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Abstract 

The aim of the study is to investigate the attitudes of prospective science teachers towards the use of problem-based 

learning methods in the learning of concepts related to the subject of solids, and their opinions on its role in academic 

success, science process skills and the chemistry course. 

The study group consists of 83 prospective teachers studying in the science education undergraduate program. The 

experimental group and control group were determined by random sampling method. The problem-based learning 

method was used in the experimental group and the traditional approach was used in the control group. The 

experiment was carried out in a period of 5 weeks. As data collection tools; "Solid Concept Achievement Test", 

"Science Process Skill Test" and "The Attitude Scale toward Chemistry" were used. 

In the research, analysis of covariance (ANCOVA), independent t-test and statistical methods with descriptions were 

used. The results showed that problem-based learning is more effective than the traditional approach to 

understanding the concepts related to solids by prospective teachers. The differences in academic achievement 

between the experimental and control groups in this study were parallel with the other results reported in the 

literature. Also, in terms of prospective teachers' development of science process skills and attitudes towards 

chemistry, it was seen that there was a significant difference between the groups in favor of problem-based learning.  

Keywords: problem-based learning, traditional approach, solids, prospective teachers  

 

1. Introduction 

Education is a process of progress that aims to improve a person's skills, increase the number of their interest areas 

and strengthen their character (Bonsting, 1992). In general, education is also a process that includes learning and 

teaching. In this process, learning is an extremely important element and is defined in different ways. When we 

become aware of information that we did not know or can do an activity that we could not do, it is learning. Learning, 

in general, is the change of thought, emotion, and behaviour in the individual that occurs as a result of the interaction 

with the environment. However, there are different opinions on how this change occurs (Özden, 2005).  

Today, the traditional method is not effective enough in teaching concepts. Because it is not enough for the student to 

define and memorize the concepts in order to comprehend the concepts and the relations between them. By providing 

suitable environments, students should be enabled to work as scientists and create scientific information by 

discovering and discussing them (Bodner, 1986). Learning and teaching methods and principles, which are 

constantly researched and developed, bring many different thoughts into the educational system. Active and effective 

learning approaches, which have come to the fore especially in recent years, are accepted by everyone. One of the 

most important of these approaches is problem-based learning. 

1.1 Problem-Based Learning 

Problem-based learning entered the literature as a teaching approach in the 1960s after the research conducted at the 

Medical School at McMaster University. However, real progress was made in the 1980s. No element in the process 

of change in education has made its mark on today's practices as much as "Problem-Based Learning" (Barrows and 
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Tambyln, 1980; Rhem, 1998; Dicle, 2001). 

Problem-based learning is an approach that takes all problems to the center, from the instructional objectives to 

student behavior, from the methods and techniques to be used to the measurement and evaluation processes to be 

performed. Therefore, in such an approach, firstly the goals and behaviors should be determined. After this 

determination, the methods and techniques to be used in the problem-solving phase will need to be selected. 

The use of problem situations plays an important role in the functioning of the problem-based learning process. 

These kinds of problems are different from typical end-of-subject problems and they are based on daily life events in 

order to draw the attention of the student (Weiss, 2003; Yeung et al., 2003).  

Problem-based learning is a student-centered approach. Therefore, the most important task belongs to the student. 

Roles of teacher and student change in problem-based learning.  

Problem-based learning provides students with a lot of skills, knowledge, and experience, especially when used in 

applied courses and issues that can be solved in multiple ways. By giving events and situations related to real-life 

examples, this approach provides students the ability to overcome problems they may encounter in the future (Ryan 

and Koschmann, 1994).  

1.2 Steps of Problem-Based Learning 

According to Stepien et al. (1993), the steps of problem-based learning are: 

1- Problem identification and introduction               3- Synthesis and application 

2- Research                                       4- Measurement and Evaluation 

1.3 Problem-Based Learning, Science Education and the Subject of Solids  

The objectives of science education include teaching the art of thinking, developing concepts in the mind through 

experience, examining the cause-effect relationship and teaching analysis methods (Tobin, 1986). One of the first 

subjects that should be learned especially in chemistry and physics courses is the issue of solids. The majority of the 

objects we see in our environment are solid. However, seeing the object is not enough for us to recognize it. In order 

to know the solids well, they should be understood on a microscopic scale, too. 

Among the studies on chemistry education, the most emphasized or prevalent topic is the subject of learning 

chemistry subjects and what can be done to improve learning and to achieve permanent learning. In the studies 

conducted, it is seen that the necessity of students to learn chemistry conceptually has gained importance (Markow 

and Lonning, 1998; Harrison and Treagust, 2001). For this reason, “teaching of the subject of solids through a 

problem-based learning approach” has been determined as the research subject. 

In a study conducted by Cancilla (2001) to determine whether there are any health hazards in analyzing the water of 

the river going through the city of Rowan through problem-based learning for the analytical chemistry course, it is 

stated that these activities provide students with useful experiences on environmental issues. Cancilla also reports 

that the students realized how important it was to take notes during laboratory classes, gained invaluable information 

regarding environmental chemistry during their research, and had the chance to apply the basic concepts in chemistry 

while solving the problem. In addition, the researcher states that he received feedback from many of his former 

students who got a start in the business life that said what they learned in those activities gained them significant 

advantages. 

Ying (2003), in the research he conducted, taught the subjects of electrochemistry of the physicochemistry course 

through problem-based learning and, he stated his reason to choose this approach was that he believed this method 

would benefit the students in their futures in terms of self-learning, note-taking, literature review, experiment design, 

cooperation, and hypothesis constructing. For this purpose, the researcher determined the air pollution in major cities 

in China as a problem situation and asked the students to investigate the causes of air pollution and the physical and 

chemical properties of the air. Ying divided the studies into groups of curricular theoretical studies, extracurricular 

research activities, and laboratory applications. In the course, research and laboratory results related to the problem 

are discussed and new researches or laboratory applications are proposed in the light of the results. Consequently, it 

is reported that problem-based learning contributed many skills to students, such as awareness of the fields of use of 

electrochemistry concepts, teamwork, research, the ability to use chemical analysis methods, and learning by doing. 

In an experimental study by Şenocak (2005), the effect of the problem-based learning approach on students' 

understanding of gas-related concepts and their attitudes towards chemistry was compared with the effect of the 

traditional method. The findings of the research show that there is a statistically significant difference between the 
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students in the experimental group using problem-based learning and the students in the control group in terms of 

their level of understanding of gas-related concepts and their attitudes towards chemistry. The research also reports 

that students have a positive attitude towards problem-based learning and students improved in terms of certain skills 

such as self-confidence, self-learning and problem-solving.  

1.4 The Aim of the Study  

The aim of the study is to investigate the attitudes of prospective science teachers towards the use of the 

problem-based learning method in the learning of concepts related to the subject of solids and their opinions on its 

role in academic success, science process skills, and the chemistry course. 

In order to achieve the aim of the study, answers to the following questions were sought:  

1- Is there a significant difference between the experimental group with which the problem-based learning approach 

was used and the control group with which the traditional approach was used in terms of understanding the concepts 

related to solids?  

2- Is there a significant difference between the experimental group with which the problem-based learning approach 

was used and the control group with which the traditional approach was used in terms of the development of science 

process skills? 

3- Is there a significant difference between the experimental group with which the problem-based learning approach 

was used and the control group with which the traditional approach was used in terms of the attitudes of prospective 

teachers towards chemistry? 

 

2. Method 

2.1 The Pattern of the Study 

In the study, in order to determine the effectiveness of two different teaching approaches (problem-based learning 

and traditional) in teaching the subject of solids, “non-equivalent control group design” was used (McMillan and 

Schumacher 2001; Kaptan, 1998; Karasar, 1998).  

In order to reveal the level of knowledge of prospective teachers on concepts related to solids, determine their 

attitudes towards chemistry and analyze their science process skills, solid concept achievement test, attitude towards 

chemistry course scale, and science process skill test were performed as pretests with all participant prospective 

teachers before the experiment, and after the experiment, the tests were performed again as posttests.  

2.2 Study Groups 

The sample of the study consists of 83 third-year undergraduate science teaching students from two different classes 

lectured by the same professor. An experimental group and a control group were determined by the random sampling 

method from the respective classes. 

2.3 Data Collection Tools  

2.3.1 Solid Concept Achievement Test  

The solid concept achievement test consists of a total of 21 multiple-choice questions. While some of the questions 

in the test are developed by researchers, some of them are developed by utilizing the literature. 

All questions in the test are related to the subject of solids. Each of these questions aims to measure a single concept 

related to the subject, but there are also different types of questions that examine the same concept.  

The solid concept achievement test was applied to a group of prospective teachers who had studied solids before, and 

the reliability coefficient of the test (Kuder-Richardson) was found to be 0.66. In order to achieve the validity of the 

solid concept achievement test, the opinions of the instructor of the course and the experts on the subject were taken. 

Experts stated that the validity of the test was sufficient to measure the concepts of solids.     

2.3.2 The Attitude Scale toward Chemistry 

This scale was developed by Geban et al. (1994) in order to determine prospective teachers' attitudes towards 

chemistry. The scale consists of fifteen items with five Likert-type options (totally agree, agree, undecided, disagree, 

totally disagree). The reliability coefficient of the scale (Cronbach Alpha) was found to be 0.83 by Geban et al. 

(1994).  

The scale was applied to all prospective teachers as pretest and posttest. 
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2.3.3 Science Process Skill Test  

This test, which was developed by Okey, Wise, and Burns, consists of exercises that require the use of certain 

important abilities to measure the science process skills. The test contains thirty-six items prepared to measure five 

different science process skills. These skills are defining variables, hypothesis construction and expression, 

operational definition, research design, and graphing and interpretation of data (Pınarbaşı, 2002). 

Translation and adaptation of this test into Turkish was made by Geban et al. (1992) and its reliability coefficient 

was found to be 0.81. The science process skill test was applied as pretest and posttest to prospective teachers in both 

experimental and control groups. 

2.4 Application 

This study was applied for fourteen class hours to a total of 83 prospective teachers who are third-year science 

teaching undergraduate students. The study investigated the effectiveness of two different teaching approaches in 

learning concepts related to solids. For this purpose, the experimental and control groups were formed, and the 

subject of solids was taught with problem-based learning in the experimental group and the traditional approach in 

the control group. 

In order to determine whether there is a significant difference between the groups, at the beginning of the 

experiment, solid concept achievement test, attitude towards chemistry course scale, and science process skill test 

were applied to the experimental and control groups simultaneously. The experiment commenced in both groups 

upon the completion of the pretests. The experiment was carried out by the researcher in both groups in accordance 

with the curriculum and it covered three class hours per week.  

Before the experiment, the prospective teachers in the experimental group were informed about the functioning of 

the problem-based learning approach and a sample application was made on a problem situation. In the control group 

consisting of a total of 41 prospective teachers, the subject of solids was studied for fourteen class hours, just as in 

the experimental group, and according to the traditional teaching approach in which the researcher was active and the 

prospective teachers were passive.   

2.5 Data Analysis  

The data obtained from the pretest were analyzed by using the independent t-test. 

After the experiment, the analysis of covariance (ANCOVA) was made to compare the traditional approach and 

problem-based learning in terms of their effects on academic success. In this analysis, pretest scores of science 

process skills and solid concept achievement tests of prospective teachers, which are considered as common 

variables, were taken into consideration.  

In addition, the effect of the method on prospective teachers' attitudes towards chemistry was analyzed by 

independent t-test.  

 

3. Findings 

In the study, statistical analyses were performed by using the SPSS/PC (Statistical Package for Social Sciences for 

Personal Computers) package program. 

Analysis of the data obtained from pretests showed no significant statistical difference among the mean scores of the 

solid concept achievement test (t (81)=0.747, p0.05), attitude scale towards chemistry (t (81)=-1.141; p0.05), and 

science process skill test (t (81)=0.187; p0.05) of experimental and control groups.  

The test results of the hypotheses of the research are as follows: 

In terms of the achievements of the experimental group, where the problem-based learning was used and the control 

group, where the traditional approach on concepts related to solids, in order to determine the statistical difference 

between the mean scores of the posttest, the preliminary information and science process skills (SPS) of the 

prospective teachers were measured and the analysis of covariance (ANCOVA) was made. The results of the 

analysis were presented in Table 1.  
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Table 1. ANCOVA Analysis Results  

Source sum of squares SD  mean square F  Sig.(P) 

SPS 0,161 1 0,161 0,032 0,858 

Pretest 29,519 1 29,519 5,921 0,017* 

Posttest 281,446 1 281,446 56,456 0,000* 

Error 383,864 77 4,985   

Total 14882,000 83    

*p<0,05 

 

As seen in Table 1, in terms of solid concept achievement test, there is a statistically significant difference between 

the pretest mean scores of prospective teachers in the experimental group and the prospective teachers in the control 

group (F (1.81) = 56.456; p0.05). Solid concept achievement test mean score of prospective teachers in the 

experimental group using the problem-based learning was higher than the mean score of prospective teachers in the 

control group using the traditional approach (XE= 15.02; Xc = 11.00). As can be seen in Table 1, the prospective 

teachers whose solid concept achievement pretest scores were high received high scores in the posttest, too. This 

result shows that pretest scores are a good predictor of prospective teachers' solid concept achievements. 

Is there a significant difference between the experimental group with which the problem-based learning approach 

was used and the control group with which the traditional approach was used in terms of understanding the concepts 

related to solid objects? 

 

Table 2. The Experimental and Control Groups' Correct Answer Rates in the Solid Concept Achievement Pretest 

and Posttest 

Questions 
Experimental Group Control Group 

Pretest (%) Posttest (%) Pretest (%) Posttest (%) 

1 57.0 64.0 49.0 63.0 

2 36.0 86.0 27.0 51.0 

3 62.0 93.0 54.0 76.0 

4 50.0 52.0 37.0 51.0 

5 40.0 76.0 51.0 63.0 

6 48.0 71.0 32.0 54.0 

7 36.0 57.0 24.0 34.0 

8 67.0 93.0 46.0 68.0 

9 48.0 88.0 49.0 71.0 

10 57.0 76.0 44.0 68.0 

11 43.0 88.0 37.0 56.0 

12 57.0 95.0 46.0 63.0 

13 43.0 71.0 29.0 46.0 

14 43.0 74.0 41.0 61.0 

15 36.0 67.0 37.0 46.0 

16 36.0 57.0 29.0 34.0 

17 33.0 66.0 20.0 34.0 

18 38.0 69.0 27.0 51.0 

19 33.0 74.0 34.0 39.0 

20 26.0 52.0 22.0 37.0 

21 45.0 79.0 32.0 51.0 
 

Graph 4.2 shows the final rates of correct answer both in the pretest and posttest acquired by the experimental group, 

which used the problem-based learning, and the control group, which used the traditional approach. These results 

suggest that there are differences between the two groups in terms of the correct answer rates in the solid concept 

achievement test, and the correct answer rates of the experimental group are higher. 

The success rate in questions 4, 7, 16 and 20 was lower than in other questions. As can be seen in Table 2, in the 

posttest, prospective teachers' correct answer rates in questions other than these questions are above 60%. When the 

correct answer rates of the control group prospective teachers are analyzed, the correct answer rates are above 50%, 
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except for questions 7, 13, 15, 16, 17, 19 and 20. It is seen that the correct answer rates of questions 3, 8, 9, and 10 of 

both groups is over 65%.  

In general, after the experiment, the mean correct answer rate of the solid concept achievement test was 74% in the 

experimental group using the problem-based learning, while it was 53% in the control group using the traditional 

approach. This result shows that the concepts about solids are better comprehended by the prospective teachers in the 

experimental group compared to the prospective teachers in the control group.  

Is there a significant difference between the experimental group with which the problem-based learning approach 

was used and the control group with which the traditional approach was used in terms of the development of science 

process skills? 

An independent t-test was conducted in order to test the second hypothesis, which would reveal whether 

problem-based learning and the traditional approach would have a significant effect on the science process skills of 

prospective teachers. These test results reveal that there is a statistically significant difference between the 

experiment and control groups (t (81) = 2.964; p0.05) and the mean score of the science process skill posttest of the 

experimental group (XE =27.48) was higher than that of the control group (XC =25.75). In other words, there was a 

significant difference between the approaches applied for the development of science process skills. According to 

this result, it can be said that problem-based learning is more effective than the traditional approach for the 

development of science process skills. 

Is there a significant difference between the experimental group with which the problem-based learning approach 

was used and the control group with which the traditional approach was used in terms of the attitudes of prospective 

teachers towards chemistry? 

An independent t-test was conducted in order to determine whether there is a statistically significant difference 

between problem-based learning and traditional approach in terms of prospective teachers' attitudes towards 

chemistry. According to these test results, there was a statistically significant difference between the two groups (t 

(81) = 4.506; p0.05). As seen in Table 3, the posttest mean score of attitude scale towards chemistry of the 

experimental group is higher than that of the control group. In other words, prospective teachers who work with 

problem-based learning have a better attitude towards chemistry than those who work with the traditional approach.  

 

Table 3. The Attitude Scale Towards Chemistry Pretest-posttest Mean Scores  

Group Number of Prospective 

Teachers 

Pretest Mean Scores Posttest Mean Scores 

Experimental 42 53,26 62,95 

Control 41 55,32 56,90 

 

It can be stated that in problem-based learning practices, prospective teachers have the opportunity and pleasure to 

learn by themselves by getting the opportunity to search and access the information they need, and this situation has 

caused a positive attitude change in the experimental group. 

 

4. Discussion, Conclusion and Suggestions  

In this section, some suggestions that may provide insight into any future study on this subject are made by 

commenting on and discussing the findings. 

For the study, the solid concept achievement test, which was developed in order to determine the knowledge levels 

of prospective teachers regarding the concept of solids, was applied as a pretest to prospective teachers in both the 

experimental and control groups before the experiment. The analysis results obtained from the test showed that there 

was no statistically significant difference between the success mean scores of both groups. In order to determine 

whether the experimental and control group prospective teachers are homogeneous in terms of science process skills, 

at the beginning of the experiment, the science process skill test was applied to all prospective teachers in both 

groups. The t-test results (t (81) = 0.187; p0.05) showed that there was no statistically significant difference 

between the groups in terms of science process skills. Again, in order to test whether there is any difference between 

the experimental and control groups in terms of attitude towards chemistry, attitude towards chemistry course scale 

was applied to both groups at the beginning of the experiment and the t-test results of the obtained data (t (81) = 

1.141; p0.05) revealed that there was no statistically significant difference between the groups in terms of their 

attitudes towards chemistry. Thus, it can be said that before the experiment, both groups were at an equal level in 
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terms of solid concept achievement, science process skills and attitudes towards chemistry. 

After the experiment, in order to compare the experimental and control groups in terms of solid concept 

achievement, the solid concept achievement test was applied to both groups as a posttest. The analysis of covariance 

(ANCOVA) of the obtained data (F (1.81) = 56.456; p<0.05) show that in terms of the successful learning of 

concepts related to solids, there is a significant statistical difference between the prospective teachers in the 

experimental group, in which problem-based learning was used, and the prospective teachers in the control group, in 

which the traditional approach was used. It was found that the solid concept achievement test mean score of the 

experimental group was higher than the mean score than that of the control group (XE = 15.02; XC = 11.00), and 

mean correct answer rates were calculated as 74% in the experimental group and 53% in the control group. 

These results reveal that the problem-based learning approach is more successful than the traditional approach in the 

learning of concepts related to solids by prospective teachers. This result obtained from the study is in line with the 

results of other studies examining the effectiveness of problem-based learning (Walker, 2001; Selco et al., 2003; 

Ying, 2003). 

It can be said that directing prospective teachers in the experimental group towards research, and their efforts to find 

make solution offers for the problem situations facilitated their learning of concepts related to solids. The difference 

in the levels of success between the groups can be explained with the fact that in the experimental group, prospective 

teachers actively participated in the process of learning, made researches, provided solution suggestions and 

presented their findings during problem-based learning activities while in the control group the prospective teachers 

were merely passive listeners of what the instructor presented. On the other hand, it can be thought that the 

association of the topics with daily life during the discussion of solution suggestions, and the presentation of the 

structures of the solids with 3D animations also facilitated the learning process. In addition, it can be said that 

prospective teachers working in cooperative groups in problem-based learning activities had a positive effect on 

learning. It is reported in many studies that working in collaborative groups increases academic success (Polanco et 

al., 2004; Akpınar and Ergin, 2005).  

It is very difficult for students to understand concepts related to solids. The difficulty of understanding is due to the 

fact that the concepts in this subject are quite abstract. It is emphasized in several pieces of research that objectifying 

highly abstract concepts will make it easier for students to understand these concepts (Harrison and Treagust, 2001; 

Bodner, 2001; Gülçiçek and Güneş, 2004). Therefore, it can be thought that the association of concepts with 

everyday life makes it possible to analyze the differences between the scientific knowledge used in problem 

situations and the knowledge possessed by students, which is one of the primary reasons why the students in the 

experimental group are more successful than the students in the control group. There are studies conducted in the 

area of conceptual change in the literature stating that this situation positively affects conceptual learning (Canpolat, 

2002; Pınarbaşı, 2002).  

The literature reports that problem-based learning increases the students' levels of academic success and creativity by 

allowing students to be more active in the learning environment, improves problem-solving skills of the students and 

enables continuous and meaningful learning (Milner–Bolotin and Svinicki, 2000; Cancilla, 2001; Chang, 2001; 

Açıkyıldız, 2004). 

As stated above, in this study, the success rate of the experimental group was 74% and the success rate of the control 

group was 53% at the end of the experiment. In other words, there is a difference of 21% between the success rates 

of the experimental group and the control group. In addition, the pretest and posttest success rates of the 

experimental group were calculated as 44% and 74%, respectively. Compared to the values in the literature, it can be 

said that the success rates obtained in this study are quite high. Many studies suggest that there is not much 

difference between the experimental and control groups in terms of academic success (Sundblad et al., 2002; Miller, 

2003; Svinicki, 2007). In this study, the big difference between the groups may be associated with the development 

of the ability of prospective teachers in the experimental group to visualize the three-dimensional structures of solids 

in their minds in parallel with the positive development in their science process skills, as well as their heightened 

interest in the topic. Accordingly, it can be said that problem-based learning is an effective and feasible alternative 

approach in teaching solids. 

In order to determine the effect of the method on the science process skills of prospective teachers, science process 

skill test was performed by all prospective teachers in the experimental and control groups. The analysis results of 

this test showed that the mean posttest success rate of the experimental group was higher than that of the control 

group and the difference between the mean scores was statistically significant (t (81) = 2.964; p0.05). It can be 

interpreted that problem-based learning, which is a student-centered approach that also regards the science process 
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skills, contributes more to students in their development of science process skills than the traditional approach. There 

are works in the literature stating that problem-based learning improves science process skills, but in some cases, this 

learning method should be used for a long time in order for this to happen (Padilla and Okey, 1984; Geban, 1990).     

In this study, the two approaches whose effects on the learning of concepts related to solids were examined have 

been also analyzed to determine whether they have any effects on the attitudes of prospective teachers towards 

chemistry by using the attitude towards chemistry course scale. The analysis of the data showed that there was a 

statistically significant difference between the experimental and control groups in terms of their attitudes towards 

chemistry (t (81) = 4.506; p<0.05). The mean score of the chemistry course attitude scale posttest was higher in the 

experimental group than the control group. This result shows that problem-based learning is more effective than the 

traditional approach in terms of developing a positive attitude towards chemistry course. The literature states that 

active learning approaches such as problem-based learning affect students' attitudes towards science lessons 

positively, increase their interest and curiosity towards science and as a result, their success increases (Freedman, 

1997; Tepe, 1999). 

In light of these results, the following suggestions can be made; 

If the properties of the solids are explained by showing the solid objects that are frequently used in daily life, it can 

be possible for prospective teachers to understand the information about the solids better and this information to be 

permanent. 

Using models when talking about the crystal structures of solids and showing how crystal structures form using 

animations can facilitate understanding of three-dimensional structures of solids. 

In the implementation of problem-based learning, carefully determining the problem situations to be used, adjusting 

the size of the group, and forming homogeneous groups significantly affect the success of this method.  

Time is very important in the use of the problem-based learning approach. In the application of this method, the 

teaching period should be carefully adjusted. 

Conducting such studies on other science topics will facilitate the implementation of this method in the future, reveal 

its shortcomings and will enable prospective teachers to learn the subjects in a more meaningful way by associating 

them with daily life. 
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