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INTRODUCTION

The constructivist view of learning has become a prominent stream of science education during the past decade (Treagust, Duit, & Fraser, 1996). It represents a paradigm shift from education based on behaviourism to education based on cognitive theory (Collay & Gagnon). Constructivist epistemology assumes that students learn on the basis of their interaction with their environment.  The emphasis here is how we can create the learning environment to support constructivist learning.  It has been widely accepted that learning environment can influence students' attitudes and learning outcomes. If students are to make sense from what they learn, it is important for their ideas to be heard and critiqued during classroom transactions, for them to share control of the classroom, and for the teacher to provide support for learning (Tobin & Fraser, 1998).  
There are a number of studies on different factors believed to enhance students’ learning. The teaching and learning paradigm has shifted from traditional classrooms where teachers are centers into classrooms where there are more interaction and control sharing between students, their teachers and peers, and from classrooms where transferring knowledge from teachers to students is emphasized into classrooms where students’ construction of knowledge is promoted. 

Collaboration is considered to be essential for promoting successful learning worldwide and has been implicated to education by various different means. Tinzmann and colleagues (1990) stated characteristics of collaborative classroom that there needed to involve shared knowledge among teachers and students, shared authority among teachers and students, roles of teachers as mediators, and heterogeneous grouping of students. That is to say, not only changes in methods and activities used in classrooms, but classroom environments are subjected to change as well. For constructivist psychology, collaboration is the basis for all learning so it is important to create the environment that is collaborative as well as constructivist to support students learning.

Computer education in Thailand began in 1959 when the IBM donated the first computer to the faculty of Accounting and Commerce at Chulalongkorn University. The earliest purpose of its use was to teach statistics to graduate engineering students for assisting their thesis studies (Homhuan & Malaivongs, 1999); Preeyanont, 2003). Computing-related degree programs offered since that time can be classified into Computer Science, Computer Engineering, Computer in Business, and Management Information System or Information Technology (Preeyanont, 2003). 

From the first computer in Thai education, the IBM 1620, several hundred models have been launched and used in education both as tools for studying other subjects and as learning materials for its own discipline. Changes have moved so fast in both hardware and software. To catch up with this rapid change in knowledge and innovation in the field of computing, students need to be constructive and should be place in a collaborative constructivist-oriented learning environment that can support their learning. Thus the overall aim of this paper is to report action research results on how the Constructivist Learning Environment Survey (CLES) was used to improve the collaborative learning environment in a computer classroom in Thailand.
PURPOSES OF THE STUDY

The purposes of this study were to:
· investigate constructivist learning environments in a computer classroom in Thailand

· improve the learning environment by making it more constructive as well as more collaborative.

BACKGROUND AND THEORETICAL FRAMEWORK

Learning environments have received attention from educators and researchers for decades. Since Lewin (1936) presented the symbolic function for human behaviour: B = f (P, E) or human behaviour (B) is a function (f) of person (P) and environment (E) together, there have been a lot of developments regarding the learning environment (Moos, 1974; Murray, 1938; Stern, 1970; Walberg, 1981). 

The first questionnaire used to assess the learning environment was the Learning Environment Inventory (LEI) which was developed in the late 1960s (Fraser, Anderson, & Walberg, 1982; Walberg & Anderson, 1968). Following the LEI, there have been developments of many questionnaires for measuring different aspects of learning environments.

In particular, the questionnaire called the Constructivist Learning Environment Survey (CLES) (Taylor, Dawson, & Fraser, 1995; Taylor & Fraser, 1991; Taylor, Fraser, & White, 1994) was developed to assist educators and researchers to measure students’ perceptions of the extent to which constructivist approaches are presented in the classrooms learning environment. This was an important development since teachers and educators expect the construction of meaning to take place in the classroom.

The first version of the CLES was introduced in 1991 (Taylor & Fraser, 1991) and was consistent with von Glasersfeld’s (1981, 1988) perspective of radical constructivism. The first version of the CLES was designed to measure students' perceptions of the extent to which the classroom learning environment enabled them to reflect on their prior knowledge, develop as autonomous learners, and negotiate their understandings with other students. Socio-cultural aspects were added the instrument in the development of the revised versions.

Revised versions of the CLES (Taylor el al., 1995; Taylor, Fraser, & Fisher, 1997; Taylor et al., 1994) were developed based on its original version (Taylor & Fraser, 1991) and the perspective of critical constructivism (Taylor & Campbell-Williams, 1993). These versions of the CLES were designed to measure five key dimensions of a critical constructivist learning environment from the students’ perception. The five key elements emphasised are: the degree of relevance the students find between their studies and the world outside of school; the degree of empowerment they gain to express their concern about the teaching and learning; the degree to which they are invited to share control of the design, management, and evaluation of their learning; the degree of their engagement and interaction with each other to improve their understanding; and the extent to which science is viewed as ever changing (Taylor et al., 1995; Taylor et al, 1997).
The new versions of the CLES are available in two forms: the Actual and Preferred (Taylor et al., 1995). In addition to the Actual Form that measures the learning environment as perceived by students, the Preferred Form is concerned with goals and value orientations and measures perceptions of the classroom environment ideally liked or preferred (Fraser, 1998). Importantly, for the present study, learning environment research which has adopted a person-environment fit perspective (Hunt, 1975) revealed that the similarity between the actual environment and that preferred by students leads to improved student achievement and attitudes (Fisher & Fraser, 1983; Fraser & Fisher, 1983a, 1983b) The practical implication of these findings for the present study is that attempting to change the actual classroom environment in ways that make it more congruent with that preferred by the students could enhance student achievement. The item wording of the Preferred Form is slightly changed from the Actual version, for instance, the use of phrases like “I wish”.  Each form contains 30 items altogether, with six items in each of the five scales. The response alternatives for each item are Almost Always, Often, Sometimes, Seldom, and Almost Never. The scales of the CLES are listed as follow (Taylor et al., 1997):

· Personal Relevance scale: focuses on how school science and students' out-of-school experiences are connected, and how students make use of their everyday experiences as a meaningful context for the development of their scientific and mathematical knowledge.
· Uncertainty scale: assesses the extent to which opportunities are provided for students to experience the inherent uncertainty and limitations of scientific knowledge as arising from theory-dependent inquiry involving human experience and values, and as evolving, non-foundational, and culturally and socially determined. 

· Critical Voice scale: examines the extent to which a social climate has been established in which students feel that it is legitimate and beneficial to question the teacher's pedagogical plans and methods, and to express concerns about any impediments to their learning. 

· Shared Control scale: concerned with students being invited to share with the teacher control of the learning environment, including the articulation of learning goals, the design and management of learning activities, and the determination and application of assessment criteria.

· Student Negotiation scale: assesses the extent to which opportunities exist for students to explain and justify to other students their newly developing ideas, to listen attentively and reflect on the viability of other students' ideas and, subsequently, to reflect self-critically on the viability of their own ideas.  

The new CLES has been used in studies of high school science and mathematics classrooms (Dryden & Fraser, 1998; Taylor et al., 1995; Taylor et al., 1994) and validated and used in various studies in different countries (Churach & Fisher, 1999; Stolarchuk & Fisher, 2001). The CLES has also been translated and modified to suit each specific situation for use in both English and non-English speaking countries, e.g., the online version or the Constructivist On-Line Learning Environment Survey (Taylor & Maor, 2000), the versions providing the Comparative Student (CLES-CS), the Comparative Teacher (CLES-CT) and Adult (CLES-A) Forms in evaluating university/filed trip program (Nix, Ledbetter, & Fraser, 2001), the Chinese version in the cross-national study in Taiwan and Australia (Aldridge, Fraser, Taylor, & Chen, 2000), the Korean version (Kim, Fisher, & Fraser, 1999) and the 25-item Korean version (Lee & Fraser, 2000). However it has never been used to measure the learning environment at the tertiary level in Thailand.

METHODS

Prior to the main study, the CLES both the Actual and Preferred Forms were translated into Thai using back-translation technique (Brislin, 1983). They had also been slightly modified after the pretest to make them more suitable for the use in a computer class and the sociocultural context.  The Thai versions of the student Actual and Preferred Forms of the CLES were administered to 710 students undertaking computer courses in Thailand to determine the reliability of the CLES for use in Thailand. 

Following this check on the reliability of the CLES, the main study followed the fundamental steps of: assessment, feedback, reflection and discussion, intervention and reassessment (Fisher, 1986; Fraser, 1999)  

In the assessment stage, the Actual and Preferred Forms of the CLES were administered to a class of 29 students undertaking a computer course emphasising on the use of applications, for example, spreadsheets and an authoring program. The administration of the CLES was scheduled for the third week of the semester.
The instructor/researcher generated feedback information from the student responses to the questionnaires. Profiles were constructed from the class mean scores. The differences represented in both profiles between the actual or perceived and the preferred learning environments were used to consider which aspects of the constructivist classroom environment needed to be changed in order to align the actual environment more closely with that preferred by the students.

The profiles were considered in the reflection and discussion stage by the instructor/researcher with peer colleagues in order to clarify and interpret the profiles.  A classroom environment improvement plan was developed after a decision was reached on which learning environment scales to attempt to change. The implementation of strategies to bring about changes formed the intervention stage.
The intervention was introduced to the class in order that all participants would be aware and agree on attempts to improve the learning environment.  Reflective student journals were also collected as additional information about the on-going course. The intervention started in the fifth week of the semester and lasted for 10 weeks.

At the end of the intervention, the Actual Form of the CLES was re-administered to determine whether the students perceived their actual environment differently. These reassessment results were used to indicate whether changes in the learning environment had been achieved. 
RESULTS

The data gathered from the 710 students in the 33 classes in a college in the northeast of Thailand studying tertiary computer courses in Thailand first were analysed to determine the discriminant validity and the internal consistency of the Thai version of the CLES. The results are presented in Table1.

Table 1
Item Factor Loadings and Scale Alpha reliabilities for the Actual and Preferred forms of the CLES 

	Item
	
	

Factor Loadings
	
	

	
	Personal 

Relevance
	Uncertainty 


	Critical 

Voice
	Shared 

Control
	Student 

Negotiation

	
	Actual  Preferred
	Actual  Preferred
	Actual  Preferred
	Actual  Preferred
	Actual  Preferred

	1
	.67
.70
	

	
	
	

	2
	.75
.74
	
	
	
	

	3
	.67
.69
	
	
	
	

	4
	.72
.71
	
	
	
	

	5
	.73
.69
	
	
	
	

	6
	.62
.62
	
	
	
	

	7
	
	.46
.55
	
	
	

	8
	
	.66        .73
	
	
	

	9
	
	.73
.70
	
	
	

	10
	
	.71        .70
	
	

	

	11
	

	.68        .70
	
	
	

	12
	
	.66
.64
	
	
	

	13
	
	
	.64
.61
	
	

	14
	
	
	.74
.67
	

	

	15
	
	
	.72
.67
	
	

	16
	
	
	.71
.66
	
	

	17
	
	
	.67
.69
	
	

	18
	
	
	.65
.67
	
	

	19
	
	
	
	.79
.81
	

	20
	
	
	
	.84
.81
	

	21
	
	
	
	.81
.78
	

	22
	
	
	
	.85
.84
	

	23
	
	
	
	.85
.83
	

	24
	
	
	
	.80
.80
	

	25
	
	
	
	
	.60
.68

	26
	
	
	
	
	.70
.72

	27
	
	
	
	
	.71
.70

	28
	
	
	
	
	.70
.73

	29
	
	
	
	
	.69
.72

	30
	
	
	
	
	.70
.74

	Alpha 

Reliabilities
	.64      .82
	.69        .79
	.84        .85
	.91        .93
	.77       .89


*Only factor loadings ≥ .40 are included.

Factor analysis with varimax rotation was used to explore structure of the CLES. Separate factor analyses were conducted for the Actual and Preferred Forms of the questionnaire.  Table 1 illustrates that the orthogonal structure of the CLES held up supporting that each CLES scale assesses a unique aspect of constructivist learning environments.

Also the internal consistency reliability was obtained for the Thai sample for each CLES scale (Cronbach alpha coefficient) separately for the Actual and Preferred Forms. For the Actual Form, the lowest reliability value is 0.78 for Uncertainty, but values for all other scales exceed 0.8 while scale reliability values for all scales of the Preferred Forms are ranked from 0.86 to 0.93.  This suggests that all scales of the Thai version of the CLES possess satisfactory internal consistency in both the Actual and Preferred Forms.

The Case Study

Students’ responses to the CLES from the assessment stage were used to generate feedback information. Class mean scores were used to create profiles as shown in Figure 1. The comparisons of mean scores for the Actual and Preferred Forms of the CLES were checked for statistical significance using paired sample t-tests on differences between student perceptions of the actual learning environment and that preferred by the students. The actual and preferred differences were significant for all of the scales of the CLES as shown in Table 2. 

For constructivist learning environment aspects, the intervention applied was included collaborations from the students as well as academic and non-academic staff.  As the statistically significant differences existed in all scales of the CLES, all five aspects of the constructivist learning environment namely, Personal Relevance, Uncertainty, Critical Voice, Shared Control, and Student Negotiation, were attempted to be improved. 

The instructor/researcher discussed with peer colleagues, who taught the same subject and resulted in a decision to attempt to increase the levels on all dimensions of the CLES as followed.

· Personal Relevance

In introducing the intervention to the class, students were assigned to search for information on how computers affected the real world experiences. Small group discussions were arranged afterwards so that the students could reflect on how computers could be relevant to their out-of-class experiences. This contributed to the intervention strategies on the Personal Relevance aspect.  

· Uncertainty

The attempt to improve this aspect started as an assignment asking students to prepare information about computers from past to present. Again, small group discussions were arranged and students discussed on the development of computers so that they could reflect on the nature of fast changes in the field of computing

· Critical Voice

The profile was presented to the students and a discussion was formed in order to arrange the intervention for this aspect.  To close the gap between the actual and preferred learning environments, the students agreed to be more expressive about their learning situations. They were encouraged to speak up and give feedback in order to create the learning environment that close to their preferred one while the instructor/researcher and peers agreed to listen to their critical voices. 

Another procedure was to encourage the students to write reflective journals every week to reflect on lessons they had learned, their own learning, and the learning environments as a part of improving the Critical Voice aspect. The reflective journals were explained to the class that they were used as means to record events, results and their reactions as well as means to provide feedbacks to instructor. This was also the mean to express students’ opinions especially if the students did not feel comfortable reflecting orally in the classroom. 

· Shared Control

In the same way of the invention to improve the Critical Voice aspect, the profile was presented to the students to gain their collaborations in improving the Shared Control aspect. The students were encouraged to speak up in the class and give their opinions on how the lessons were taught as well as their suggestions to improve learning.

· Student Negotiation

The use of small group work was applied in addition to the individual tasks assigned as an overall intervention for constructivist learning environment, especially, for the Student Negotiation aspect. They were also encouraged to speak up in the class and give their opinions on how the lessons were taught as well as their suggestions to improve learning. 
Table 2

Mean Scores for the Actual and Preferred Forms of the CLES

	Scale
	Mean
	Std. Deviation
	Mean Differences
	t 

	
	Actual
	Preferred
	Actual
	Preferred
	
	

	Personal Relevance
	3.29
	4.16
	.644
	.652
	-0.87
	-5.01***

	Uncertainty
	3.39
	3.89
	.546
	.744
	-0.50
	-4.25*

	Critical Voice
	3.34
	4.00
	.603
	.692
	-0.66
	-4.25***

	Shared Control
	2.25
	3.70
	.654
	.812
	-1.45
	-8.65***

	Student Negotiation
	3.28
	3.99
	.819
	.589
	-0.71
	-3.84***


* p < .05, *** p < .001
Figure 2. Differences between student perceptions of actual and preferred learning environment using the CLES.
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Figures 2 illustrates the results of the reassessment at the end of the intervention stage while Table 3 confirms the changes of students’ perceptions by using the t-test analysis.

It was found out that students considered that their constructivist learning environment dramatically changed as they perceived their learning environment improved on all aspects (Table 3).
Table 3

Mean Scores for the Actual and Preferred Forms of the CLES

	Scale
	Mean
	Std. Deviation
	Mean  Differences
	t

	
	Pretest
	Posttest
	Pretest
	Posttest
	
	

	Personal Relevance
	3.29
	3.91
	.644
	.366
	-0.62
	-4.38***

	Uncertainty
	3.39
	3.92
	.546
	.487
	-0.53
	-3.43**

	Critical Voice
	3.34
	3.74
	.603
	.594
	-0.40
	-2.71*

	Shared Control
	2.25
	2.84
	.654
	.730
	-0.60
	-3.89***

	Student Negotiation
	3.28
	3.89
	.819
	.601
	-0.60
	-3.07**


* p < .05, ** p < .01, *** p < .001




Figure 2. Differences between student perceptions of actual and preferred learning environment using the CLES.
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Qualitative results from student reflective journals added to the picture on how the students viewed their own learning and the learning environment on aspects that were not captured by using the questionnaires. It was interesting to note how students’ journal comments reflected the quantitative results obtained from the CLES.  Some interesting journal reflections were:

I feel time really flies today. We have completed the group work quite early but when it came to my own task, I needed to rush to finish. My friends helped anyway when I asked about how to import the text from the other files. P*, L*  and me work well together. They are so helpful although they are not in my group.

Everything has gone wrong today. I left my floppy disk in the laboratory last time and I saved those examples in that disk. It was gone and I can’t remember anything. The instructor was captured by other classmates who always have problems. I asked a friend sitting next to me but she seemed to be too busy. I needed to wait for T* or G*. I feel that only these two are not bored with me.

It’s 10.30 now and everything is cool. I have finished all my tasks for today and have tried creating other types of quizzes. I helped two or three friends too. I feel very good.

The instructor was speaking so fast that I couldn’t take note on the part of using the motion function to move object. I could take note only half of the steps. If she weighs much on this part in the test, I will not be able get high marks.

Some students just repeat the same questions others have asked before. I don’t understand why they did not pay attention when those questions were answered the first time. It’s annoying. The instructor should be able to continue the lesson without wasting her time answering the every question twice.

The examples are reflections that could be related to the Student Negotiation and Critical Voice scales of the CLES. They also reflected on other aspects of learning environments that are not included in the CLES as well. For instance, some students complained about the conditions of mouse or the air-conditioning in the laboratory. Most of the complaints referred to the availability of the laboratory in that it did not allow them to practice in their free time as often as they wished. However, all of them felt that they were encouraged to do the coursework with more effort than before, and although it was difficult sometimes, they found it was fun and useful to study this course.

DISCUSSION AND CONCLUSION

The results from the study suggest that the instructor was able to use the CLES to improve the learning environment of a computer class in Thailand. The students were involved in the intervention and they had more control of their own learning. Although small group work technique was used, some reflections from the journals indicated that students were helpful to one another even though they were not doing group works and this could be seen as a good sign of the real cooperative and collaborative situations in the classroom which should not be limited in doing group work assignment.
This study extended learning environment theories and instruments to a local context by paying emphasis on teaching and learning processes through a constructivist view in relation with learning environment in a computer classroom in Thailand. It provides implications for teaching practice in computer science area by focusing on computer classroom environments. The combination of qualitative and quantitative research methods leads to a better understanding of a computer classroom and provides another alternative aiming to computer education studies in Thailand.
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* Letters are used to substitute students’ names to ensure confidentiality.
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