ended questions on the first page

Questions | Expression

1 What is the matter? Egg, table, chicken... Is it a matter and why?

2 When thrown into water-souble salt, salt is not visible. What do you thik the salt?

3 Even a thick sweater on a cold day can drain. What do you think the water which in
a sweater?

4 When you set fire to wood turns black. What do you think that the wood its
hardness?

5 Would you expect the formation of bubles in the water for macoroni throw into the
water? This refers to what occurs in the bubles? What do you think at the time?

Analysis of data

Evaluation of the data takes into account levels given in table 2. Each grade level are evaluated separately,
the levels presented frequency tables.

Table 2. Five-stage evaluation table which used assess levels of writing and drawing on basic concept in

chemistry
Levels Statement Expression | Drawing
Level 1 there is no drawing/expression El D1
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Level 2 | wrong or irrelevant drawing/ expression of question E2 D2
Level 3 | partially correct drawing/ expression E3 D3
Level 4 | the drawing/ expression that has some deficiencies E4 D4
Level 5 | completely correct and complete drawing/ expression E5 D5

FINDINGS AND DISCUSSION

Students about the basic concept in chemistry by analyzing the expression and drawings, misconceptions
and the level of information have been uncovered about concepts. To evaluate information and draw, five-
stage evaluation grid established. Students’ theoretical knowledge on the subject and drawing levels, scaled
up from 1 to 5. The selected sample drawings in accordance with levels, seen in figure 1, figure 2, figure 3
and figure 4.
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Figure 1. Partially correct drawing (sophomore)

In the example selected in accordance to level 3, the student interpreted as the boil at every point, and stated
that the transition from liquid into gas. Also reduce evaporation by saying that only the surface, his
expression was determined according to E3.
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Figure 2. The drawing that has some deficiencies (senior)

In the example selected in accordance to level 4, the student interpreted as the dissolution of substance
solubility in the solvent not see it as E4 level appropriate an expression.
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Figure 3. Wrong or irrelevant drawing of question (freshmen)

In the example selected in accordance to level 2, the student interpreted as matter is everything, in fact,
nothing.
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Karbonun Yanmasi

Figure 4. Completely correct and complete drawing (junior)

In the example selected in accordance to level 5, the student interpreted as_for combustion of carbon, carbon

reacts with oxygen to form carbon dioxide.

Students’ responses were analyzed; writing and drawing levels were tabled for each question. Distribution

of these levels according to the class we can see the tables below.

Table. 3 Distribution of class levels as matter concept

Freshmen Sophomore Junior

Senior

El E2 E3 E4 E5 E1 E2 E3 E4 E5 EI E2 E3 E4 E5

El E2 E3 E4 E5

D1
D2 12 2 1 2 4 3 2
D3 9 4 7
D4
D5

We can look Table 3, we can say as matter concept in terms of level collected the majority that freshmen

know wrong and misconfigured in mind, sophomore partially the right to know and partially correct

configured in mind, there are some missing in information and partially correct configured in mind for

junior and senior.

Table 4.Distribution of class levels as dissolution

Freshmen Sophomore Junior

Senior

El E2 E3 E4 E5 E1 E2 E3 E4 E5 E1 E2 E3 E4 E5

El E2 E3 E4 E5

D1

D2 9 2 3 8 2 4
D3 2 2 4 10

D4

D5
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We can look table 4, we can say as dissolution concept in terms of level collected the majority that freshmen
know wrong and misconfigured in mind, sophomore partially the right to know and misconfigured in mind,
junior know wrong and partially correct configured in mind, senior partially the right to know and there are
some missing in information .

Table 5. Distribution of class levels as evaporation

Freshmen Sophomore Junior Senior

El E2 E3 E4 E5 E1 E2 E3 E4 E5 E1 E2 E3 E4 E5 E1 E2 E3 E4 E5

D1
D2 9 2 1 1 5 5
D3 4 4 10 2 8 2 7
D4
D5

We can look table 5, we can say as evaporation concept in terms of level collected the majority that freshmen
know wrong and misconfigured in mind, sophomore partially the right to know and partially correct
configured in mind, there are some missing in information and partially correct configured in mind for
junior and senior.

Table 6. Distribution of class levels as combustion

Freshmen Sophomore Junior Senior

El E2 E3 E4 E5 E1 E2 E3 E4 E5 E1 E2 E3 E4 E5 E1 E2 E3 E4 E5

D1
D2 11 3 5 4 5 1 3
D3 1 10 7 1 9
D4
D5

We can look table 6, we can say as combustion concept in terms of level collected the majority that freshmen
know wrong and misconfigured in mind, sophomore partially the right to know and partially correct
configured in mind, there are some missing in information and partially correct configured in mind for

junior and senior.
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Table 7. Distribution of class levels as boil

Freshmen Sophomore Junior Senior

El E2 E3 E4 E5 E1 E2 E3 E4 E5 E1 E2 E3 E4 E5 E1 E2 E3 E4 E5

D1 4 2
D2 11 10 5 4 7
D3 2 3 6 5 2
D4
D5

We can look table 7, we can say as boil concept in terms of level collected the majority that freshmen know
wrong and misconfigured in mind, sophomore know wrong and misconfigured in mind, junior partially the
right to know and partially correct configured in mind, senior know wrong and misconfigured in mind.

CONCLUSION AND SUGGESTIONS

Results which turned out discussion of students” writing and drawing levels can be summarized as follows.
Grade level increases, were seen expressed more accurate, more accurate configured in their minds for
matter, evaporation and combustion concepts.

It is not showed that difference between know and draw of the dissolution concept with class levels. But, we
can say that for the concept of dissolution, even if students” knew the wrong, the correct configure their
minds or vice versa.

It is not showed that difference between know and draw of the boil concept with class levels. But, we can say
that most of the students are wrong know and configured in correctly.

In addition, when we look at the results of the study, according to class level and students can see how that
knowledge and misconceptions on this subject can see that. Therefore, the method of drawing is seen to be
effective in revealing students' misconceptions about basic concepts in chemistry. Misconceptions about
basic concepts in chemistry can be listed as follows:

As freshmen:

1. Evaporation and boiling is the same thing.

2. Dissolution is only ionic.

3. Dissolution of solid and liquid is just.

4. Solid-state, the molecules do not move because it is very cramped.

5. Combustion is the change of state.

As sophomores:

1. Evaporation is then boils.

2. Melting and dissolving the same thing.

3. Solids and liquids in volatility are due to only the election movement.

4. Molecules in the solid do not move.

Asjunior:

1. Melting and dissolving the same thing.

2. Solid- state, the molecules do not move.

3. Evaporation happens only at high temperatures.
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4. When water evaporated, breaks down the oxygen and hydrogen atoms.

As senior:

1. Solid-state, the molecules do not move much because the molecules are trapped state.
2. Solid-liquid-gas case is the movement of vibration.

3. Dissolution and melting is the same thing.

4. Boiling happens on the surface.

5. Evaporation and boiling is the same thing.

6. Gas phrase will not matter.
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