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ABSTRACT: The aim of this study is to investigate high school students’ cognitive structures and to identify
their learning difficulties in physical and chemical changes through word association test (WAT) and to compare
at different students grades. The study was comprised of 167 students who are_attending at ninth (88 students)
and tenth grades (79 students). The WAT was used as data a_collection instrument developed by the researcher.
Before WAT is developed, the physical and chemical change topic placed in high school chemistry curriculum
was examined to select the stimulus words of WAT. The WAT comprised of eight total stimulus words, among
them chemical reaction, energy, chemical property, and physical property, is used to probe students’ cognitive
structures. At the end of the study, it was found that differences in the students’ cognitive structures at ninth and
tenth grades make it clear that instruction affects the cognitive structure. On the other hand, it was also
concluded that students from both grades cannot associate with the concept of energy with other concepts of the
subject.
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INTRODUCTION

The examination of students’ cognitive structure is important for probing what learners know about a topic
before their instruction. In addition, visualizing students’ cognitive structures is essential for understanding how
students understand a previously taught subject. Fisher (2004) has indicated that all learners construct knowledge
in their conscious working memory, and store that knowledge in long-term memory. The knowledge students
acquire in science classrooms is stored in long-term memory in a hierarchically organized form, and can be
represented as a cognitive structure in their memory (Tsai, 2001; Kalyuga, 2006). The cognitive structure
comprises learners’ existing experiences and knowledge that will lead to their reconstruction and information
processing of the incoming stimuli (Nakiboglu, 2008).

Determining students’ cognitive structure is important for assessing what a learner knows about the subject
knowledge. Therefore, knowing students’ prior knowledge can guide teachers to design appropriate teaching
strategies in their classless. There are several techniques that researchers can use to gain insights into students’
cognitive structure. A word association test (WAT) is one of the most common methods for mapping cognitive
structures (Bahar et al. 1999; Cachapuz and Maskill, 1987; Nakiboglu, 2008). WAT provides wide-ranging lists
of concepts that are associated with the concepts in the students’ minds (Gussarsky and Gorodetsky, 1988). The
underlying assumption in a WAT is that the order of responses reflects at least a significant part of the structure
within the semantic memory, and between concepts (Shavelson, 1972). WAT has been frequently used to
observe changes before and after instruction in various science disciplines (Nakiboglu 2008; Shavelson 1973).

Of particular interest to this study are students’ understandings about the physical and chemical changes. The
subject of the physical and chemical changes is one of the basic and essential issues of high school chemistry
curriculum and also is related to daily life. To add, the subject is taught at the middle school level. On the other
hand, it is stated that students have learning difficulties and misconceptions concerning the identification of the
physical and chemical changes. Although so many studies of specific learning problems and students’
misconceptions concerning the physical and chemical changes have been reported, there is not known about
students’ cognitive structure about the physical and chemical changes. The research question which provided a
focus for the research reported in this study is:
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How do students’ cognitive structures, as related to the physical and chemical changes, change according to
students grades?

METHODS

The study was comprised of 167 students who are attending at ninth (88 students) and tenth grades (79 students).
The WAT was used as data a collection instrument developed by the researcher. Before WAT is developed, the
physical and chemical change topic placed in high school chemistry curriculum was examined to select the
stimulus words of WAT and to establish the content validity of the WAT (Gay and Airasion, 2000, p. 163). The
WAT comprised of eight stimulus words and they were chemical change, physical change, chemical reaction,
energy, chemical property, physical property, matter, and reaction equation. The students were provided with a
booklet, each page containing each page of which contained one of the eight stimulus words. For each stimulus
word, students were asked to write down within 30 seconds as many response words as they could think of in
association with each stimulus word. To obtain inter-judge reliability of the analysis, after the same WAT was
applied, all WATSs were analysed and a concept map drawn from the WAT results twice by the author in the
different times.

There are several ways of scoring the data provided by a WAT. One way of representing the cognitive structure
is by drawing a map. A number of different types of the map of KS can be produced (Preece, 1978) It is possible
to draw a map using response frequencies for looking for relations used by Bahar et al. (1999). Researchers have
claimed that counting the number of responses to each stimulus word is also one method of summarizing the
WAT data (Shavelson, 1974; Bahar et al., 1999). Nakiboglu (2008) has also suggested another mapping method
by using response frequencies. In the present study, two response frequencies’ map methods were used for WAT
analysis developed by Bahar et al. (1999) and Nakiboglu (2008). The number of responses to each stimulus word
was tabulated for 9th and 10th grades firstly and then maps were drawn taking into account these tables. In
Nakiboglu’s method, the thick lines represent the strongest interconnections between both two stimulus words
and a stimulus word and a response word, while the thinner line between two stimuli words or a stimuli word
and a response word indicates a weaker relation in the graphic representations of the cognitive structures.

RESULTS and FINDINGS

The maps of students’ cognitive structures were drawn from the frequency tables by using both Bahar et al.
(1999) and Nakiboglu (2008) methods. Only the maps which drawn according to Nakiboglu’s method (2008)
were presented in Figures 1 and 2 for 9™ and 10" grades, respectively. Because the highest frequency range was
41< <49, this value was selected as the beginning frequency range for mapping. The lowest frequency range
was found as 16< <20 for 9th grade and 13< <20 for the 10th grade since all stimulus words were appeared in
this range for both grades.
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Figurel. The 9" Grade Students’ Cognitive Structure
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Figure2. The 10" Grade Students’ Cognitive Structure

The comparison of 9" and 10" grades students’ cognitive structures shows that while all stimulus words
appeared and were added to the map at the frequency range 16<f<20 and three separate islands in Figure 1, not
all stimulus words appeared at the same frequency range in Figure 2. In the case of 9™ grade that before teaching
the physical and chemical changes topic there were more disconnected ideas in the students’ minds. The five
stimulus words (matter, chemical change, reaction equation, chemical reaction, and chemical property) were
connected to each other via only atom concept. While two stimulus words (matter and physical property) were
connected to each other via three concepts (gas, solid, and liquid), two stimulus words (reaction equation and
chemical reaction) were connected to each other via two concepts (element and compound). In the case of 10"
grade, all stimulus words appeared at the frequency range 13< <20 and two separate islands were placed in
Figure 2. There were more connections between stimulus words. While three stimulus words (matter, chemical
property and physical property) were connected to each other via the atom concept, three stimulus words
(chemical change, physical property and physical change) were connected to each other via the melting concept.
The stimulus words physical property and physical change were connected to each other via the concepts shape,
freezing and breaking concepts. While three stimulus words (chemical change, chemical reaction, and chemical
property) were connected to each other via the combustion concept that is very significant connection among
these tree stimulus words, the stimulus words chemical reaction and reaction equation were connected to each
other via the concept of product meaningfully.

CONCLUSION

In this study, the word association test (WAT) was applied successfully in identifying conceptual organization of
the cognitive structure of two student groups (9th and 10th grades) about the physical and chemical changes. It
was concluded that there were differences between these two grades and the instruction did produce a significant
difference. It can be said that instruction clearly has an influence on students’ cognitive structure about the
physical and chemical changes.

The method of analysis developed by Nakiboglu (2008) was used for atom topic first time and in her study
Nakiboglu found that this method enabled the detection of strongly and weakly related concepts within a
conceptional organization. Similarly in this study, the same method was also used to analyze the WATSs and
found out that strongly and weakly related concepts within the conceptional organization concerning the physical
and chemical changes could be identified.

RECOMMENDATIONS

As suggested constructivist theory, meaningful learning can take place only when the learner is able to relate the
new knowledge provided by a teacher to their existing knowledge. The examination of students’ cognitive
structures is important for probing what learners know about a topic before their instruction. Therefore, to gain
students’ cognitive structures before instruction can guide the design of the teaching process, which may lead to
the construction of the desired knowledge. For this reason, the first recommendation of this study is that the
teachers should gain information about their students’ prior knowledge before the instruction that so they can
find to chance to reconsider their teaching strategies. So many techniques can be used for probing students’ prior
knowledge and the WAT can also be suggested to use before the instruction to gain the students’ prior concepts
in students’ conceptual structure.
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