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This paper describes the first study conducted in Thailand that resulted in changes in science teachers’ classroom environments. In the first phase of the study, the Constructivist Learning Environment Survey (CLES), an instrument for assessing students’ perceptions of the actual and preferred classroom environment through a constructivist perspective, was validated for use in Thailand. Second, the effectiveness of cooperative learning integrated with constructivist teaching in promoting improvement in classroom environments was evaluated through an action research process, involving the use of feedback on actual and preferred classroom environments. The sample consisted of seven secondary science teachers and their 17 classes of 606 students in Nakornsawan Province, Thailand. Student Actual and Preferred Forms of the CLES, assessing Personal Relevance, Uncertainty, Critical Voice, Shared Control and Student Negotiation, were administered. Factor analysis and internal consistency measures supported a five-factor structure for both Actual and Preferred Forms. Students’ attitudes to science were also measured. A number of teachers then participated in an attempt to improve their classroom environments, through the use of cooperative learning integrated with a constructivist teaching approach. Changes in classrooms did occur, thus supporting the effectiveness of cooperative learning integrated with constructivist teaching in improving learning environments and students’ attitudes towards science in Thailand. 
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1. BACKGROUND 

Today, the achievement of a positive classroom environment is a valuable goal for education (Fraser, 2002). The curriculum of schools and universities consists “not just of content and outcomes, but also of classrooms where the business of learning takes place” (Fraser, 2002, p. vii). At the global level, UNESCO has proposed its 2000 Project (Education Sector, UNESCO, 2003) to encourage countries around the world to provide science education for all people in order to let them have sufficient science knowledge to be able to live with happiness and safety in this age of globalization.

Similar to the UNESCO’s goal, is a statement in section 81 of the Thai National Constitution B.E. 2540, on the role of science, which states that; “The government must pay great attention to developing science and technology in order to develop the country” (p. 23). To reach such a goal requires strong development in science education.

In addition, the latest Thai National Education Act of B.E. 2542 (1999, p. 12) section 22 states that: 

Education shall be based on the principle that all learners are capable of learning and self-development, and are regarded as being most important. The teaching-learning process shall aim at enabling the learners to develop themselves at their own pace and to the best of their potential.

Furthermore, some parts of section 23 go on to note that Thai science education needs to focus on scientific and technological knowledge and skills, as well as knowledge, understanding and experience in management, conservation, and utilization of national resources and the environment, in a balanced and sustainable manner.       

Although teaching and learning in Thailand, particularly in science classrooms, tries to follow the above important principles, there are still problems. The low quality of provided education is one of the current critical problems in Thailand. Actual practices in classrooms have been dominated by teacher-centered and lecture-type instruction. One significant research study of the Thai Ministry of Education has shown that Thai students at grade 12 can pass only one of eight subjects in the examination with a score of more than 50% (Ministry of Education, 2000). So, it can be said that the quality of education in the upper secondary school level is not good and should be improved, particularly in science and mathematics. 

In order to overcome this critical problem, recent national education reform movements in Thailand have been grounded in a constructivist approach to learning. That is, students should find personal relevance in their studies, share control over their learning, feel free to express concerns about their learning, view science as ever changing, and interact with each other to improve comprehension (Taylor, Dawson, &  Fraser, 1995; Taylor, Fraser, & Fisher, 1997).

Constructivism has become a leading theoretical position in education and has become a powerful driving force in science education (Steffe & Gale, 1995; Tobin, 1993). The appeal of constructivism is that it provides a plausible, functional framework for understanding and interpreting experiences of learning and teaching. In this way, constructivism acts as a powerful theoretical referent “to build a classroom that maximizes student learning” (Tobin & Tippins, 1993, p. 7). Furthermore, constructivism also has had a strong impact, internationally, on the educational field for over 20 years. In particular, science educators have been concerned with teaching strategies based on the notions of constructivism in an attempt to enhance students' conceptual understanding in science subjects.   In many cases, these notions have been utilised as basic frameworks to reform traditional educational practices.  

Cooperative learning is a useful, necessary and well-researched educational concept. It has proven not only to create an atmosphere of academic achievement and positive psychological health, but also to have influences on classroom environments (Johnson, 1990). It is a successful teaching strategy in which small teams, each with students of different levels of ability, use a variety of learning activities to improve their understanding of a subject. Each member of a team is responsible not only for learning what is taught but also for helping team-mates learn. This learning strategy is also relatively easy to implement and is inexpensive. By working with others, students can see different points of view and solutions to a problem. In addition, cooperative learning will help teachers manage hands-on science in the classroom. Hands-on science requires that students interact with materials, but when students work in cooperative groups, the students, not the teachers, manage the materials. Also, within the framework of cooperative learning, students take more responsibility for helping one another with assignments and problems. This alleviates some of the stress to maintain order and to keep students on task. 

Fraser (1989) noted that students spend a great amount of time (more than 15,000 hours) in the classroom environment. Therefore, he argued that the quality of the environment of these classrooms has a significant impact on students’ learning. Classroom environments involve the shared perceptions of the students and teachers in a particular environment (Fraser, 1986). Although the concept of classroom environment is subtle, much progress has been made in conceptualising it, measuring and analysing it, and mapping its effects on students (Fraser, 1986, 1994, 1998a, 1998b). Studies have indicated that students’ perceptions of their classroom learning environments affect students’ cognitive and affective outcomes (Fraser, 1986, 1989, 1994; Fraser & Fisher, 1982; Walberg, 1976). Also, students have been found to achieve better in the types of classroom environments which they prefer (Fraser & Fisher, 1983a, 1983b). 

Several different classroom environment questionnaires have been devised for assessing classroom environments (Fraser, 1998a). Examples of these include the Constructivist Learning Environment Survey (CLES) (Taylor, Dawson, & Fraser, 1995a; Taylor, Fraser, & Fisher, 1997) and the What Is Happening In This Class (WIHIC) (Chionh & Fraser, 1998; Fraser, Fisher, & McRobbie, 1996). Many of these questionnaires are available in an Actual Form that measures perceptions of the actual classroom and a Preferred Form that measures perceptions of the ideal or desired classroom environment. Using both Actual and Preferred Forms of educational environment instruments permits exploration of whether students achieve better when there is a higher similarity between the actual classroom environment and that preferred by students (Fraser, 1998b). By using this person-environment interaction framework, it is possible to investigate whether student outcomes depend, not only on the nature of the actual classroom environment, but also on the match between students’ preferences and the actual environment (Fisher & Fraser, 1983a, 1983b). The practical implication of the findings is that student achievement of certain outcomes might be enhanced by attempting to change the actual classroom environment in ways, which make it more congruent with that preferred by the students. This study used the student Actual and Preferred forms of the CLES to assess the science classroom environment.

The Constructivist Learning Environment Survey (CLES) (Taylor, Fraser, & Fisher, 1997) was developed based on constructivist learning principles to investigate students’ perceptions of their learning environments from constructivist views and to assist teachers to reshape their teaching practice. Initially, Taylor (1991) constructed this instrument based on social and personal notions of constructivism whose main concerns are to enhance students’ conceptual understanding. Through an extensive and rigorous process, this version was found to be valid and reliable for use within classroom situations. However, the developers concluded that this version did not include some important points. Therefore, they elaborated and revised the CLES by adding notions of radical constructivism and critical theory (Taylor, Fraser, & Fisher 1997). This new version was thought to be useable with a wide range of samples, including different subjects and year levels and has five six-item scales, namely, Personal Relevance, Uncertainty, Critical Voice, Shared Control and Student Negotiation. This 25-item version was used in the present study. Table 1 provides a description of each of these scales together with a sample item. 

Table 1 

 Scales and Sample Items for the CLES 

	Scale Name

	Description

	Sample Item

	Personal Relevance

Uncertainty

Critical Voice

Shared Control


Student Negotiation



	Relevance of learning to students’ lives

Provisional status of scientific knowledge

Legitimacy of expressing a critical opinion


Participation in planning, 

conducting and assessing of learning

Involvement with other students in assessing viability of new ideas.


	In this class, I get a better understanding of the world outside of school.

In this class, I learn about the world outside of school.

In this class, it's OK for me to ask the teacher "Why do I have to learn this?"

In this class, I help the teacher to plan what I'm going to learn.

In this class, I explain my ideas to other students.


Two forms of the CLES, the Student Actual and Student Preferred (Taylor, Dawson, & Fraser, 1995b), were adopted to gather students’ perceptions of science classrooms.  Although item wording is almost identical in the Actual and Preferred Forms, words such as ‘I wish’ are included in the Preferred Form to remind students that they are rating their preferred or ideal classroom, rather than the actual classroom environment.  For example, the statement, "In this class, I learn about the world outside of school" in the Actual Form of the CLES is changed in the Preferred Form to, " In this class, I wish that I learned about the world outside of school".    
This study is timely and valuable due to the importance of cooperative learning integrated with constructivist teaching in influencing classroom environments. It also adds needed research data on cooperative learning integrated with constructivist teaching and its influence on students’ perceptions of their classroom learning environments in Thai upper secondary school science classrooms. Because of the critical needs in Thai education to develop science teaching and learning in all schools, especially at the upper secondary level, this research is also useful for showing ways in which teachers can use cooperative learning integrated with constructivist teaching to improve classroom environments in the hope of facilitating improved students’ academic achievement.

Aim and Objectives of the Study 

The overall aim of this research study was to determine whether teachers can use cooperative learning integrated with constructivist teaching through an action research process in order to improve their classroom environments. This study attempted to answer the following three research questions:

1. Is the Constructivist Learning Environment Survey (CLES) a valid and reliable questionnaire for use in Thailand?
2. Are teachers able to make use of cooperative learning integrated with learners’ responses to the CLES to improve their own classroom learning environments?

3. 
Does cooperative learning integrated with constructivist teaching improve students’ attitudes towards science learning activities and self-efficacy? 

2. METHODOLOGY

Research Design 

This study was divided into two phases, namely, the validation of the CLES in Thailand and the effectiveness of cooperative learning integrated with constructivist teaching on improving classroom environments. The methodology used to answer the research questions was a multi-method approach utilizing both quantitative and qualitative methods. Four measures were employed to obtain an understanding of students’ perceptions of their constructivist science classroom learning environment: survey, interviews, observations and case-study approach. The questionnaires provided quantitative data to answer the research questions. Classroom observations and student interviews were then used in order to explain and clarify the quantitative data.

Two questionnaires were chosen for use in this research study. The first one was the Constructivist Learning Environment Survey (CLES) (Taylor, Fraser, & Fisher, 1997) used for investigate students’ perceptions of their learning environments through constructivist views. The second one was an Attitude Questionnaire consisting of two scales. One scale was Attitude to Science Learning Activities (Kim, Fisher, & Fraser, 1999) and the second scale was Self-Efficacy (Jinks & Morgan, 1999). All instruments were translated from the English version into a Thai version for use in science classes in Thailand, following a back-translation procedure.

Phase One 
The purpose of this phase was to validate the Thai version of the CLES in both Student Actual and Preferred Forms in order to answer the first research question. The total sample comprised 606 upper secondary school science students in 17 different classes from Nakornsawan Province in Thailand. 

Phase Two 

This phase involved answering the second and third research questions whether teachers could make use of cooperative learning integrated with learners’ responses to the CLES to improve their own classroom learning environments and whether cooperative learning integrated with constructivist teaching can improve students’ attitudes towards science learning activities and self-efficacy. In this phase, four methodologies (survey, interviews, observations and case studies) were employed. At the same time as they responded to the two versions of the CLES, students responded to the Attitude Questionnaire to assess students’ learning outcomes on the attitude dimension.

Three case-study teachers, all of whom were female, were invited to improve their classroom environments. Each of these teachers chose one of her classes that she believed needed a better classroom environment. Based on the results obtained from the Actual and Preferred Forms of the CLES, each teacher developed an action plan in an attempt to alter her own classroom environment. The teachers agreed to follow the methodology for promoting change used in prior learning environment studies (Fraser & Fisher, 1986; Sinclair & Fraser, 2001; Yarrow, Millwater, & Fraser, 1997) which involved: 

1. assessing the students’ actual and preferred classroom environments;

2. providing the results to the teacher and assisting the teacher in making action plans to improve teacher’s own classroom environment;

3. collecting qualitative data from students about the class, activities and the teacher;

4. holding weekly individual meetings with the teacher concerning class occurrences and specific techniques that could be used in an attempt to change the actual environment; and 

5. re-assessing the students’ actual environments.

Each teacher selected an area of specific concern, based on the differences between the scale means of the students’ actual and preferred scores from the CLES, and the discussion with the researcher, to design a plan of action for improvement. The researcher visited each class about once a week during the semester prior to the posttest at the end of the semester, in order to observe classes and interview the students. Teachers were assisted by the researcher who acted as a coach in implementing cooperative learning integrated with constructivist teaching in their classrooms. All students completed the Student Actual version of the CLES as a posttest. The results were analysed by the researcher who presented them to each teacher privately for discussion and possible explanations. Students also were asked to complete the Attitude Questionnaire as a pretest during the fourth week of the school term, and as a posttest two weeks before the end of the school term. Students were requested to include their names on the questionnaires so that the researcher could choose students, who had interesting and/or extreme views, for interview in which they could elaborate and explain their answers.
During each classroom visit, the researcher interviewed up to five students about his/her learning activity, both in and out of class.  A different student was chosen each time, and the data collected from these interviews served as an additional source of data to enrich the description of what was occurring in the classroom. The  interviews were done in a face-to-face approach. 

Observations of science lessons in the case study teaches’ classrooms were employed to gather information about the constructivist classroom environments and students’ perceptions of their learning activities and self-efficacy which might have been missed during the survey and interviews. The selecting of specific lessons for observation was done weekly or bi-weekly depending on the teacher’s willingness. 

3. RESULTS

Validation of the CLES in Thailand 
To validate the CLES, the data were analysed to check the a priori factor structure of the CLES, the internal consistency of each of the scales, the discriminant validity, and the ability to differentiate between classes. The factor loadings depicted in Table 2 are those greater than 0.40. The results support the notion that the 25-item translated version of the CLES assesses five different aspects of constructivism within the science classroom environment in Thailand schools. In this analysis of the factor structure, 62.01% and 51.57% of the variance of the Actual and Preferred Forms, respectively, could be accounted for by the five factors.

The internal consistency of each scale of the CLES was established using the Cronbach (1970) alpha coefficient using the individual student as the unit of analysis. Table 3 shows that the reliability estimate for each CLES scale in the Actual and Preferred Forms ranged from 0.81 to 0.85 for the Actual Form and from 0.62 to 0.84 for the Preferred Form. This suggests that all the scales of the Thai version of the CLES possess satisfactory internal consistency.

Another feature considered important in a classroom environment instrument is the discriminant validity of each scale of the instrument, that is, the extent to which the scale measures a dimension different from that measured by any other scale. In this study, when the individual is used as the unit of analysis, the mean correlation of one scale with the other four scales ranged from 0.45 to 0.50 for the Actual Form and from 0.34 to 0.45 for the Preferred Form (see Table 3). Most of these values can be regarded as small enough to confirm the discriminant validity of the CLES, indicating that each scale measures distinct, although somewhat overlapping, aspects of the classroom environment. 

Another desirable characteristic of the Actual Form of any instrument like the CLES is that it is capable of differentiating between the perceptions of students in different classrooms. That is, students within the same class should perceive it relatively similarly, whereas the mean within-class perceptions should vary from class to class. This characteristic was explored for each scale of the CLES using a one-way ANOVA, with class membership as the main effect. Table 3 shows that each CLES scale differentiated significantly (p<.001) between classes and that the eta2 statistic (the amount of variance accounted for by class membership) ranged from 0.15 to 0.23. 

The use of these three analyses confirmed that the CLES is a valid and reliable questionnaire for use in Thailand.

Table 2

 Factor Loadings for Student Actual and Preferred Forms of the CLES

	Item
	Factor Loading

	No.
	Personal

Relevance
	Uncertainty


	Critical

Voice
	Shared

Control
	Student

Negotiation

	
	Actual
	Prefer
	Actual
	Prefer
	Actual
	Prefer
	Actual
	Prefer
	Actual
	Prefer

	1
	0.76
	0.65
	
	
	
	
	
	
	
	

	2
	0.76
	0.56
	
	
	
	
	
	
	
	

	3
	0.72
	0.60
	
	
	
	
	
	
	
	

	4
	0.65
	0.67
	
	
	
	
	
	
	
	

	5
	0.67
	0.67
	
	
	
	
	
	
	
	

	6
	
	
	0.66
	0.61
	
	
	
	
	
	

	7
	
	
	0.65
	0.47
	
	
	
	
	
	

	8
	
	
	0.60
	0.53
	
	
	
	
	
	

	9
	
	
	0.79
	0.66
	
	
	
	
	
	

	10
	
	
	0.71
	0.70
	
	
	
	
	
	

	11
	
	
	
	
	0.70
	0.68
	
	
	
	

	12
	
	
	
	
	0.63
	0.63
	
	
	
	

	13
	
	
	
	
	0.81
	0.79
	
	
	
	

	14
	
	
	
	
	0.72
	0.64
	
	
	
	

	15
	
	
	
	
	0.47
	
	
	
	
	

	16
	
	
	
	
	
	
	0.75
	0.67
	
	

	17
	
	
	
	
	
	
	0.58
	0.70
	
	

	18
	
	
	
	
	
	
	0.78
	0.77
	
	

	19
	
	
	
	
	
	
	0.74
	0.63
	
	

	20
	
	
	
	
	
	
	0.68
	0.72
	
	

	21
	
	
	
	
	
	
	
	
	0.66
	0.73

	22
	
	
	
	
	
	
	
	
	0.80
	0.72

	23
	
	
	
	
	
	
	
	
	0.77
	0.65

	24
	
	
	
	
	
	
	
	
	0.75
	0.59

	25
	
	
	
	
	
	
	
	
	0.71
	0.58

	cumulative% of variance
	
	
	
	
	
	
	
	

	Actual
	13.35
	
	26.55
	
	39.18
	
	50.86
	
	62.01
	

	Preferred
	
	13.76
	
	23.74
	
	33.36
	
	42.76
	
	51.57

	The sample consisted of 606 science students in 17 classes in Thailand.


Factor loadings less than 0.40 have not been shown.
Table 3
Internal Consistency Reliability (Cronbach Alpha Coefficient), Discriminant Validity 
(Mean Correlation with Other Scales) and Ability to Differentiate between Classrooms (ANOVA Results) Using the Individual Student as the Unit of Analysis for the CLES
	

	CLES Scales
	
	Alpha Reliability
	
	Mean Correlation with Other Scales
	
	ANOVA

eta2
	

	
	
	Actual
	Preferred
	Actual
	Preferred
	

	
	
	
	
	
	
	
	

	Personal Relevance
	
	0.84
	0.68
	0.49
	0.34
	0.18***

	
	
	
	
	
	
	
	

	Uncertainty
	
	0.81
	0.62
	0.48
	0.34
	0.15***

	
	
	
	
	
	
	
	

	Critical Voice
	
	0.82
	0.78
	0.49
	0.43
	0.18***

	
	
	
	
	
	
	
	

	Shared Control
	
	0.85
	0.84
	0.50
	0.45
	0.16***

	
	
	
	
	
	
	
	

	Student Negotiation
	
	0.85
	0.78
	0.45
	0.41
	0.23***

	
	
	
	
	
	
	
	


*** p<.001 n=606

Effectiveness of Cooperative Learning Integrated with Constructivist Teaching on Improving Learning Environments

Finally, in phase two, the effectiveness of cooperative learning integrated with constructivist teaching in promoting improvement in classroom environments was evaluated in terms of teachers’ abilities to make use of learners’ responses to the CLES to improve their own classroom learning environments.  The differences between the pretest and posttest mean score of scales from ‘Attitude to Science Learning Activities’ and ‘Self-Efficacy’ were used to investigate student improvement of attitudes towards science learning activities and students’ feeling of self-efficacy. Again, t-tests were conducted in order to identify significant differences between students’ actual and preferred scores on each scale of the CLES and between pretest and posttest mean scores of Attitude Scales in each case study class.

In all phases of this study, quantitative data were tabulated and reported in graphical format while qualitative data were used to explain and support the quantitative data. Qualitative data (classroom descriptions, interviews with students) were compiled by the researcher and written into a narrative of the classroom environments, thus adding richness to the overall findings. The interviews were later completely transcribed. The draft transcripts were then given to the interviewee in order for member checking to review the validity of content of the conversations.

Because of the space limitations, only one of the three case studies is reported in detail here.
Case Study for Teacher B
Teacher B was a 47-year old female with 20 years of science teaching experience in biology. She received a Bachelor of Science Education degree and was selected by the Ministry of Education as a ‘Master Teacher of Science’. Last two year she was trained in implementing cooperative learning and constructivist teaching in the classroom. Now she is teaching biology to grade ten science classes and general science to grade nine. She said that she would love to participate in this research and was willing to use more cooperative learning integrated with a constructivist teaching approach in her classes. She felt that her greatest teaching strength is her good relationship with her students and her ability to create various kinds of instructional media to improve students’ concepts of biology. Her teaching load per week was 21 hours with an added extra three hours for school teacher tasks.

In this study, Teacher B taught a grade 10 biology class which consisted of 39 students of both genders. These students were those classified as high achievers in science learning in their school. This biology course focused on ecology, and lasted for two hours per week over 18 weeks. In this course, students were expected to have enough understanding, skills and attitudes about relationships between organisms and environments to be able to solve problems related to ecology. 

Pretest Results for Teacher B’s Class

Table 4 shows the pretest actual and preferred classroom environment scores of teacher B’s students. The average preferred pretest scores were higher than the actual average scores on all five scales of the CLES. 

The difference between the pretest actual and preferred scale scores were respectively 1.37, 1.22, 0.90, 0.66 and 0.48 for Critical Voice, Shared Control, Personal Relevance, Uncertainty and Student Negotiation. Greater differences between the actual and preferred mean scores occurred on the Critical Voice and Shared Control scales. 

Table 4


Differences between Pretest Scores on Actual and Preferred Forms of the CLES for Teacher B’s Students in the Sample (n=39)

	Scales
	Mean
	Difference  (P-A)
	Standard Deviation

	
	Preferred

(P)
	Actual

(A)
	
	Preferred

(P)
	Actual

(A)

	Personal 
	4.39
	3.49
	0.90
	0.41
	0.42

	Relevance
	
	
	
	
	

	
	
	
	
	
	

	Uncertainty
	4.39
	3.73
	0.66
	0.45
	0.50

	
	
	
	
	
	

	Critical 
	3.44
	2.07
	1.37
	0.56
	0.49

	Voice
	
	
	
	
	

	
	
	
	
	
	

	Shared 
	3.53
	2.31
	1.22
	0.75
	0.59

	Control
	
	
	
	
	

	
	
	
	
	
	

	Student 
	4.20
	3.72
	0.48
	0.50
	0.42

	Negotiation
	
	
	
	
	

	
	
	
	
	
	


Improvement Plans of Teacher B

After considering the results of the pretest (see Table 4 and Figure 1), Teacher B decided to attempt to improve the constructivist nature of her classroom environments in the areas of Critical Voice and Shared Control. She made a particular attempt to engage students more in four types of child-centered learning activities as follows:

1. a science laboratory cooperative learning activity approach for the whole semester, 

2. some kinds of cooperative learning activities, 

3. class discussions, and 
4. questioning.
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Figure 1.
Differences between pretest scores on Actual and Preferred Forms of   the CLES for Teacher B’s students in the sample (n =39).

Posttest Results  for Teacher B

Table 5 and Figure 2 show that improvement occurred in the students’ perceived environments between pretest and posttest on the two dimensions (Critical Voice and Shared Control) on which changes were attempted. For the Critical Voice and Shared Control scales, the change was relatively approximately 0.96 and 0.86 scale means. The scales, which were not targeted by the teacher for improvement namely, Personal Relevance, Uncertainty and Student Negotiation showed relatively improvement of 0.60, 0.23 and 0.94.

In summary, the quantitative data in Teacher B’s class showed that there was an improvement in the students’ perceived environment in all dimensions of the CLES. The classroom observation and interview data supported the questionnaire results. Thus, the improvement that occurred suggested that Teacher B succeeded in making use of her students’ response to the CLES for improving her classroom environment. 

Table 5

Actual Pretest and Posttest Scale Means and Standard Deviations of Teacher B’s Students (n=39) 

	Scale
	Mean
	Difference
	Standard deviation
	t

	
	Pretest
	Posttest
	Post-Pre
	Pretest
	Posttest
	

	
	(Pre)
	(Post)
	
	(Pre)
	(Post)
	

	Personal  
	3.49
	4.09
	0.60
	0.42
	0.50
	5.350***

	Relevance
	
	
	
	
	
	

	
	
	
	
	
	
	

	Uncertainty
	3.73
	3.96
	0.23
	0.50
	0.42
	2.210*

	
	
	
	
	
	
	

	Critical 
	2.13
	3.09
	0.96
	0.77
	0.66
	8.304***

	Voice
	
	
	
	
	
	

	
	
	
	
	
	
	

	Shared 
	2.31
	3.17
	0.86
	0.75
	0.69
	5.952***

	Control
	
	
	
	
	
	

	
	
	
	
	
	
	

	Student 
	3.44
	4.38
	0.94
	0.80
	0.53
	6.226***

	Negotiation
	
	
	
	
	
	

	
	
	
	
	
	
	


*p<.05, ***p<.001
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Figure 2.
Preferred, actual pretest and actual posttest scores of Teacher B’s  students


 (n =39).

Attitude for Teacher B’s Class

In the class of Teacher B, as shown by Table 6 and Figure 3 the level of students’ attitudes before and after learning with constructivist teaching are the same in level of often for Attitude to Science Learning Activities and sometimes for Self-Efficacy’ scale. However, the statistical data show that the increase in mean scores in both scales was statistically significant (p<.001). The pretest mean score of Attitude to Science Learning Activities scale changed from 3.73 to 4.3 where as the Self-Efficacy changed from 2.56 to 3.08.

Table 6 

Changes of Attitudes of TeacherB’s Students’ towards Science Learning Activities and Self- Efficacy after Learning with Constructivist Teaching (n=39)   

	Teacher
	Scale
	Mean
	Difference
	Standard Deviation 
	t

	
	
	Pre
	Post
	(Post-Pre)
	Pre
	Post
	

	Teacher B
	Learning
	3.73
	4.30
	0.57
	0.38
	0.46
	5.839***

	
	Activities
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Self-Efficacy
	2.56
	3.08
	0.52
	0.52
	0.52
	5.584***

	
	
	
	
	
	
	
	


***p<.001
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             Figure 3.   Changes in Attitudes of Teacher B’s students towards Science Learning         

         Activities and Self-Efficacy after learning with constructivist teaching  (n = 39 ).

The statistical data of pretest and posttest mean scores indicated that in all three case studies, cooperative learning integrated with constructivist teaching could improve students’ attitudes towards their science learning activities and academic self-efficacy. It was noteworthy that the level of students’ attitudes before and after learning with constructivist teaching had changed from Sometimes to Often on the Attitude to Science Learning Activities scale in the classes of Teachers A and D, but remained at the same in level of Often in Teacher B’s class. On the Self-efficacy scale, there was a change from Seldom to Sometimes in only Teacher D’s class, but remained at the same level of Seldom and Sometimes in the classes of Teachers A and B. 

5. CONCLUSION

In the first phase of the study, the Constructivist Learning Environment Survey (CLES), an instrument for assessing students’ perceptions of the actual and preferred classroom environment through the constructivist perspective, was validated for use in Thailand. Second, the effectiveness of cooperative learning integrated with constructivist teaching in promoting improvement in classroom environments was evaluated through an action research process, involving the use of feedback on actual and preferred classroom environments. The sample consisted of seven secondary science teachers and their 17 classes of 606 students in Nakornsawan Province, Thailand. Student Actual and Preferred Forms of the CLES, assessing Personal Relevance, Uncertainty, Critical Voice, Shared Control and Student Negotiation, were administered. Factor analysis and internal consistency measures supported a five-factor structure for both actual and preferred forms. Students’ attitudes to science were also measured. A number of teachers then participated in an attempt to improve their classroom environments, through the use of cooperative learning integrated with a constructivist teaching approach. Changes in classrooms did occur, thus supporting the effectiveness of cooperative learning integrated with constructivist teaching in improving learning environments and students’ attitudes towards science in Thailand. 

The CLES questionnaire which was proved to be valid and reliable of for use in Thailand could be used by Thai science teachers and researchers to conduct further investigation leading to improvements in science classroom environments and consequently students’ achievement in science. Moreover, it was found that the CLES took little class time to administer and could be quickly hand-scored. It is also possible to design and use a CLES score sheet which can be scored via the computer. The CLES is easily accessible, inexpensive, reliable, and easy to score and interpret making it of considerable value to classroom teachers.

The findings confirmed that teachers are able to make use of cooperative learning integrated with learners’ responses to the CLES to improve their own classroom learning environments. Therefore, teachers who receive support and training can consider students’ views about their classrooms and improve their classroom environments. Consequently, teachers can develop and apply their own plans to induce classroom environment changes based on their students’ actual and preferred CLES results. The CLES results can remain confidential or teachers are able to compare their results with other teachers or educators in an attempt to receive professional opinions concerning ways to change what they are dong. After a desirable time, the teachers can reassess their environments with the CLES and compare the information with that in the previous assessment to see if their applied methods do improve their classroom environment.

It is highly desirable to combine quantitative and qualitative methods in future research in Thailand, as was done in this study. Recently, increasing numbers of classroom environment studies are using both quantitative and qualitative methods in the same study (Fraser & Tobin, 1991; Tobin & Fraser, 1998). While quantitative methods involve predetermined classroom environment constructs, qualitative research makes assertions to highlight some salient aspects of classroom environment that emerge during the study (Tobin & Fraser, 1998). In this way, the highly complex nature of a study in which teaching and learning takes place is maintained and data are not lost. In addition, data from qualitative methods help to explicate trends and patterns that arise from quantitative methods. 
Longitudinal studies involving teachers who routinely use cooperative learning integrated with a constructivist teaching approach could also provide interesting data. The research topics could be about changes in teachers’ beliefs, attitudes and teaching behaviours in implementing constructivist teaching in their classrooms.

Since the learning reform in Thailand related to the Thai National Education Act of B.E. 2542 (1999), this is the first study exploring the effectiveness of cooperative learning integrated with a constructivist teaching approach in improving science classroom learning environments. An unique feature of this study is that it is an attempt to understand and demonstrate how teachers used cooperative learning integrated with a constructivist teaching approach to improve their own classroom environments. The findings hold special interest for the science teachers of secondary schools where the study was conducted, because the study encouraged teachers to improve their psychosocial environment. 

The experience of the researcher would indicate that a great deal of sensitivity must be shown to teachers in any schools when using the instrument. Clearly, if teachers want changes to occur, before the instrument is used, they must understand what are some of the expected outcomes, why students’ accurate responses are required, what responsibility they will have, and what processes will be set up to interpret data and develop strategies for classroom improvement. When strategies they had are used in their classrooms, they should pay more attention on them.
It may be possible to successfully implement cooperative learning integrated with a constructivist teaching approach and the CLES in science classrooms if there is a more coordinated effort among Rajabhat Institutes or universities, school teachers, schools and the community. Rajabhat Institutes or universities should have the capability to train preservice and inservice science teachers to implement cooperative learning integrated with a constructivist teaching approach consistent with the CLES and the model for improving the classroom learning environment and students’ learning outcomes. Also, with the teachers’ own willingness and support given by the school and community, it is hoped that science teachers will use cooperative learning integrated with a constructivist teaching approach and the CLES to improve their science classroom environment, students’ academic and attitude outcomes.
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		Personal Relevance		Uncertainty		Critical Voice		Shared Control		Student Negotiation

		2.62		3.15		1.87		1.73		2.76

		3.91		4.01		3.4		3.45		3.79

														Teacher 4

		F6

		Personal Relevance		Uncertainty		Critical Voice		Share Control		Student Negotiation

		2.83		3.21		2.05		1.81		2.81

		4.01		4.2		3.7		3.51		3.96

														Teacher 5

		F7

		Personal Relevance		Uncertainty		Critical Voice		Shared Control		Student Negotiation

		2.86		3.29		2.4		2.42		3.17

		3.86		4.03		3.47		3.57		4.04

														Teacher 6

		Personal Relevance		Uncertainty		Critical Voice		Shared Control		Student Negotiation

		3.73		3.93		3.37		3.34		3.7

		2.72		3.09		2.13		1.88		2.38

																Teacher 7
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		Personal Relevance		Uncertainty		Critical Voice		Shared Control		Student Negotiation

		3.97		4.04		3.58		3.57		3.95

		2.9		3.28		2.2		2.01		3.01

								606students

		pr		2.9		3.97

		un		3.28		4.04

		cv		2.2		3.58

		sc		2.01		3.57

		sn		3.01		3.95

		Personal Relevance				2.9		3.97

		Uncertainty				3.28		4.04

		Critical Voice				2.2		3.58

		Share Control				2.01		3.57

		Student Negotiation				3.01		3.95
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