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Abstract
This study aims to develop a problem-based teaching (PBT) material for the Science and Technology course in a web environment, with the purpose of providing a more meaningful and permanent learning experience for the students. Participants of the study were a total of 56 eighth grade students attending a public primary education school in Istanbul. The author has developed a web-based teaching material for the students to be able participate in PBT activities. This material contained five problem situations concerning the subject of acids and bases, scripted and animated using Adobe Flash CS4. The web-based software developed by the author using hypermedia tools aimed to teach the students the subject of acids and bases via interactive animations and simulations. Students had the opportunity to cooperate, interact, and share information with other group members.
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Introduction
In educational studies conducted in recent years, constructivism has emerged as an important approach to be used in the study and designing of educational programs. Contemporary approaches to education emphasize the importance of methods that enable the active participation of students in class activities. One of the most popular of these methods is the constructivist-based teaching method. Problem Based Learning is a specific example of a constructivist based approach to teaching. Problem based learning gives the students an opportunity to practice what they learn, and to make more use of their higher level thinking skills, compared to traditional learning environments, by organizing and presenting the information and material required for the solution of problems. Problem based teaching is a teaching strategy that helps the students to understand the underlying principles and issues by working on issues arising out of specific problems (Spencer and Jordan, 1999), and encourages them to think, to question and to discover (Wilkie and Burns, 2003). 

As science education has many practical applications, is very much involved in daily life, requires cooperation and makes good use of interpretation, PBT is a very attractive model for science education. More and more programs adopt the PBT approach for science education (Greenwald, 2000; Yuzhi, 2003; Treagust, 1998).

Problem based learning environments are considered to offer opportunities both for the socialization and cognitive development of students (Moallem, 2003). Johnson and Johnson (1990) found that students who study in a cooperative environment attain higher levels of academic achievement compared to those who study individually.

Veermann and Veldhuis-Diermanse (2001) emphasize that cooperative learning creates a feasible environment for students to solve problems and to restructure their knowledge. Gokhale argues that the support group members provide for one another during cooperative learning makes the learning process more efficient because the different levels of knowledge and experience group members have contribute to the process (Özdemir, 2005). In student-centered designs such as cooperative learning, students are not only free to express their own opinions; they are also required to listen to other group members for the solution of a problem or realization of a project (Neo, 2003). During discussions held with other group members for the solution of a problem or in preparation for a project, students can test their ideas by comparing them with the ideas of others, and can have the opportunity, by listening to other members’ ideas, to grasp some knowledge or implication that they had not thought of before (Craig, 2003; cited by Özdemir, 2005).

The widespread use of educational technologies in recent years has resulted in a surge of interest in studies on the use of PBL in web environments. Various studies have found that online learning environments are more effective in facilitating learning and problem solving among students (Oliver and Omari, 1999), and that an exchange of ideas over various communication and cooperation tools such as e-mail, chat rooms, and discussion groups facilitates learning (Taradi and Taradi, 2004). The web is used as a tool that provides students with easier access to different sources of information. In using the web, students are able to search for sources effectively, solve problems freely, and structure their own knowledge.

Jonassen and Kwon (2001) argue that in computer-assisted communication environments, students participate more and engage in more communication with one another compared to face-to-face communication environments. When working cooperatively in online learning environments on the solution of a problem, students acquire higher level thinking skills, such as problem solving, communication, scientific curiosity and critical thinking (Reeves, 2004). Sage (2000) emphasizes that web-based technologies are very powerful tools for the organization, distribution and presentation of information.


Problem-Based Teaching in a Web Environment
Activities prescribed by learning models based on the constructivist approach require students to structure their own knowledge and are different from those used in the traditional approach, which means traditional teaching methods are not suitable for use in constructivist learning environments (Jonassen and Murphy, 1999). Thus, effective environments that take student needs and requirements into account and that would allow the students to learn by themselves need to be designed. 

Problem-based learning aims to create an environment in which students manage their own learning, acquire professional thinking and decision making skills, and discover and unearth required information by themselves. In this approach, the teaching program is designed to provide an environment where students read about and try to identify the problem, and discover and discuss strategies to solve the problem. Platforms for cooperation and discussion, indispensable elements of PBT, can be difficult to establish due to time and space limitations. Students need to be in the same place at the same time to be able to have a group discussion. Experts, who act as resources upon student demand, should also be there. Web environments provide a convenient platform for meeting these challenges (Tekedere, 2009).

Paralleling the development of web-based technologies and their increasingly more frequent use in teaching applications, studies on PBT started to use online learning environments as well. Problem-based teaching focuses on creating an experience-based learning environment that involves the identification and solution of real-life problems. Web-based technologies can assist in the creation and implementation of such environments (ChanLin and Chan, 2004; cited by Özdemir, 2005), and instructional designers can create effective, lively and functional environments by combining PBT and web-based learning (Oliver and Omari, 1999). As a hyper-environment, the web plays an important role in supporting computer-assisted constructivist learning. As Keser et al. (2001) argue, web-based teaching materials offer important advantages for accessing rich information sources, creating a meaningful and interactive environment, and facilitating an exchange of ideas with other people.

The concepts of web-based teaching and PBT share some common characteristics. In constructivist learning environments, where teachers guide the learning process instead of acting as sources of information, web-based teaching provides certain advantages, such as encouraging students to take responsibility (Vrasidas and McIsaac, 2000) and offering interactive environments in which knowledge and meanings can be structured (Keser et al., 2001). These characteristics make web-based teaching especially suitable for use in PBT, which is a student-centered method and which aims to have the students structure their own knowledge.

Recent studies on problem-based teaching focus on specific aspects of the subject. Development of web applications for problem-based teaching, in particular, seems to be gaining more attention as web-based teaching becomes more widespread paralleling the advances in information technologies.

Most studies on primary education are on the conceptual understanding of the students. Many of them try to identify common misconceptions concerning the subject under study, and develop various methods and techniques for removing these misconceptions (Psillos and Kariotoglou, 1999; She, 2002; Besson, 2004).

The subject of acids and bases has an important place in primary and secondary chemistry education. Concepts concerning acids and bases are inter-related. Theories concerning these concepts, frequently perceived by students as too complex to learn, need to be taught using appropriate methods and misconceptions need to be prevented. When students have difficulty understanding one of these concepts, they also experience difficulties in related subjects (Kauffman, 1988) and have misconceptions (Cros et al., 1986), which are known to affect their learning in later grades (Toplis, 1998).

Due to the opportunities provided by web environments for the creation, storage, distribution and sharing of the information required for PBT applications, this study uses PBT and a web-based education environment in combination. 

This study aims to develop a learning environment supported by problem-based teaching in a web environment with the purpose of providing a more meaningful and permanent learning experience for the students. 


Materials and Methods
Teaching Material
As part of this study, a web-based teaching material was developed by the author for the students to be able to participate in PBT activities. This material contained five problem situations concerning the subject of acids and bases, scripted and animated using Adobe Flash CS4. During the five-week implementation period, a different problem situation was activated each week. 

The web-based software developed by the author using hypermedia tools aimed to teach the students the subject of acids and bases via interactive animations and simulations. Students had the opportunity to cooperate, interact, and share information with other group members.

The teaching material was developed on the basis of the Harper-Marinick (2001) model. The Harper-Marinick (2001) model is based on the following learning sequences (Bayrak, Bayram; 2011):

1.
Presentation of Introductory Information: The new learning environment is introduced, students’ tasks are stated, and information is given on what they need to achieve the learning goals.

2.
Presentation of an Ill-Structured Problem: A problem appropriate for use in PBL is presented. Presentation of the problem needs to be made in such a way as to generate curiosity and raise interest among the students, and to motivate them.

3.
Online Collaboration: Using the chat tool, groups analyze the problem among themselves. They identify their existing information, what additional information they need, and what needs to be known to be able to solve the problem. During this process of collaboration, the teacher acts as a guide, facilitator, and enabler. The teacher observes and manages the whole process.

4.
Accessing Resources over the Web: Each student is assigned a personal research task. The software includes links to necessary resources. Students search these resources and obtain the information they need. This practice is crucial for the students to acquire the skill of “learning to learn”, which is an important part of problem-based learning.

5.
Follow-up Online Collaboration: Following independent and individual research, groups continue discussing in the web environment. At this stage, each group member presents what he or she learnt and how it might help solve the problem. The hypothesis is re-examined in the light of this new information.

6.
Solution of the Problem: Processes 4 and 5 are repeated until the group is satisfied that answers to the problem have been found. Group members decide how they will present the solution that they came up with using the tools provided.

Teaching material was prepared using the “Problem-Based Learning Environment Design Compliance Form”, developed by Özdemir (2005) on the basis of the problem-based learning designs by Savery and Duffy (1996) and Jonassen (2000), and expert opinion was acquired on the suitability of the teaching material in question for PBT. The material was revised based on the feedback received from the experts (Bayrak, Bayram; 2011).

To deal with potential issues that might arise concerning the feasibility of the material and the student-material and student-student interactions, a pilot implementation of the software was made for five weeks in the spring semester of the 2008-2009 academic year with eighth grade students.  Necessary revisions were made following the pilot implementation, and three eighth grade students used the teaching material in the 2009-2010 academic year prior to conducting the present study. The author made observations on their use of the program, subjected the software to another revision, and gave its final form.

Problem situations created were presented to the students using a cycle [Fig. 1] that contained the six learning sequences set forth in the Harper-Marinick (2001) model (Bayrak, Bayram; 2011). 
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Figure 1.  Learning Cycle
During the five-week implementation phase in the spring semester of the 2009-2010 academic year, a different problem situation was presented to the students each week, from simple to more complex.

The online environment used for the application was developed using C# language on Microsoft .NET (DotNet) technology. Every activity made by the students during the time they used the application (navigating between menus, writing their own ideas, sending messages to group members, information sharing, etc.) was saved on the database via SQL (Structured Query Language) commands. Thus, the author was able to monitor, using the administration panel prepared for the administrator of the online environment, which student studied which subject for how long, what they produced in the process of problem solving and how they did it [Fig. 2].
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Figure 2. Admin Panel
With the help of the tabs on the menu of the administration panel, students were registered with the system, heterogeneous groups were created on the basis of the suggestions of the teacher of the course, and students were assigned to different groups.

The “Activate week” tab was used to activate a different problem situation each week, from among the five problem situations developed for the study.

Students’ own ideas concerning the problem situation and the group discussions they had were recorded under the “Student ideas” and “Joint discussions” tabs.

Evaluations made by the students concerning themselves and their group members in the evaluation phase were controlled using the “Student evaluations” tab.

The “Solutions” tab displayed the solutions provided by individual students.
The “Change password” tab was used to change the user name and password required for logging into the administration panel.


Implementation

During the five-week implementation period in the 2009-2010 academic year, each student worked on the subject for at least 10 hours, two hours each week.

Prior to their use of the program, the author introduced the learning tool and showed the students how to use the menus. There were a total of five problems to work on and to provide solutions for during their study. They were to solve the problems [Fig. 3] using a cycle [Fig. 1] that contained the six steps of learning in the Harper-Marinick (2001) model.

[image: image3.png]TS Birigi

gy
“





Figure 3. Fourth Problem Situation

 A different problem situation was activated and presented each week following the cycle, and the implementation phase took a total of five weeks.

Students accessed the application using MS Internet Explorer, and were met with the learning cycle, which is the first screen on Figure 1. The steps of this cycle were as follows:

1. Step: There is a Problem
2. Step: My Own Ideas
3. Step: Time for Cooperation
4. Step: Sources
5. Step: Let’s Solve the Problem
6. Step: Evaluate the Study
The “There is a Problem” step introduced the problem situation to the students.

Then, students selected the “My Own Ideas” step to write down their own ideas on the problem, and typed their ideas in the textbox that appeared on the screen.

After writing their ideas, students selected the “Time for Cooperation” step to share information with their group members. The heterogeneous groups created on the basis of the suggestions of the course teacher consisted of five students each. In the “Time for Cooperation” step, students typed their ideas in the window that appeared on the screen, and exchanged ideas and information with one another.

After they exchanged ideas and information with the group, students moved on to the “Sources” step, which is the fourth step in the cycle. This step consisted of two sub-categories. The first sub-category was named “Games”, the second was named “General Sources”, and the third was named “Additional Study”. The “General Sources” and “Additional Study” sub-categories were the same for all five problem situations. The “General Sources” sub-category contained studies titled “Soil Detective” and “pH Scale”, and four study sheets. The “Additional Study” sub-category contained various internet games on the subject of acids and bases. The “Games” sub-category contained animations and simulations on the problem situation currently activated.
After they had accessed the sources on the problem situation and studied them, students selected the “Let’s Solve the Problem” step. At this step, students tried to solve the problem situation individually. With the help of the cooperation and sharing of information they made with other group members and the sources they studied, they solved the problem.

At the final step of “Evaluate the Study”, students evaluated the study by assigning scores to themselves and to other group members.


Results and Discussion
A number of studies have found that problem-based learning in a web environment improves student achievement. Bayrak (2011) observed that using the method of problem-based learning in a web environment improved eighth grade students’ academic achievement, conceptual understanding and cognitive process skills. Taradi, Taradi, Radic and Pokrajac (2004) found that when problem-based learning in a web environment and cooperative learning methods were used together, they had a positive effect on the academic achievement of the students, as measured by their posttest scores. Oliver and Omari (1999) observed an increase in student performance. Alper (2003) found that following the implementation of problem-based learning in a web environment, significant differences were observed between the pretest-posttest and pretest-retention test scores of the students. Ortiz (2006) found that learning processes that are based on the principle of online cooperative learning were helpful in attaining learning goals. Ünlü (2007) examined the effects of a web-based education environment developed on the basis of problem solving method on student achievement. A web-based mathematics course was developed for use in an experimental setting. At the end of the study, it was found that web-based education made a positive impact on student achievement. Sulaiman, Atan, Idrus and Dzakiria (2004) used the problem-based learning approach to design a web-based learning environment on the basis of the Harper-Marinick model, and found that cooperation in a web-based learning environment had many positive effects. Dennen (2000) found that cooperative study in a web environment for problem-based learning improved student success. Murphy et al. (2001) designed problem-based activities to be conducted via online discussions in a web environment, and found a significant increase in the achievement of the experimental group students. Chanlin and Chan (2007) compared problem-based teaching in a web environment with web-based teaching, and found that problem-based teaching in a web environment improved student performance to a greater degree. Gürpınar et al. (2009) found that problem-based teaching in a web environment improved academic achievement. Own et al. (2010) found that students who learnt about organic chemistry via problem-based teaching in a web environment improved their academic achievement. Chen (2010) found that instruction given over the web using semi-structured problem situations had a positive effect both on achievement and on problem solving skills. Karal et al. (2010) created problem situations presented via simulations over the web, and found that student performance increased after the teaching. In a study on the computer using skills of the students, Hong-Rae (2003) used the problem-based approach to learning, and found that students had an easier time solving the problems when they studied in cooperation. Students made use of the internet sources in particular, and reached the solution more easily.

Use of information and communication technologies is considered to be an alternative method and an efficient tool in science instruction. Use of information and communication technologies in science education can help overcome some of the problems that traditional teaching methods fail to address (difficulties in understanding and conception and misconceptions) (Williamson and Abraham, 1995; Burke, Greenbowe & Windschitl, 1998; Ebenezer, 2001; Marcano, Williamson, Ashkenazi, Tasker & Williamson, 2004; Sırabaşı, 2006; Kelly and Jones, 2007).
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