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Abstract 

This present study aims to determine the prospective science teachers’ cognitive structure 
about the domain of buffer solution with word-association test. The research was conducted in 
the spring semester of the academic year of 2018-2019 with a sample of 71 prospective science 
teachers in the department of science teaching program at a state university in central 
Anatolian region in Turkey. To be able map the structures, response frequencies were used. 
Nine of the 71 prospective science teachers are male and the rests are female. This is a 
qualitative descriptive study. The word-association test contains eight stimulus words to 
collect data about prospective science teachers’ cognitive structure for the domain of buffer 
solution. The opinions of four instructors who has already taught chemistry III (analytical 
chemistry in content) course to the prospective science teachers were obtained for the 
appropriateness of the stimulus words used in the present study. The gained data was analyzed 
by using response frequency map method. The obtained findings have been discussed on the 
base of the related studies and some suggestions have been made. 
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Contribution of this paper to the literature 
This study contributes to existing literature by determining the prospective science teachers’ cognitive 
structure about the domain of buffer solution with word-association test. 

 
1. Introduction 

Carrying the knowledge to a person’s mind and how a person structure this knowledge is one of the main 
issues that is interest of many education researchers. Constructing the knowledge actively via association of this 
knowledge with pre-existing knowledge and former experiences is the approach of constructive learning (Bodner, 
1986; Anderson, 1992).  Learning is a crucial thing for everyone because through learning one can understand and 
master something and thus can improve his/her ability. The increase in the ability of a person can be seen from the 
development of knowledge and activeness of the person in forming the knowledge. Learning is the process of the 
interaction between the existing knowledge in student’s mind and what is taught to the student (Posner et al., 
1982). Chemistry cannot be learned only through a process of memorization and remembering soundly but 
students should be able to connect the concepts in chemistry teaching and learning process eventually not to lead 
to any misconceptions. Misconceptions generally occur due to the lack of student’s pre-knowledge of the concept 
being studied. The lack of students’ knowledge might be due to the cognitive structure that students have not well 
developed. According to Garner (2007) the cognitive structure compares the data sets to process knowledge in 
understanding the concepts. Students whose cognitive structure has not been well-developed well feel that learning 
is a burden and an unpleasant activity. 

One of the most important topics in chemistry is the buffer solution. To establish a sound and well-developed 
cognitive structure, students should not only learn about how to calculate buffer pH but also understand the nature 
of buffer solution concepts and the importance of buffer conditions in real life. The low learning outcomes of the 
students are associated with the inability of students in processing knowledge during the learning process or 
cognitive process of students who have not developed well. Many teachers may assume that the cognitive structure 
works automatically so that teachers do not directly identify the cause of learning difficulties experienced by the 
students, and thus, the students’ learning outcomes are low because of the cognitive structure of the vain students 
(Garner, 2007). Teachers should conduct a cognitive structure analysis because the cognitive structure could affect 
the student’s learning process. The cognitive structure can be analyzed using different techniques. Techniques such 
as multiple choice test, WAT, drawing-writing, concept map, diagnostic tree, conceptual change text and analogy. 
Based on the above description, the present study tries to determine the cognitive structure of the prospective 
science teachers by using WAT in teaching buffer solution which is the part of chemistry III course in the fall 
semester of science teaching program. Not only in the content of chemistry III, but also the subject of buffer takes 
part in general chemistry II course and its experimental applications. This general chemistry II course is offered in 
the spring term of the first year. To have knowledge about the students’ cognitive structure related to the buffer 
solution provides some advantages to teachers in terms of instruction (Nakiboglu, 2008; Derman and Eilks, 2016). 
Analysis of student cognitive structure can be used to know the description of the students’ understanding and 
knowledge about buffer solution. If there is an incorrect or insufficient student understanding of buffer solution 
then the teacher can find the right solution to overcome the problem. The learning process of the students on 
buffer solution can provide a learning experience to these students to develop a better cognitive structure. Based on 
the background that has been described above, the research question of the present study can be identified as 
follow:  

How is the cognitive structure of prospective science teachers based on WAT method about buffer solution?   
 

2. Method  
Johnson (1967) originally proposed the word association test. Since then, it has been used by many researchers 

and became a widespread tool in science education studies (Shavelson, 1972; Nakiboglu, 2008; Schizas et al., 2013; 
Derman and Eilks, 2016). The word association test is a data collection tool used to determine and map the 
concepts, interrelationships, conceptual structures of cognitive structures related to a phenomenon or subject area 
in science education researches and has been used by many researchers (Shavelson, 1972; Gunstone, 1980; Bahar 

and Hansell, 2000; Uzuntiryaki and Geban, 2005; Nakiboglu, 2008; Aydın and Taşar, 2010; Koseoglu and Bayir, 
2011; Schizas et al., 2013; Kurt and Ekici, 2013;2013a). The WAT can help us to understand the number of the 
concepts, the direction and the power of the associations between the concepts in the cognitive structure of 
learners. The purpose of this study is to analyze the cognitive structure of prospective science teachers by using 
WAT technique about buffer solution. The research was conducted with a sample of 71 science teaching program 
students in the spring term at a state university.  
 

2.1. Data Collection 
In the present study, we collected the data by using WAT technique. A booklet of having eight stimulus words 

was prepared. These stimulus words are: the solution, buffer solution, acid, buffer capacity, equilibrium 
concentration, base, analytical concentration and salt. The assurance of the content validity was provided whether 
the curriculum of the science education program covers the concepts about the topic of buffer solution. 
Furthermore, the opinions of four instructors who has already taught chemistry III (analytical chemistry in 
content) course to the prospective science teachers in science teaching program, were obtained for the 
appropriateness of the stimulus words used in the present study.  

The WAT booklets were prepared in a way that participants can only see one stimulus word on two pages. 
One stimulus word is given in one page and the next page is left blank so the students are not influenced by seeing 
the relevant stimulus words. The participants then were asked to write as many terms as they can for a given 
period of time (90 seconds). 
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2.2. Data Analysis 
The total response words were counted and tabulated in Table 2 for each stimulus word. The author used the 

response frequency map suggested by Nakiboglu (2008). The frequency table and the frequency map were 
prepared. The direction and the thickness of the arrows were determined according to the frequency table. Thicker 
the arrow or rectangular box the more frequent the word is. Two types of arrows are designated to show the 
association. The first one is a continuous and originated from the stimulus words to the response words. The 
numbers at the right side of these arrows represent the thickness of the arrows. The second type of arrow is a 
dotted line. These arrows are used to represent the association of the same response word with different stimulus 
words.  

These arrows are also originated from the stimulus words to the response word. The thicknesses of the arrows 
are represented by the italic number at the right side of the arrows in order to prevent the confusion.  The 
validation of the response words were checked with the content of chemistry III course which is given to the 
sophomore student in the fall semester. In the context of chemistry knowledge or especially the topic of buffer 
solution, the unrelated response words were omitted. If the frequency value of the response words was four or less, 
it is not included in the frequency table. Since the obtained response words are enormous data in number, a sample 
of the most repeated ones is given in the frequency table see Table 2. For each stimulus word, participants were 
allowed ninety seconds to write the words in their mind. It took about 12 (90 seconds for each stimulus Word) 
minutes to complete WAT booklets. 

As a tool WAT is used to collect the data about the cognitive structure of the prospective science teachers on 
the topic of buffer solution. The WAT is a reliable technique used as a procedure for measuring numbers of the 
concepts, directions and strengths of the association between the concepts (Mervis and Rosch, 1981; Novak and 
Govin, 1984).  
 

2.3. Educational Background and Sample 
In Turkey, science teaching is a four-year college program. The program mainly consists of biology, chemistry 

and physics courses. In the first year of the program, prospective science teachers (PSTs) are given general 
chemistry I and its applications in the fall semester and general chemistry II and its application in the spring term. 
General chemistry II course covers the chapter of acids and bases which composed of pH and pOH calculation of 
aqueous solutions, acid-base reactions, titrations, hydrolyses and buffer solutions.  

In the fall term of the second year, chemistry III course is taught to the PSTs which cover the all aspects of 
buffer solutions. According to the outline of the textbook, the topics covered in this course are: a review of 
elementary concepts of analytical chemistry, gravimetric analysis, titrimetric methods of analysis, solution 
chemistry, theory of neutralization titration for simple systems, titration curves, buffer solutions, pH calculations,  
preparation of buffer solution and buffer capacity. The textbook followed in this course is the analytical chemistry I 
by Skoog, West and Holler. 

Data were collected from 71 PSTs in science teaching program at a state university in the spring term of 
2018/2019 academic year. The demographic feature of the PSTs is given in Table 1. All PSTs were expected to 
know “What is the buffer solution. How it is prepared, how pH and pOH values are calculated, what is the buffer 
capacity and what are the equilibrium and analytical concentration.”  
 

Table-1. Demographic feature of the participants. 

Gender f % 

Female 62 87.3 
Male 9 12.7 

Average age 20.52  
Total 71 100 

 

3. Results 
Data obtained from the WAT were analyzed using techniques of number of words and number of responses 

(Atasoy, 2004; Derman and Eilks, 2016). Unrelated response words such as data, flour, suspension, Qi, Nusret, Kdd, 
Kc, boiling point, air, gas, gas mixture, iodic, silver-mercury, frequency acid, inhibition, energy, electric current, 
addition, transformation, fullness, subtraction, soup, white, range, anode and amalgams etc. are not included in the 
analysis. More than 120 response words were omitted. The result of WAT about buffer solution is encoding. The 
encoding follows the following format:  

(F1), (M2). The letters F stands for female and M for male prospective science teachers. The numbers 1and 2 
represent the first and the second student respectively. This representation was used up to the 71st student.  

The frequencies of response words for the stimulus word are presented in Table 2. The correlation between the 
stimulus and response words was shown using frequency map. Seven different frequency range categories were 
obtained from the survey and this is given in Figure 1-3. In the frequency map the arrows are originated from the 
stimulus words and directed to the response words. Each stimulus word was put in a rectangular box. The 
thickness of the rectangular box is also associated with the number of frequency of that word presented in the box. 
The thickness of the used arrow was set as the number frequency. The numbers next to the arrows represent the 
number of frequency of response words. For instance, the thickest arrow is represented as 62 in which word “Base” 
(a response word) which is associated with the stimulus word “Salt” was repeated 62 times accordingly, it is placed 
in the first category. Furthermore the thickness of the rectangular boxes was set as the number highest frequency. 
For example, the thickness of rectangular box of stimulus word “Base” is 53. The same thickness was used for the 
stimulus word “Base” throughout the frequency map. Same applies for the other stimulus words. 

 
 
 
 



Asian Journal of Education and Training, 2019, 5(3): 422-428 

425 
© 2019 by the authors; licensee Asian Online Journal Publishing Group 

 

 

Table-2. A sample frequency table from WAT data. 

 
Stimulus words 

Response 
 words 

Solution 
Buffer 

solution 
Acid 

Buffer 
capacity 

Equilibrium 
concentration 

Base 
Analytical 

concentration 
Salt 

Base 31 47 26 25 15 -- 13 62 
Acid 33 50 -- 26 16 27 13 53 

pH 12 33 46 22 6 28 -- 15 

Water 26 28 8 7 -- 12 -- 37 

Salt 10 31 17 9 5 20 -- -- 

Solution -- 8 7 19 16 7 8 10 

Solute 41 11 -- 5 7 -- 6 -- 

Solvent 42 12 -- -- 6 -- -- -- 

Reaction -- 10 8 -- 16 7 5 20 

Litmus paper -- -- 38 -- -- 30 -- -- 

Mixture 42 8 -- -- -- -- -- -- 

Sour -- -- 44 -- -- -- -- -- 

Neutral -- -- 9 -- -- 9 -- 22 
OH ion -- -- -- -- -- 36 -- -- 
H ion -- -- 27 -- -- -- -- -- 

Weak base -- 22 -- 7 -- -- -- -- 
Products -- -- -- -- 21 -- -- -- 

Equilibrium -- 8 -- 5 3 -- 5 -- 
Reactants -- 

 
-- -- 20 -- -- -- 

Strong acid -- 12 6 5 -- -- -- -- 
Weak acid -- -- 7 5 7 -- -- -- 

 
Moreover, the stimulus words are also presented in a rectangular box. The thickness of the box for each of the 

stimulus words is different. The frequency obtained in the survey was classified into three different levels. The first 
one is high, the second one is moderate and the last one is weak level. The dotted-line arrows are also used to show 
the association of different stimulus words with the same response word about the buffer solution.   

At the highest level in Figure 1, the response word base associated with the stimulus word salt is repeated 62 
times. At the 61≤ f ≥70 level, salt was associated only with one word, “Base”. The other stimulus words are not 
associated at this level. At the second level, salt and base are associated 53 times. The word salt is associated with 
acid and the word base with “hot.” At the third level only the words buffer solution, acid and solution are 
associated. The word buffer solution is associated with two response words, acid and base, the word acid is 
associated with response word pH and “sour” and the word solution is associated with four response words, 
homogeneous, mixture, solvent and solute. At the fourth level (the moderate level), the words salt, base, acid, 
solution and buffer solution are associated. The stimulus word salt is associated 37 times with the word water. The 
stimulus word base is associated with 7-14 numbers and OH- ion 36 times on both. The stimulus word acid is 
associated with the response word litmus paper and 0-7 numbers. At this level, the response words acid, 
heterogeneous and base are associated with the stimulus word solution.  
 

 
Figure-1. Cognitive structure with association at high level. 
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The last stimulus word buffer solution is associated with the pH and salt. At the fifth, sixth and seventh level, 
all the stimulus words are associated with the response words. In this study, the data obtained through WAT was 
applied to find out the learning difficulties that the students experience when learning the subject of buffer solution. 
 

 
Figure-2. Cognitive structure with association at moderate level. 
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Figure-3. Cognitive structure with association at weak level. 

 

4. Discussion and Conclusion 
The solution chemistry should be well understood since it is prerequisite of concept of buffer solution. The 

stimulus words salt has the highest number association (62) with the response word base. At the high level of the 
frequency map only the stimulus words salt, base, buffer solution, acid and solution appeared to be associated with 
the response words base, acid, pH, sour, hot, homogeneous, mixture solvent and solute. This strong connection 
shows that cognitive structure of the participants about the concept of solution is well developed. According to 
constructive learning approach because of the associations with former experiences, the existing mental structure 
affects the individuals’ perception of new information and the cognitive structure that they will build (Anderson, 
1992). From this survey, it is expected that the same development do exist on the concept of buffer solution. For 
the stimulus word “buffer solution”, the expected response words at the highest level of frequency are weak and 
conjugated acid and base, maintain pH, analytical concentration. Only weak base response word is associated 22 
times with the stimulus word buffer solution at the moderate level of frequency. At the low level of frequency, the 
response words conjugated acid and base, are associated 19 and 15 times with the same stimulus word respectively. 
In the 61≤ f ≥70 frequency range only the stimulus Word “salt” is associated with the response word base. This 
may show a powerful relation or well developed structure about the acid-base chemistry which is also related but 
not directly about the buffer solution chemistry. In the 51≤ f ≥60 frequency range only two stimulus words salt 
and base have association. Both the stimulus words salt and base are associated with the response words acid and 
hot 53 times. Having repeated of these words at this frequency level also supports the idea of strong relation or 
well developed structure about acid-base chemistry. However the response word hot is not in the scientific 
definition of the science education curriculum. This relation most likely comes from the given example during 
learning process in science or chemistry courses at the middle and high school level. Science or chemistry teachers 
generally exemplify the acid as sour and base as hot in order to facilitate the acid-base concepts and make 
connection with the real life.  In the 41≤ f ≥50 frequency range, only three stimulus words are present. These 
words are buffer solution, acid and solution the stimulus word buffer solution is associated with acid 50 times and 
with base 47 times.  The stimulus word acid is associated with pH 46 times and with sour 44 times. The high 
association of the response word sour with acid also supports the idea of exemplifying the word acid as a sour at the 
former classes. The stimulus  word solution is associated with the response words homogeneous 44 times, mixture 
42 times, solvent 42 times and solute 41 times. This high frequency implies that foreknowledge of the solution 
chemistry is well structured in the students' minds. Up to this frequency level less interactive connections came 
into view. 

At the moderate level, five stimulus words (salt, base, acid, solution and buffer solution) appears in the 31≤f≥40 
frequency range.  At this level no response words are interconnected with any of these five stimulus words and 
thus, we can conclude there is no interconnection on the base of buffer solution at this level.  The result of having 
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difficulties in networking the individual’s knowledge can be deduced from this view.  As the response frequency 
decreases the number of emerged stimulus words increases. Within the 21≤ f ≥30, 11≤ f ≥20 and 5≤ f ≥10 
frequency range all the stimulus words appeared. Although we observed that the weakest frequency range exist 
within these level, cognitive networking is well-developed when compared to the higher frequency level.  At the 
undergraduate level, science students are expected to have structural characteristic of association about the topic of 
buffer solution. For well-developed cognitive structure, it is important to have a dynamic and multiple ways of 
connections. However; the multiple ways of connections of the stimulus word should be with the right response 
word. At this academic level, students are expected to have a well-developed cognitive structure to understand the 
topic of buffer solution soundly. From this survey, although, a dynamic, multiple ways of connections within the 
11≤ f ≥20 and 5≤ f ≥10 frequency range, exist, little meaningful association appears with the proper response 
words. Related with the topic of buffer solution, the cognitive structure of PSTs is weak and one directional at the 
higher level of frequency. At this level, the strength of the association is quite high (62).  As we go down the lower 
level frequency, the association networking becomes high and multi-directional. However; the strength of the 
association appears to be very low.  The author can suggest at this point, the chemistry and science teachers at the 
former level of the college can provide a sound concept definition and right examples with the right response 
words during the process of teaching of buffer solution as a topic. In addition to this, the chemistry textbook 
writers can use a well-designed materials and activities (experiments, pictures including macroscopic, microscopic 
and multi-particle modelling) in their textbooks (Adadan, 2014). Since meaningful chemistry education should 
structure the coordinated manner of macro, micro and symbolic level of chemistry knowledge (Talanquer, 2011). 
Thus, students are able to have a well-developed cognitive structure, multi-directional and a high strength of 
connections in their minds.  
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