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ABSTRACT  The main purpose of this study was to investigate the effect of instruction based on con-
structivist approach on ninth-grade students’ understanding of chemical bonding concepts and their
attitudes toward chemistry as a school subject. The contribution of students’ science process skills to their
understanding was also investigated and gender differences in terms of understanding chemical bond-
ing concepts and attitudes toward chemistry as a school subject were examined. Forty-two ninth-grade
students from two classes of a chemistry course taught by the same teacher participated in the study. The
classes were randomly assigned as control and experimental groups. Students in the control group were
instructed by traditionally designed chemistry instruction whereas students in the experimental group
were taught by instruction based on constructivist principles. This instruction was mainly grounded on
Yager’s (1991) constructivist teaching strategy. The results indicated that instruction based on con-
structivist approach caused a significantly better acquisition of scientific conceptions related to chemical
bonding and produced significantly higher positive attitudes toward chemistry as a school subject than
the traditionally designed chemistry instruction. Science process skill was also a strong predictor in
understanding of the concepts related to chemical bonding. On the other hand, no significant effect of
gender on the understanding of chemical bonding concepts and attitudes toward chemistry as a school
subject was found.
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Introduction

Researchers in science education focused on students’ conceptions before and
after instruction and.investigated what could be done to facilitate conceptual
change in students’ ideas (Smith, Blakeslee, & Anderson, 1993; Osman &
Hannafin, 1994; Jones, Carter & Rua, 2000; Teichert & Stacy, 2002). Thus, the
importance of understanding how students learn scientific concepts has been
stressed. It has been accepted that students develop ideas about world before they
are formally taught and these ideas play an essential role in the learning process.
Students’ ideas are given different names such as children’s science, alternative
frameworks, alternative conceptions, or misconceptions (Driver & Oldham, 1986).
Generally, the term misconceptions implies students’ mistaken answers to a parti-
cular situation; their ideas which cause mistaken answers about a particular situation '
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or their beliefs about how the world works are different than those of the scientists
(Dykstra, Boyle, & Monarch, 1992).

Students have difficulties in understanding most of the concepts in chemistry
and hold misconceptions, which prevent meaningful learning (Staver & Lumpe,
1995; Renstrom, Anderson, & Morton, 1990; Hesse & Anderson, 1992; Pardo &
Solaz-Patolez, 1995; Garnett, 1992). In chemistry, chemical bonding is one of the
basic topics; the substances in nature and the changes they undergo can be
explained by chemical bonding. Understanding chemical bonding concepts is
important in chemistry in order to comprehend the nature of the chemical reac-
tions and some physical properties, such as boiling points. Chemical bonding is an
abstract concept that cannot be applied to everyday life directly and many students
face difficulties in comprehending this concept. They cannot relate microscopic
world to macroscopic changes (Coll & Treagust, 2003; Harrison & Treagust, 2000;
Nicoll, 2001; Tan & Treagust, 1999; Ben-Zvi, Eylon & Silberstein, 1987; Valanides,
2000a, 2000b; Valanides, Nicolaidou, & Filks, 2003). For example, several
researchers (Ben-Zvi, Eylon, & Silberstein, 1987; Valanides, 2000a, 2000b;
Valanides et al., 2003) reported that students could not differentiate between phy-
sical and chemical change at the microscopic level. The students do not view che-
mical reactions as interactive; they simply view chemical reactions as a process of
addition of reactants to form products rather than as a process of bond making and
bond breaking (Valanides et al., 2003). In addition, understanding chemical bond-
ing requires some physics topics, such as energy and force, in which students have
difficulties to correctly conceptualize them. As a result, they hold many miscon-
ceptions related to chemical bonding concepts (Taber, 1995). Most students can-
not understand why and how bonding occurs. They confuse atoms and molecules,
fail to consider octet rule, cannot relate polarity with electro-negativity and cannot
distinguish between ionic and covalent bonding (Nicoll, 2001). In a similar study,
Taber (1994) stated that students believe that the atomic electronic configuration
determines the number of jonic bonds formed; bonds are only formed between
atoms that donate and accept electrons. It was stated that students could not
understand nature of chemical bonding. They have misconceptions that metals
and nonmetals form molecules that is, atoms of a metal and a nonmetal share ele-
ctrons to form molecules; a metal is covalently bonded to a nonmetal to form a
molecule; metals and nonmetals form strong covalent bonds; ionic compounds
exist as molecules formed by covalent bonding and the strength of intermolecular
forces is determined by the strength of the covalent bonds present in the molecule
(Harrison & Treagust, 2000; Tan & Treagust, 1999; Peterson, Treagust, & Garnett,
1989).

On the other hand, most students do not consider metallic bond as a chemical
bond. They believe that metals do not have any bonds since all atoms are the same;
there are some interactions in metals, but there is not proper bonding, or metals
have covalent and/or ionic bonding. These students do not consider the existence
of bonds other than covalent or ionic. Some think that metallic bonding occurs
only in alloys, holding the idea that metallic bonding exists between two different
metal atoms (Taber, 2003). One of the most common misconceptions among stu-
dents is about the structure of ionic compounds, specifically the structure of NaCl.
Butts and Smith (1987) stated that most students cannot understand the three
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dimensional nature of ionic bonding in NaCl. Students think that NaCl exists as
molecules and these molecules are held together by covalent bonds. Other stu-
dents think that Na and Cl atoms are bonded covalently and that the ionic bonds
between these molecules produce the crystal lattice. There are also other studies
(Coll & Treagust, 2003; Coll & Taylor, 2001; Tan & Treagust, 1999) supporting that
students have difficulty in understanding structure of ionic compounds.

Students’ misconceptions interfere with subsequent learning and thus new
knowledge cannot be connected to students’ existing cognitive structure (Teichert
& Stacy, 2002; Boo & Watson, 2001; Appleton, 1993; Nakhleh, 1992) and mea-
ningful learning does not occur. In meaningful learning, the learner makes con-
nections between what he/she already knows and new potentially meaningful
information is integrated in his/her cognitive structures. For meaningful learning
to occur, there should be two conditions. Firstly, new knowledge should have
potential meaning, the learner should have relevant concepts to anchor the new
ideas, and, secondly, the learner should incorporate the new knowledge in a nonar-
bitrary, non-verbatim way. When one or more of these requirements are not met,
rote learning or verbatim memorization occurs. In rote learning, students do not
develop hierarchical frameworks of successively more inclusive concepts. Instead,
they accumulate isolated propositions in their cognitive structures. This causes
poor retention and difficulties in retrieving the new knowledge when needed
(Ausubel, 1968). Therefore, one of the purposes of science education is to change
one’s conceptions by integrating new conceptions, restructuring or modifying
existing conceptions for new conceptions. This process is usually termed as con-
ceptual change.

The necessary conditions for conceptual change are disequlibration, assimila-
tion and accommodation, terms introduced by Piaget (1950). Assimilation refers
to the recognition of a physical or mental event that fits an existing conception.
When an event could not be assimilated under the held conceptions, then accom-
modation occurs. For accommodation to occur, a student must enter a state of cog-
nitive disequilibrium. If the result of an event does not fit the student’s existing
conceptions, this situation disequilibrates the student with respect to his/her cur-
rent conceptionss. If students can assimilate the concepts presented, then there is
no disequilibration and no conceptual change. Conceptual change can be
achieved by disequilibration, which is the result of an unexpected or discrepant
event. Therefore, instruction should aim to disequilibrate students for conceptual
change (Dykstra, 1992).

A conceptual change model proposed by Posner, Strike, Hewson, and Gertzog
(1982) states that the first step is to create_a conflict between students’ existing
ideas and scientific knowledge (dissatisfaction); then, the students consider new
information seriously. Second, a new conception must be intelligible. Intelligibility
also requires constructing or identifying a coherent representation of a passage or
theory. Third, a new ¢onception must be plausible, a new conception must have
capacity to solve the problems generated by its predecessors. Fourth, a new concept
must be fruitful. It must have potential to open up new areas of inquiry. It leads to |
new insights and discoveries. The extent to which the conception meets these con-
ditions is named as the status of a person’s conception. The more conditions that
a conception meets, the higher is its status. Conceptual change does not occur
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without changes in the status of existing conceptions. Learning occurs when the
status of a new conception rises, or, in other words, when a student understands a
new concept, accepts it, and realizes its usefulness. If a new conception conflicts
with the existing knowledge, the student should lower the status of his/her exist-
ing knowledge in order to accept new knowledge (dissatisfaction) (Hewson, 1996).

Different researchers use different terms for conceptual change but there is a
common ground between the various perspectives of conceptual change. Creating
links is an important feature of conceptual change theory, otherwise, there is no
difference between conceptual change and simple rote learning. Conceptual
change concerns with restructuring of existing knowledge (Tyson, Venville,
Harrison, & Treagust, 1997). Therefore, instruction should consider students’ cur-
rent structure that affects their construction of knowledge. If students are provid-
ed with activities in which they use their existing knowledge to overcome obstacles
or contradictions, cognitive reorganization takes place. Activities for raising the sta-
tus of a concept cause conceptual change. These activities may involve presenting
and developing the ideas, providing examples, applying them in other situations,
giving different way of thinking about them, and linking them to other situations.
Also, activities for lowering the status of ideas lead to conceptual change. These
activities may include exploring inadequacy of the ideas and discussing situations
in which the ideas fail to explain phenomena. Status raising and status lowering
activities can overlap (Hewson, 1996).

These types of activities have been considered by constructivist approach,
which stresses the importance of students’ existing ideas and active use of know-
ledge. The main goal of constructivism is to develop higher-order abilities, such as
problem solving, critical thinking, reasoning and reflective thinking. These abili-
ties can be promoted through activities in which students actively use their previ-
ous knowledge. The core commitment of constructivism is that knowledge cannot
be transferred into the students’ minds. Instead students actively construct their
own meanings from the words or visual images they hear or observe. They form,
elaborate and test new knowledge until they become satisfied. Knowledge develops
and continues to change with the activity of the learner. Then, learning occurs by
changing and organizing cognitive structures and changing the status of a con-
ception. Students create new meaning for scientific concepts by reflecting on their
mental activity. The fact that they use their existing knowledge actively in order to
explain new knowledge allows conceptual change (Driscoll, 1994; Steffe, P., &
Gale, ., 1995; Driver, Asoko, Leach, Mortimer, & Scott, 1994). Students should acti-
vate and utilize their prior knowledge in order to integrate new knowledge into
their cognitive structures rather than just recall information. If students become
dissatisfied with their existing knowledge, they reorganize their cognitive structures
in a meaningful way in order to make the new knowledge more understandable
and plausible (Reif & Larkin, 1991). Students should engage in metacognitive
reflection, rethinking their old ideas and comparing them with the new knowledge
in order for conceptual change to occur (Pintrich, Marx, & Boyle, 1993).

On the other hand, a social constructivist perspective favors the idea that sci-
entific understanding is constructed when students engage in social talk and acti-
vity about shared problems or tasks. Social interaction stimulates understanding and
better interpretation of the phenomena. Activities supported by group discussions
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provide reflection of ideas and teachers’ role should be to facilitate and encourage
this reflection (Driver et. al., 1994).

Researchers developed a lot of teaching strategies based on constructivist
approach, such as Driver’s constructivist teaching sequence (Driver & Oldham,
1986), learning cycle approach (Stepans, Dyvhe & Beiswenger, 1988), conceptual
change model (Posner et al., 1982), and bridging analogies approach (Brown &
Clement, 1989). Yager (1991) proposed constructivist teaching strategies such as:

1. Invitation: Ask questions, consider responses to questions, note unexpec-
ted phenomena, identify situations where student perceptions vary.

2. Exploration: Brainstorm possible alternatives, look for information, expe-
riment with material, discuss solutions with others, engage in debate and
analyze data.

3. Proposing explanations and solutions: Construct and explain a model,
review and critique solutions, integrate a solution with existing knowledge
and experiences.

4. Taking action: Make decisions, apply knowledge and skills, share informa-
tion, ask new questions.

In the present study, Yager’s (1991) constructivist teaching strategies were
employed in the teaching approach used to teach chemical bonding concepts.

In studies where constructivist approach was used, it has been showed that con-
structivist-teaching strategies were effective in enhancing students understanding
and achievement. For example, Niaz (1995) studied a dialectic constructivist frame-
work based on cognitive conflict for freshman chemistry students. This framework
stresses the understanding of phenomena within their complex relationships. It
does not isolate and separate processes; it does use interrelationship to one anoth-
er. [t was reported that students exposed to cognitive conflicts were more success-
ful than students who studied the same content in a traditional way. Also, Caprio
(1994) examined the effectiveness of a constructivist approach compared with the
traditional lecture-lab method. It was concluded that students taught by constru-
ctivist methodology had significantly better exam grades. Moreover, these students
seemed more confident in their learning.

Research studies revealed that constructivist teaching strategies are useful not
only for improving achievement but also for helping students construct their own
views about science and develop thinking ability. Carey, Evans, Honda, Jay, and
Unger (1989) concluded that prior to the constructivist methodology that inclu-
ded scientific inquiry, most students viewed science as a way of understanding facts
about the world. After the constructivist methodology, most of the students viewed
scientific inquiry as a process guided by questions and ideas. Tynjala (1998) showed
that students following constructivistic learning develop better ability to apply
knowledge and develop their thinking and communication skills.

Recent research studies (Hearty, Beall, & Scharmann, 1985; Simpson, & Oliver,
1990; Lee & Burkam, 1996) indicated that students’ attitudes toward science is
strongly related to their achievement in science. Attitudes can be defined as pre-
dispositions to respond positively or negatively to objects, such as ideas, events,
places or people. It covers enjoyment, like-dislike, interest, confidence, perception,
value, and competence (Hill & Atwater, 1995). It should also be considered as an
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outcome of science education. Since attitudes form and change during a lifetime
of a person, facilitating this process should be an important part of the work of sci-
ence teachers (Koballa, 1992). It was found that students hold more positive atti-
tudes toward science when they are actively involved in the learning process.
Students prefer science teaching and learning in which they take responsibility and
control of their learning. Being responsible for their own knowledge construction
induces students to be mentally and emotionally engaged in the learning process.
Teaching strategy plays an essential role in determining students’ attitudes toward
science (Ebenezer & Zoller, 1993). Use of hands-on laboratory program improves
students’ attitudes toward science and enhances their achievement (Freedman,
1997). Extracurricular science activities cause students to see science more enjoy-
able, more interesting, and more attractive (Maoz & Rishpon, 1990). Since con-
structivist strategies promote active involvement of students, they are expected to
lead to more positive attitudes toward science.

On the other hand, science process skills are important for understanding sci-
entific concepts. Science process skills involve identifying variables and stating
hypotheses, designing investigations, graphing and exploring data, explaining
results, and drawing conclusions. In the literature, it has been indicated that learn-
ing science requires high cognitive skills (Lazarowitz, 2002; Sungur, Tekkaya, &
Geban, 2001).

Purpose

The primary goal of the present study was to investigate the effectiveness of
instruction based on constructivist approach (ICA) over traditionally designed
chemistry instruction (TDCI) on ninth-grade students’ understanding of chemical
bonding concepts and on their attitudes toward chemistry as a school subject, while
the contribution of students’ science process skills to understanding of chemical
bonding concepts was also investigated. In addition the effect of gender difference
on students’ understanding of chemical bonding concepts and their attitudes
toward chemistry as a school subject was examined.

Methodology

Subjects

The participants were 42 ninth-grade students from two classes of a chemistry
course taught by the same teacher. Each class was taught by a different instructional
method. Data were collected from 22 students taught by a constructivist approach
and from 20 students taught by traditional chemistry instruction.

Instruments
Chemical Bonding Concept lest (CBCT)

This test was developed by the researchers. The content was determined by
examining instructional objectives for the chemical bonding unit and related 1i-
terature. The questions in the test were developed from the literature related to
students’ alternative conceptions or misconceptions with respect to chemical bond-
ing (Butts & Smith, 1987; Tan & Treagust, 1999; Birk & Kurtz, 1999; Coll & Taylor,
2001; Nicoll, 2001) and a set of pilot interviews with some classroom teachers.
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During the interviews, teachers answered questions related to their experiences
about topics where students usually face difficulties. The test consisted of 18 jtems.
The questions required students to predict about a situation where there was a pos-
sibility to give a wrong answer caused by students’ misconceptions. The test inclu-
ded two parts. The first part of the test consisted of two-tier questions and examined
students’ understanding of chemical bonding. Each question had two parts: a
response section in which students were asked to mark only one of two possible
answers and a reason section in which students were asked to select the correct rea-
son for the answer in the previous part. The second part of the test consisted of
multiple-choice questions. Each question in this part had one correct answer and
three distracters. The distracters of an item reflected students’ alternative con-
ceptions or misconceptions identified in the literature or during the interviews
with chemistry teachers. Content validity of the test was established by a group of
experts in science education and chemistry. The course instructor checked the
appropriateness of the items in terms of the extent to which the test sampled the
objectives of the bonding unit of the chemistry course. The reliability coefficient of
the test or its internal consistency (Cronbach alpha) was found to be 0.72. The test
was administered to students of both groups as a pre-test to control students’
understanding of chemical bonding concepts. It was then administered as a post-
test and the results were used for comparing the effects of two instructional strate-
gies on understanding of chemical bonding concepts. The two teaching strategies
were Instruction based on Constructivist Approach (ICA) and Traditionally
Designed Chemistry Instruction (TDCI).

Attitude Scale Toward Chemistry (ASTC)

A scale developed by the researchers was used to measure students’ attitudes
toward chemistry as a school subject. This scale consisted of 15 items in a 5-point
Likert-type scale (fully agree, agree, undecided, partially agree, fully disagree). The
internal consistency reliability of the scale was found to be 0.83. This test was given
to students in both groups after the instructional treatment.

Science Process Skill Test (SPST)

The test was originally developed by Okey, Wise, and Burns (1982). It was tran-
slated and adapted into Turkish by Geban, Askar, and Ozkan (1992). This test con-
tained 36 four-alternative multiple-choice questions. It was given to all students in
the study. The reliability of this test computed by Cronbach alpha estimates of
internal consistency was found to be 0.85. This test measured intellectual abilities
of students related to identifying variables, identifying and stating hypotheses,
operationally defining variables, designing investigations, and graphing and inter-
preting data.

Treatment

The study was conducted over a four-week period. One of the classes was
instructed through the CIA (experimental group) and the other through TDCI
(control group). Both groups were instructed by the same teacher on the same
content of chemistry course. During the treatment, the chemical bonding topics
were covered as a part of the regular classroom curriculum in the chemistry course.
The classroom instruction of the groups was three 40-minute sessions per week.
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The topics covered were definition of a bond, formation of bonds, types of bonds
(intramolecular and intermolecular), polarity and properties of bonds.

At the beginning, both groups were administered CBCT and ASTC to deter-
mine whether there was any difference between two groups with respect to their
understanding of chemical bonding concepts and attitudes toward chemistry prior
to instruction. Also, the students were administered SPST to determine their sci-
ence process skills.

In the control group, the teacher used lecture and discussion methods to teach
concepts and used algorithmic approaches with solving problems. The students
were required to read the related topic of the lesson from the textbook prior to the
hourlong lesson. The teacher described and defined the concepts and after
teacher’s explanation, the concepts were discussed by teacher-directed questions.
The instruction was mainly structured by the teacher without consideration of stu-
dents’ misconceptions.

The experimental group was instructed using ICA. The ICA was based on
Yager’s (1991) constructivist teaching strategy. Thus, as a first step (invitation), the
teacher asked students some questions at the beginning of the instruction in order
to activate their prior knowledge and promote student-student interaction and
agreement before presenting the concept. For example, the teacher began the
instruction with a question asking what a chemical bond means.

As a second step (exploration), students were allowed to discuss the question
in groups by using their previous knowledge related to atoms. The teacher created
the groups based on their grades in the last semester. The groups consisted of four
or five students. Each group involved high, medium, and low achieving students.
The students discussed the question in groups by considering their knowledge on
structure of atoms. During the discussion, students had the opportunity to express
their ideas and realized their peers’ thoughts. They defended their ideas when
there were different from other ideas in a group. At the end of the discussion, each
group was supposed to give a common answer to the teacher. For the question
asked in the invitation step, most students thought that bonds were “things” that
hold atoms together, but they could not explain exactly what the “things” were.
This step was designed to create cognitive conflict(s) following Posner et al.’s
(1982) conceptual change model. During discussions, students became aware of
their ideas and realized some inconsistencies or gaps in their reasoning and there-
fore dissatisfaction occurred.

As a third step (proposing explanations and solutions), the teacher got the
answers from each group. Based on their answers, he explained the concept. He
emphasized the common misconceptions and other topics where students faced
difficulties. He explained why the students’ conceptions were wrong. He present-
ed scientifically correct explanation by using analogies and examples. For the ques-
tion asked in step 1, after the teacher got the students’ responses, he wanted stu-
dents to explain what they meant by saying “things.” However, the groups could not
explain it. Then, the teacher introduced bonding concepts. While explaining what
a chemical bond was, he constructed similarities between magnets and bonds; the
fact that like poles repel each other and unlike poles attract each other is similar
to the attraction and repulsion between electric charges or magnet poles. There
are attractions between particles of two atoms that lead to chemical bonding and
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hold the structure together. This step supports conceptual change described by
Posner et al. (1982). Since the teacher stated clearly what a chemical bond is by
using magnets, emphasizing interactions and stressing students’ preconceptions,
the concept became intelligible and plausible to the students. In addition, the stu-
dents realized that they could use this explanation for finding solutions to other
questions; in this way, Posner et al.’s (1982) last condition (fruitfulness) was
achieved.

As a last step (taking action), the teacher concluded that chemical bonds are
electrostatic forces and asked a new question which was: Why chemical bonds are
formed? Before presenting each new concept, the teacher asked questions which
students could answer by using their previous knowledge. Some questions were:
What is the reason that atoms form bonds? Why do metals and nonmetals or non-
metals and nonmetals form bonds? Why is table salt hard solid? Why does table salt
conduct electricity when dissolved in water? Why is wax a low melting substance?
Why are metals shiny? All of the questions reflected students’ misconceptions
found from the literature (Butts & Smith, 1987; Tan & Treagust, 1999; Birk &
Rurtz, 1999; Coll & Taylor, 2001; Nicoll, 2001). Yager’s (1991) constructivist teach-
ing strategy was used for each question in a cyclic way.

The researcher observed both groups randomly during treatment and con-
firmed that the teacher fulfilled the requirements of treatment. At the end of the
treatment, all students were given CBCT and ASTC as post-tests in order to com-
pare the effectiveness of ICA over TDCI.

Results

At the beginning of the instruction, there was no significant difference
between the two groups in terms of understanding chemical bonding concepts
(t(40) = 0.932, p>0.05), attitudes toward chemistry as a school subject (£(40) =
0.670, p. >0.05), and science process skills (£(40) = 1.130, p->0.05).

A2 (gender) X 2 (groups) analysis of covariance (ANCOVA) was used to deter-
mine the effectiveness of the instructional methods related to chemical bonding
concepts by controlling the effect of students’ science process skills as a covariant.
In addition, by using this analysis, the effect of gender difference on students’
understanding of chemical bonding concepts was explained. Also, this statistical
technique revealed the contribution of science process skills to the variation in
understanding chemical bonding concepts.

The two-way analysis of covariance (ANCOVA) showed that there was a signifi-
cant difference between the post-test mean scores of the students taught by ICA
and those taught by TDCI with respect to the understanding of chemical bonding
concepts (E(1,37)=71.190; p<0.05). The ICA group scored significantly higher
than TDCI group (X (ICA) = 12.272, X (TDCI) = 8.400).

After instruction, students in the experimental group became more comforta-
ble with the chemical bonding concepts. For example, when students were asked
whether CaClg was an ionic compound in the first part of the question and in the
second part, they were asked to state the reason of their answer to the first part,
58% of the students taught by ICA seemed to be comfortable with the right idea
that CaCly is an ionic compound, because there is an electron transfer. On the
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other hand, only 37% of the students taught by TDCI were able to identify whether
CaCly is an ionic after treatment. The common misconceptions in this group were
that electrons are shared between atoms (28%) and that the ability of calcium
atom to attract electrons is similar to that of chlorine atom (11%). Based on this
item, it can be inferred that students confused the formation of ionic and covalent
bonding. In another question, in the first part, students were supposed to state
whether the sentence “When NaCl dissolves in water, there are still ionic bonds
between sodium and chlorine atoms in solution” was correct or not. In the second
part of the same question, the students were asked to state their reasoning for the
previous part. Although both groups showed low achievement for this question,
the majority of the TDCI group students thought that NaCl is still molecular in
water, which was wrong. Only 5% of the students in the TDCI group gave correct
answer to the two parts of this question, whereas 28% of the students in the ICA
group answered it correctly stating that NaCl exists as a discrete pair of Na™ and CI”
after instruction.

Among control group students, the common misconceptions were that NaCl
exists as molecules (55.6%), and positive charge on sodium ions are neutralized by
gaining electrons from chloride ions (22.2%). Students were also asked to give a
reason to the following question: “Why does not Ny decompose at high tempera-
tures although its boiling point is very low (-147 0C)?” Students were supposed to
state that the boiling point of Ng is very low (-147 9C), on the other hand, at high
temperatures, it does not decompose due to intramolecular forces because triple
bond is very strong compared to intermolecular (Van der Waals) forces. After
instruction, 40% of the students answered correctly both parts of this question.
However, after instruction, only 18% of the students in the TDCI group answered
the two parts of this question correctly. Most of the students confused intermole-
cular and intramolecular forces, they thought that Ny has strong intermolecular
forces, thus it does not decompose at high temperatures (28%). When students
were asked why boiling point of NHj is higher than that of CHy, 55% of the stu-
dents in the ICA, group stated correctly that the boiling point of NHjs is higher
than that of CIH4 because there are hydrogen bonds between NHjs molecules.
However, only 17% of the students in the TDCI group answered the same question
correctly. Again in this question, students confused intermolecular and intramole-
cular forces 33% of the control group students stated that NHg contains covalent
bonds, and thus it has higher boiling point, while 28% of the students in this group
thought that CH4 has covalent bonds, and, for this reason, it has lower boiling
point. 22% of the students claimed the existence of Van der Waals forces in CHy
molecules as a reason for low boiling point; These questions caused striking dif-
ference between the percentages of students’ the correct responses in the experi-
mental group and the control group. After instruction, percentage of average cor-
rect response of experimental group students was 67.10% and that of control
group students was 47.85%.

The findings also revealed that there was no significant mean difference
between male and female students in terms of understanding chemical bonding
concepts (F(1,37)=2,141; p>0,05). The mean posttest scores were 10.42 for
females and 10,44 for males. In addition, there was no interaction between gender
and treatment with respect to students’ understanding of chemical bonding con-
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cepts (F(1,37)=0.716; p>0.05).

On the other hand, there was a significant contribution of science process skills
on students’ understanding of chemical bonding concepts (F(1,37)=134.850,
p<0.05).

In order to test the effect of treatment and gender on students’ attitudes
toward chemistry as a school subject, a 2 (gender) x 2 (treatment) analysis of vari-
ance (ANOVA) was used. The results showed that there was a significant mean dif-
ference between students taught through instruction based on constructivist
approach and traditionally designed chemistry instruction with respect to attitudes
toward chemistry as a school subject (F(1,38)=5.731; p<0.05). Students instructed
by instruction based on constructivist approach had more positive attitudes
(X=57,318) than students taught by traditionally designed chemistry instruction
(X=53,150).

Also, there was no significant mean difference between male and female stu-
dents with respect to attitudes toward chemistry as a school subject (F(1,38)= 3,246;
p>0,05). In addition, no significant interaction between gender difference and
treatment was found (E(1,38)=0.444; p>0.05).

Discussion

The main purpose of this study was to compare the effectiveness of two instru-
ctional approaches (a constructivist approach and a traditionally designed che-
mistry instruction) on ninth-grade students’ understanding of chemical bonding
concepts and their attitudes towards chemistry as a school subject, while the con-
tribution of students’ science process skills to their understanding and gender dif-
ferences were also examined. The results indicated that students taught by the con-
structivist instructional approach had a significantly better acquisition of scientific
conceptions related to chemical bonding and less misconceptions than the stu-
dents taught by the traditionally designed chemistry instruction. Chemical bond-
ing is a very abstract topic that also requires some knowledge of physics concepts
to fully comprehend chemical bonding concepts. Thus, students could not easily
comprehend the nature of chemical bonding. Most students initially expressed
ideas indicating that bonds were ‘material things’ connecting atoms together
rather than electrostatic forces. They also held the conception that a bond should
be either ionic or covalent. Evidently, teachers should focus on their students’ con-
ceptions when teaching chemical bonding concepts and attempt to help them
overcome possible difficulties in understanding chemical bonding and other relat-
ed concepts. Students should become aware of their existing ideas, and teachers
should provide experiences and appropriate scaffolding leading to a restructuring
of their cognitive schemas. ‘

In the present study, a constructivist teaching strategy (Yager, 1991) was com-
pared with a traditionally designed chemistry instruction. In the constructivist
teaching strategy, as a first step (invitation) the teacher raised questions to activate
students’ prior conceptions that were subsequently discussed within groups of stu-
dents (exploration). Thus, the teacher created a learning environment where stu-
dents could use their prior knowledge and become aware of their already existing
conceptions. During discussion with their peers, the students tried to make con-
nections between their existing knowledge and the new concept. For example, stu-
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dents’ knowledge about the structure of an atom helped them understand why
atoms bond to each other. Students realizing that their existing ideas were not
effective in explaining the new situation took the new knowledge into serious con-
sideration. Students in this group were encouraged to apply their experiences to
new situations and, through group discussion and appropriate scaffolding, they
tried to find appropriate answers to their questions. They took responsibility for
their own learning rather than passively accepting their teacher’s explanations. As
a third step (proposing explanations and solutions), the teacher explained the
concept based on students’ answers by using some analogies. The teacher focused
on students’ misconceptions and tried to help them accommodate their cognitive
structures. As a last step (taking actions), the teacher raised questions involving a
new concept.

In the experimental group, social interaction was also emphasized and the
teacher.encouraged the students to work together, to explain what they were doing
and reflect during the learning process. Students were guided to apply their exist-
ing ideas and prepare them to change them with the scientifically correct expla-
nations by lowering the status of their initial conceptions.Students in the control
group did not experience the same situation and there was only limited interaction
between the teacher and the students. Meaningful learning occurs only when stu-
dents are guided to integrate new learning within their existing cognitive struc-
tures in appropriate ways.

The results also indicated that students instructed by the constructivistic
approach had more positive attitudes toward chemistry as a school subject than stu-
dents taught by the traditionally designed chemistry instruction. Most students view
chemistry as a difficult subject to learn and they try to avoid chemistry instruction
in schools. But, students in the experimental group had significantly more positive
attitudes towards chemistry instruction that focused on their ideas and encouraged
them to reflect on relevant situations, apply their knowledge and share ideas with
their peers. Well-designed activities should always take into consideration students’
preconceptions and encourage them to reflect and explain phenomena.
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