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ABSTRACT

The purposes of this study were to analyse the learning environment, teacher-student
interactions and educational outcomes in physical chemistry laboratory classrooms in
Thajland. In addition, the validation of the Chemistry Laboratory Environment
Inventory (CLEI), the Questionnaire on Teacher Interaction (QTT) and Attitude Scale
was examined. The sample was composed of 100 physical chemistry students in four
Rajabhat Universities who responded to both Actual and Preferred Forms of the
CLEI and QTI. Also, interviews and written stories were used with twelve students.
Students’ learning outcomes were investigated using a cognitive test, a practical test
and the Attitude Scale. Before the questionnaires were used with the 100 students
sample, the reliability and validity of the CLEI, QTI and Attitude Scale were
confirmed with 198 tertiary science students in seven Rajabhat Universities. In
addition, the results of students’ interviews and written stories supported the validity
of both the CLEI and QTI, and students improved their achievement outcomes. The
study found that there were differences between the students’ preferred learning
environments and what they perceived to be actually present. Associations were also
found between students’ perceptions of the classroom environment and student

outcomes.
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CHAPTER 1

INTRODUCTION AND OVERVIEW

1.1 ORIGIN OF THIS THESIS

The aim of this thesis is to analyze the learning environment in university classrooms
in terms of social relations and educational outcomes. Why was I interested in this
work? The reasons are as follows. First, | have taught chemistry for many years.
When students’ cognitive achievement scores were measured on the end-of-year
examination, their scores year after year were not as high as I wished in my mind.
Second, sometimes I found that if students respected and liked the teacher who was
interested in them, they would get higher scores in their examinations. Finally, I also
found that if stadents liked their classroom environments, for example their friends
and the teaching methods used, they would get higher scores in their examinations. I
have reflected on my class learning environments in terms of the social relations
between my students and myself for many years, as I am a tertiary teacher. All of
these factors could lead to more positive attitudes that students showed to the teacher
and this would enhance their educational outcomes. Therefore, I asked myself, “How
could I improve this situation?” I concluded that students should be provided with a
learning environment which promoted positive student attitudes and interest in the

subject. This would help students to achieve good educational outcomes.

Much research has stated that generally, students spend a great deal of time at school.
For example, graduates have spent nearly 20,000 hours in educational institutions by
the time they complete their university courses (Fraser, 2001). Therefore, what
happens to students at school and universities, and students’ reactions to instructors
are surely important factors to students and worthy of further study. As well, student
perceptions of their educational experiences are important, and especially important

is what goes on in school and university classrooms. It is difficult for science and



mathematics teachers to include classroom environment measures among their
methods of evaluation because they concentrate almost exclusively on the
assessment of academic achievement, and pay little attention to factors which might
be related to their students’ performance. Although everybody would accept the
worth of student achievements, these alone cannot give a complete picture of the

educational process.

Physical chemistry laboratory teaching is a unique feature of education in science,
but one can question whether the high cost of maintaining and staffing laboratories is
really justified (Hofstein & Lunetta, 1982) and whether or not many aims of the
physical chemistry laboratory teaching could be followed more effectively
(Pickering, 1980). Because research has not been comprehensive, we simply do not
know enough about the effects of physical chemistry laboratory teaching on student
learning and attitudes. While it is a unique feature of science education and a major
source of learning, serious questions arise regarding the effectiveness of the learning
which takes place when students engage in physical chemistry laboratory

investigations (Hodson, 1990; Lazarowitz & Tamir, 1994).

Moreover, in the context of chemistry, past classroom research has more often
focused on students’ understanding of chemical knowledge (Krajcik, 1991; Osborne
& Cosgrove, 1983; Stavy, 1988) rather than on the cffects of the learning
environment on learning. Recently, however, one statement revealed that the notion
of knowledge is constructed through a process of social negotiation and consensus
(Linn & Burbules, 1993). Therefore, Riah and Fraser (1997) concluded that students
needed not only to interact with the curriculum materials but also needed to interact
with significant others, that is, classroom peers and teachers. They also noted that
these interactions, which provided opportunities for students to participate freely in
class discussions, to plan their own investigations and to work cooperatively with
others, can provide insightful learning. This suggested that classroom environment is

an important factor for learning.

This research study involved students from four Rajabhat Universities situated in
Thailand, namely, Rajabhat Kamphaeng Phet University, Rajabhat Maha Sarakham
University, Rajabhat Phanakhon University and Rajabhat Phitsanulok University and



combined quantitative and qualitative methods within the same study, providing a
more complete picture of the learning environment. As Tobin, Kahle, and Fraser
(1990) have indicated, qualitative and quantitative methods, when used in the same
learning environment study, can provide a more in-depth understanding of learning

environments.

The current research study is concermned with issues about the physical chemistry
laboratory inmstruction and student perception of physical chemistry laboratory
learning environments. The rationale for this research is that an investigation of
university classroom learning environments in terms of social relations and
educational outcomes will provide an opportunity to encourage science teachers to
assess the environment of physical chemistry laboratory classes at the university

level, and so improve the quality of their teaching and professional life.

1.2 BACKGROUND TO THIS STUDY

Thailand is situated in southeastern Asia, and borders the Andaman Sea, the gulf of
Thailand, and the southeast of Burma. The country has a total area of 514,000 square
kilometers. The population of Thailand is around 64,265,276, of which 95% are
Buddhists, 3.8% are Muslims, 0.5% are Christians, 0.1% are Hindus and 0.6% are
other (The Government Public Relations Department, n.d.).

In the 1970s and 1980s, Thailand succeeded in providing all children with access to
good quality primary education. However, the expansion of opportunities at lower
and upper secondary levels, and in post-secondary education, proceeded more slowly
because of a restriction of educational progress and budget (The World Bank Group,
1999).

In the early 1990s, less than 40% of people in the Thai workforce had completed
secondary school, and about 80% had completed primary schooling. In the
meantime, the serious issues of curriculum relevance and quality also received
increasing attention. The actions of the Schools Council of Education and Training
contributed to curriculum revision and many instructors were contacted in regard to

improving the curriculum. At the tertiary level, science and engineering programs



were weak, and graduates were not employed in renowned workplaces. A
productivity gap emerged between Thailand and other newly industrialized nations,
which led to a decline in Thailand’s export share of labor-intensive goods.
Generations of Thai students also found it difficult to adapt to rapidly changed
occupations and jobs because those students completed their education by rote
learning methods in narrow vocation courses of secondary school (The World Bank
Group, 1999; Boonklurb, 1999).

Subsequently, the government began to address issues of access and quality in
secondary and higher education. More people had a greater opportunity to enrol in
school and university, with the budget supported by the World Bank. Therefore,
programs to improve the quality of science, mathematics and foreign language
instruction in teacher education colleges and sécondary schools were started (The
World Bank Group, 1999).

Thailand’s long-term challenges are then to continue the expansion of the secondary
and higher education system and improvements in the quality of education available.
Critical to meeting this challenge will be an expanded role for the private sector in
employment training, and the direct provision of education (The World Bank Group,
1999).

On the whole, the education system in Thailand is almost centralised. Students in
Thailand undergo examinations that determine their selection and promotion. The
education system is largely content driven, with an emphasis on students passing
their examinations (MSU Cross-University collaboration helps build environmental

education in Thailand, 1996).

Although education in Thailand continues to advance, these advances are not enough
to offer sufficient progress for the country. For some time in Thailand, the Schools
Council of the Education and Training has been concerned with issues about physical
chemistry laboratory instruction and student perceptions of physical chemistry
laboratory learning environments (The World Bank Group, 1999; Boonklurb, 1999).



Many researchers have said that the learning environment in the classroom is
important in enhancing student learning. Wallin (2003) said that effective teaching
might be summarized as having three dimensions: the classroom itself, the teaching
style, and the learning environment. Wallin continued to say that the learning
environment can lead to effective classroom learning within a supportive
atmosphere, where students work in both small and large groups, in individualized
learning activities, as well as in cooperative learning environments. It means that
students are given ample time and opportunity to master skills, and students assume a
high degree of responsibility for their learning through participation, by becoming
involved in setting their own learning goals, and helping to monitor their own

Progress.

I questioned whether there was a relationship between student cognitive
achievement, attitude to a subject and the learning environments in classrooms in
Thailand. As Rickards (1998) indicated, there was a relationship between student
cognitive achievement, attitude to a subject and the learning environment in
classrooms in Australia. I accepted Rickards’ observation and also asked myself that
if such research was undertaken in Thailand, this may help teachers provide a more
positive learning environment. The nature of teacher-student interactions and
learning environments can contribute to the effective classroom learnings, for as
Chumnankij, (1998) said, both the psychological environment and the physical

environment can enhance the learning in classrooms.

Even though the field of classroom learning environment provides ideas and
techniques that could be very valuable in assisting teachers to become more
reflective and to improve their practice, little progress has been made in
incorporating learning environment ideas into physical chemistry laboratory classes
(Fraser, 1989). Also, despite the current availability of convenient questionnaires to
measure classroom environment, little has been reported on attempts to improve the
learning environment of university classes in Thailand. Again, even though the study
of learning environment has been undertaken in other countries for a long time, it isa
new subject in Thailand, and especially the learning environment of a physical

chemistry laboratory class at university level. Thus, the focus of this study is to



determine relationships between student perceptions of learning environments and

their outcomes.

1.3 THEORETICAL FRAMEWORK

The questionnaires which have been used in studies of learning environments, are
related to the theoretical framework for human environments described by many
researchers. First of all, this study will outline the historical background of learning
environments. Henderson, Fisher, and Fraser (1995) wrote that foundations for
classroom environment research had been laid more than 50 years ago, when the
work of Lewin and Murray had assumed particular significance. Lewin (1931)
described human behaviour as being affected by the person and the environment.
Then Murray (1938) described the concept of the personal needs of an individual
(goals and drives) and the environmental press (stimulus, treatment and process
variables). The work of Lewin and Murray led to the development of various
measures of personality although environmental measures hardly were considered in

early studies.

Waldrip and Fisher (2000) pointed out that early research on human environments
was carried out by Moos (1979). Moos found that the diverse characteristics of
learning environments consisted of three general categories. This finding emerged
from Moos’ work in a variety of environments including hospital wards, school
classrooms, prisons, military companies, university residences and work milieus.
Those three dimensions are: Relationship dimensions, which identify the nature and
intensity of personal relationships within the environment and assess the extent to
which people are involved in the environment and support and help each other;
Personal Development dimensions, which assess personal growth and self-
enhancement; and System Maintenance and System Change dimensions, which
involve the extent to which the environment is orderly, clear in expectations,
maintains control, and is responsive to change. Moreover, in the past 25 years, Moos’
work has influenced the development and use of questionnaires to assess the qualities
of the classroom-learning environment from the perspective of the student (Fraser,
1986, 1994; Fraser & Walberg, 1991). Examples of classroom environment

questionnaires include: the Science Laboratory Environment Inventory (SLEI)



(McRobbie & Fraser, 1993a); the College and University Classroom Environment
Inventory (CUCEI) (Fraser, Treagust, & Dennis, 1986); and the Constructivist
Learning Environment Survey (CLES) (Taylor, Fraser, & Fisher, 1997).

Learning environment research has become firmly established, especially in the field
of science education (Fraser, 1986, 1994: Fraser & Walberg, 1991). Furthermore, a
questionnaire specifically suited to assessing the environment of science laboratory
classes at the senior high school or higher education levels was developed because of
the critical importance and uniqueness of the laboratory sefting in science education
(Fraser, Giddings, & McRobbie, 1995; Fraser & McRobbie, 1995; Fraser,
McRobbie, & Giddings, 1993). The Science Laboratory Environment Inventory
(SLEI) has five scales (each with seven items) and the five response alternatives are
Almost Never, Seldom, Sometimes, Often and Very Often. The SLEI was field
tested and validated simultaneously with many samples in six different countries
(Fraser & McRobbie, 1995; Fisher, Henderson, & Fraser, 1997; Wong & Fraser,
1995).

Many instructors and researchers are not aware of how to effectively evaluate
innovations, new curricula and new teaching methods. Because classroom
environment questionnaires can provide meaningful information about classrooms
and are an important basis to guide improvements, an economical, easily-
administered, hand-scorable learning environment research questionnaire is provided
as part of this study. It is desirable for science teachers to make use of the SLEI to
monitor students® views of their laboratory classes, investigate the impact that
different laboratory environments have on student outcomes, and provide a basis for

guiding systematic attempts to improve these learning environments.

In particular, for science teachers, the proposed method for improving the
environment of science laboratory classes can be especially useful as a basis for
them. Fraser, Giddings, and McRobbie (1992) consistently noted that in order to
stimulate fruitful discussion and guide improvement attempts as a part of school-
based professional development initiatives, the SLEI is easily administered and
scored, providing an excellent foundation for attempts to improve the laboratory

environments.



During the early 1980s much more attention was focused on research on
interpersonal teacher behaviour than was the case in the 1950s and 60s (Wubbels &
Levy, 1993). This research, which originated in The Netherlands, focuses on the
nature and quality of interpersonal relationships between teacher and students
(Créton, Hermans, & Wubbels, 1990; Wubbels, Brekelmans, & Hooymayers, 1991;
Wubbels & Levy, 1993). The Questionnaire on Teacher Interaction (QTI), which
draws upon a theoretical model of proximity (cooperation-opposition) and influence
(dominance-submission), was developed to assess student perceptions of eight
behaviour aspects. Each item of the QTI has a five-point response scale ranging from

Never to Always.

This study used both the 35-item SLEI and the 48-item QTI to assess student

perceptions of their learning environments.

Although learning environments have been a focus for education research, as noted
above, learning environment research should be used to address contemporary
educational issues. Examples of such learning environment approaches include:
associations between student outcomes and environment; differences between
student and teacher perceptions of actual and preferred environment; do students
achieve better in their preferred environment?; teachers’ attempts to improve
classroom environments; and combining quantitative and qualitative methods

(Fraser, 1998b).

In the past about three decades or so, researchers (Fraser, 1991, 1994, 1998a; Fraser
& Walberg, 1991) have noted that the development and use of questionnaires
focused on examining the qualities of the classroom environment from students’
perspectives. In the meanwhile, associations between learning environment variables
and student outcomes also has provided a particular focus for the use of learning
environment questionnaires. Haertel, Walberg, and Haertel (1981) used a meta-
analysis for examining 823 classes in eight subject areas and representing the
perceptions of 17,805 students in four nations. This study found that student
achievement was enhanced in classes in which students felt greater cohesiveness,

satisfaction, and goal direction and less disorganization and friction. Since then other



literature reviews have found there to be associations between -classroom

environment variables and students outcomes (Fraser, 1994).

Until 20 years ago or so, the study of science students’ outcomes focused primarily
on educational objectives in the cognitive domain. However, much attention
(Weinburgh, 1995) has been recently paid to outcomes in the affective domain, and
the study of student attitudes has formed part of this research. For example, Shulman
and Tamir (1972) suggested that affective outcomes of education are as important as
cognitive outcomes, and acknowledgement of the importance of affective outcomes
was reflected in their increasing emphasis in curricula (Gardner & Gauld, 1990;
Hough & Piper, 1982; Mathews, 1974). Fraser, Giddings, and McRobbie (1995)
found that associations existed between classroom environment perceptions of

students and their attitudes towards science laboratories.

Despite the successes in using learning environment for students’ learning outcomes
in the research, several studies have also mentioned the variance involved in this
research. Walberg (1981, 1984), who devised a theory of educational productivity,
noted that there were nine factors which contribute to the variance in students’
cognitive and affective outcomes. The nine factors are student ability, maturity,
motivation, the quality of and quantity of instruction, the environment at home, the
classroom environment, the peer group outside the classroom and the time involved
in viewing video/television media. This model (Walberg, Fraser, & Welch, 1986),
which was successfully tested as part of a national study showed that student
achievement and attitudes were influenced jointly by these nine factors rather than by
one dominant factor. The results from these studies also showed that classroom and
school environment factors were particularly important influences on student
outcomes. These findings were consistent with the theoretical model of Getzels and
Thelen (1960), which describes the school class as a social system. This model states
that the group behaviour of humans could be predicted from personality needs, role

expectations, and classroom environment.

This study is aimed to investigate students’ attitudinal outcomes in the physical
chemistry laboratory. This study is consistent with the past classroom research

investigating associations between student outcomes and the science classroom



environment using the SLEI (McRobbie & Fraser, 1993a). Past research has found
that students’ attitudinal scores were higher in classrooms in which students
perceived a greater presence of student cohesiveness, integration between theory and
practice, clear rules and a better material environment (Fraser, Giddings, &
McRobbie, 1992). McRobbie and Fraser (1993a) used the SLEI to investigate
associations between student outcomes and the learning environment in the science
laboratory and found that the Integration scale of the SLEI showed the strongest
positive association with both students’ cognitive and attitudinal outcomes. It would
be expected that the higher students’ attitudinal outcomes were the better the

students’ cognitive outcomes (Neville, n.d.).

1.4 AIMS AND OBJECTIVES

The present study was conducted with tertiary students during regular class time and
examined classroom environment and teacher-student interaction. The study is
interesting in that it examines a combination of the SLEI, the QTI, attitudinal
outcomes, cognitive outcomes and practical outcomes with students studying a
physical chemistry laboratory subject. This study also aims to extend previous
research of classroom environment by examining students’ learning outcomes and
perceptions of their physical chemistry laboratory class by combining quantitative
and qualitative methods within the same study in tertiary science classrooms in

Thailand. Such a study has never before been carried out in Thailand.

To achieve these aims, the following objectives were proposed. The objectives of

this study were to:
1. provide further validation information about the SLEI and the QTI
questionnaires in terms of reliability for use in the physical chemistry

laboratory classrooms in Thailand.

2. investigate students’ perceptions of their physical chemistry laboratory

classes and their teacher-student interactions.
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3. investigate differences between the students’ perception of their actual
and preferred learning environments, and students’ perception of their

actual and ideal teacher interactions.

4. investigate attitudes students have towards their physical chemistry

laboratory classes.

5. investigate associations between the students’ perceptions of their
learning environments in the physical chemistry laboratory, and
attitudinal, cognitive and practical outcomes, and of their laboratory

teacher’s interpersonal behaviour.

6. confirm whether students’ perceptions of their actual physical chemistry
learning environment can be changed towards their preferred learning

environment.

7. confirm the construct validity of the SLEI and the QTI by using

qualitative data.

1.5 SIGNIFICANCE OF THE STUDY

Previous studies of classroom environment have indicated that interpersonal teacher
behaviour is an important aspect of the learning environment and that it is related
strongly to student outcomes (Fisher, Rickards, & Fraser, 1996). Accordingly, if the
QTI can be validated for use in Thailand, science teachers can make use of it to
monitor students’ views of their classes and to achieve greater congruence between
actual and ideal of teacher-student interactions in classrooms. For example, a science
teacher can adjust understanding behaviour while he/she is interacting with students
when he/she knows the student scores on the Understanding scale of the Actual Form
of the QTI are lower than the Ideal Form. Science teachers could show more
understanding behaviour in the classroom by listening more to the opinions of
students. Teachers might also like to consider strategies or design activities in a
classroom that could enhance their understanding behaviour. In addition, the QTI

could be used in Thailand to assess changes that result from the introduction of new
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curricula or teaching methods, and in checking whether the science teacher’s
interpersonal behaviour is seen differently by students of different genders, ability or
ethnic backgrounds outcomes (Fisher, Rickards, & Fraser, 1996). Similarly to the
QTI, when the validated SLEI can be used to monitor students’ views of their
laboratory classes, investigations on the impact that different laboratory
environments have on student outcomes, and provide a basis for guiding systematic
attempts to improve student learning outcome (Fraser, Giddings, & McRobbie,
1992).

This study provides reliability and validity data on the SLEI and the QTI and
researchers will be able to use these questionnaires with confidence in physical

chemistry laboratories and classrooms in Thailand at the tertiary level.

As well, findings from the interviews and written stories presented in this thesis lead
to more insights on classroom environments in Thailand and expand our knowledge

of learning environment generally.

1.6 LIMITATIONS OF THE STUDY

One of the limitations of this study is that the sample was comprised of only 198
science students from seven Rajabhat Universities because of time, budget and
resource limitations. Students from secondary and primary schools were not involved
in this study because of the focus on physical chemistry laboratory classrooms for

tertiary science students.

‘When the questionnaires were returned, the initial estimates were made of how many
of the students in the sample should be interviewed and asked, bearing in mind the
time, budget and resource limitations. Even though only some students’ comments
provided valuable insights and information about the study, those comments were

expected to be representative of the population of tertiary chemistry students.
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1.7 OVERVIEW OF THE METHODOLOGY

In recent years, it has been shown that combining quantitative and qualitative
methods within the same study in research on classroom learning environments can
lead to a more in-depth understanding of learning (Fraser & Tobin, 1991; Tobin,
Kahle, & Fraser, 1990). Data from questionnaires can be used not only to provide an
economic view of learning environments, but also as a starting point from which
qualitative data can be collected using such methods as classroom observation,
written accounts, and interviews with students. Thus it was decided that this study
should not only include quantitative methods of data collection, but also include

interviews and written accounts.

There were three particular reasons for including qualitative methods of data
collection besides its use in confirming the construct validity of the SLEI and the
QT1. First, the researcher was able to explain differences and similarities between the
learning environments in each university; second, in order to ascertain reasons why
students reported different perceptions of the learning environment in classrooms
gained from the use of Actual and Preferred Forms of the SLEIL, and the Actual and
Ideal Forms of the QTI questionnaires; and third in order to modify the
questionnaires by asking students to comment on any difficulties which they
experienced in interpreting or understanding the items in the questionnaires and
whether there were any additional items or issues that should have been included in
the questionnaire in relation to improving the learning environment in classrooms.
Therefore, this study involved the use of widely-applicable questionnaires, and
involved interviews and written stories which have provided rich insights into
classroom life (Rutter, Maughan, Mortimore, Ouston, & Smith, 1979; Stake &
Easley, 1978).

A number of students from nine Rajabhat University classes were involved in the
quantitative aspects of the study in order to provide dependable validation data. In
the quantitative data collecting, the 35-item version of the SLEI (Fraser, Giddings, &
McRobbie, 1992) and the 48-item version of the QTI (Wubbels, 1993) were used to

collect data on students’ perception of their laboratory environments, and of their
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teachers’ interpersonal behaviour respectively, in nine Rajabhat University classes in

Thailand.

Students’ attitudes to science were measured by using an Attitude Scale derived from
the Test Of Science Related Attitudes (TOSRA) (Fraser, 1978, 1981c). The test on
student cognitive achievement, which was based on the physical chemistry
laboratory content, was constructed by the researcher in order to investigate students’
cognitive achievement. This test was trialled in order to test its validity and
reliability. Also one practical performance test was constructed in order to
investigate students’ practical outcomes. This test was based on the Practical Test
Assessment Inventory (PTAI) (Tamir, Nussinovitz, & Friedler, 1980, 1982). To
validate this test, it was given to five academics for comment, and then trialled with

students. It was then modified to improve its validity.

Data analysis was completed using both manual and computerised methods.
Quantitative data were examined using Microsoft Excel Version 98 (Microsoft

Corporation, 1998) and SPSS Version 10 (Norusis, 1998).
The stories and their subsequent commentaries, and interviews provided means by
which the researcher was able to explain differences and similarities between the

learning environments in each Rajabhat University, and supported the validity of two

questionnaires.

A previous study of science classroom environments has been conducted using both
the SLEI and the QTI questionnaires (Henderson, Fisher, & Fraser, 1995). However,
such a study has never been conducted in Thailand.

1.8 OVERVIEW OF THIS THESIS

This thesis consists of seven chapters and 23 appendices.

The first chapter summarises the purpose of this study, outlines the objectives,

describes the significance of the study, reports the limitations of this study, provides
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a brief overview of the methodology, provides an overview of the thesis and also

includes a summary section.

Chapter 2 reviews some of the literature describing learning environment research,
the Science Laboratory Environment Inventory and research which involved the
Science Laboratory Environment Inventory, interpersonal behaviour research and the
Questionnaire on Teacher Interaction. As well, there are some explanatory

statements within each topic.

Chapter 3 describes the methodology used in this study. Included are the research
questions derived to achieve the objectives, historical background of questionnaires
used in the study, data collection, the sample and the measures used to analyse

qualitative and quantitative data.

Chapter 4 describes the validation of the SLEI and QTI and provides data on the two

versions of each questionnaire that were used in this study.

Chapter 5 describes data from the other measures used in this study. These included

the Attitude Scale, and the cognitive and practical achievement measures.

Chapter 6 presents the qualitative student data which were collected, and its use in
confirming the validation of the SLEI and QTL From this qualitative data, a
comprehensive view of classroom environments and teacher behaviours was

obtained.

Finally, Chapter 7 reports the results related to the research questions proposed.
Associations between students’ perceptions of the classroom-learning environment,
and their attitudinal and achievement outcomes are also described. Moreover, the
relationships between the qualitative and quantitative findings are discussed. This
chapter also discusses the conclusions of this study and its implication for teachers
and other educators. Furthermore, suggestion for further research is based on the

findings of this study, are outlined.
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There are references, 23 appendices consisting of a full set of the questionnaires used
in this study, samples of cognitive and performance tests, a copy of the report
materials provided to students participating in this study, and letters of consent are

also included.

1.9 CHAPTER SUMMARY

The first section has outlined the origin of this thesis. The following four sections
described the background, framework, objectives and significance. The limitations of
this research, which were introduced here, will be again discussed in the final chapter
of this thesis. The first chapter has also provided an overview of the methodologies
used in this study and an overview of the contents of each chapter contained in this

thesis.
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CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION AND OVERVIEW

The primary aim of this study was to investigate students’ perceptions of the
environment of their physical chemistry laboratory classes in Thailand. The study
involved data collection on student outcomes for cognitive and practical performance
achievement, and attitudes to physical chemistry laboratory class. The first objective
of this chapter is to build a conceptual framework for this study by reviewing the
literature, which involves studies on learning environments. As well, a historical
background of learning environment questionnaires up to the development of the
SLEI and QTI, is included in this review. The second objective is to review
completed research in the area of learning environments, which reports students’
perceptions of their learning environments and students’ learning outcomes using the
SLEI and QTI In addition, associations between the classroom environment and
student outcomes with the incorporation of the SLEI and QTI are reported in the
second objective review. At the end of this chapter, a summary of recent literature in
these areas is presented. In Chapter Three, there is a review of literature supporting
the validation of the SLEI and QTI.

2.2 CONCEPTUAL FRAMEWORK FOR RESEARCH ON LEARNING
ENVIRONMENTS

Learning environment describes the shared perceptions of students and sometimes of
their teachers. This has two advantages in describing the class through the eyes of
actual participants and obtaining data, which an external observer could miss or

consider unimportant. Accordingly, the learning environment has been studied with a
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view to identifying those characteristics of learning environments that are associated

with enhanced student outcomes.

This section describes studies of researchers whose work was significant in the
development of a conceptual framework on learning environments, such as the
studies of Walberg and Moos, Lewin and his colleagues, and Murray’s concept of the

human environment.

Considerable interest within the educational research field has been focused on the
nature of the classroom learning environment (Fraser, 1998b; Fraser, & Walberg,
1991; Moos, 1979; Walberg, 1979). Studies of the classroom environment by
international researchers involved the conceptualization, assessment and
investigation of perceptions of aspects of the classroom environment and this
continued to be a growing field of study. For example classroom environment
research has recently focused on constructivist classroom environment (Taylor,
Dawson, & Fraser, 1995), computer-assisted instruction classroom (Teh & Fraser,
1994a) and teacher interpersonal behaviour in the classroom (Wubbels, Créton,
Levy, & Hooymayers, 1993; Kent & Fisher, 1997).

The work on educational environment was established in the 1930s and built upon
the ideas of Lewin, Murray and their followers, such as Pace and Stern. First of all,
Lewin’s seminal work on field theory recognised that both the environment and its
interaction with individual personality characteristics were potent determinants of

human behaviour (Lewin, 1936). This theory was expressed in the Lewinian formula:

B=f(P,E)

This formula provided the impetus for new research strategies in which human

behaviour (B) was described as a function of the person (P) and the environment (E).

Murray (1938) was the first to follow Lewin’s approach by proposing a needs-press
model, which allowed the analogous representation of person and environment in
common terms. Murray defined personal needs as motivational personality

characteristics representing tendencies to move in the direction of certain goals.
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Environmental press was defined as providing an external situational counterpart,

which supported or frustrated the expression of internalized personality needs.

After that, a needs-press theory was popularised and elucidated for describing
student outcomes (e.g., Pace & Stern, 1958; Stern, 1970). Murray’s needs-press
theory led to the development of various personality measurements, and Murray
(1938) introduced the term alpha press to describe the environment as assessed by a
detached observer, and the term beta press to describe the environment as perceived

by inhabitants of the environment.

Stern, Stein, and Bloom (1956) who distinguished between an idiosyncratic view and
a shared view of the environment extended Murray’s distinction between the alpha
press and the beta press. The idiosyncratic view is defined as each person’s view of
the environment (private beta press), and the shared view describes that which
members of a group hold about the environment (consensual beta press). The private
and consensual beta press could differ from each other, and both could differ from a
detached view as assessed by a trained non-participant observer. Therefore, in
designing classroom environment studies, researchers must decide whether their data
is to be obtained from individual students (private beta press) or obtained from the
average of environment scores of all students within the same class (consensual beta

press).

Brophy and Good (1986) further indicated that using students’ and teachers’
perceptions to study the educational environments, as said above, contrasted with an
external observer’s direct observation and systematic coding of classroom

communication and events.

Rickards (1998) suggested that although Murray’s needs-press model has been
utilized and extended to report on high inference measurement in educational
learning environment (Pace & Stern, 1958), outside observers rely on observations

that are based on external experiences of the learning environment.
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23 THE DEVELOPMENT OF LEARNING ENVIRONMENT
QUESTIONNAIRES

There have been many classroom environment questionnaires developed, and the
scales of these questionnaires have been incorporated to measure certain aspects of
the environment in which the utility of incorporated scales depends on the hypothesis
of researcher and the field of study. This section describes both historically important
and contemporary questionnaires that have been used to assess the quality and nature
of classroom learning environments over the past three decades. The classification of
each scale of each questionnaire is in accordance with Moos’ (1974) scheme for
classifying human environments, as discussed in Chapter One. The three basic
dimension types of Moos are Relationship Dimension, Personal Development
Dimension and System Maintenance and System Change Dimension. The
Relationship Dimension is defined as the nature and intensity of personal
relationships within the environment and assessment the extent to which people are
involved in the environment and support and help each other. The Personal
Development Dimension assesses personal growth and self-enhancement. The
System Maintenance and System Change Dimension involve the extent to which the
environment is orderly, clear in expectations, maintains control, and is responsive to

change.

Educational environment fields may be divided into two kinds, namely the
classroom-level environment and the school-level environment. As such, Fraser and
Rentoul (1982a) indicated that it was useful to distinguish classroom or the
classroom-level environment from school or the school-level environment. The
school-level environment involves the psychosocial aspects of whole school climate.
School climate research provides various theories, instrumentation and methodology
built on earlier work on organisational climate in business contexts. Two
questionnaires widely used in the school environment research, namely, Halpin and
Croft’s (1963) Organizational Climate Description Questionnaire (OCDQ) and
Stern’s (1970) College Characteristics Index (CCl), heavily relied on previous work
in business organisations. Despite their simultaneous development and logical
relations, the classroom-level and school-level environment fields have remained

different. For this study, I chose to investigate the classroom-level environment.
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The classroom environment questionnaires which are relevant to the study and are

briefly discussed here are as follows:

o Learning Environment Inventory (LEI)

o My Class Inventory (MCI)

o College and University Classroom Ewnvironment Inventory (CUCEI)
e Classroom Environment Scale (CES)

o Individualised Classroom Environment Questionnaire (ICEQ)
o Constructivist Learning Environment Survey (CLES)

« Geography Classroom Environment Inventory (GCEI)

o Computer Classroom Environment Inventory (CCEI)

o What Is Happening In This Classroom (WIHIC)

o Cultural Learning Environment Questionnaire (CLEQ)

e Distance and Open Learning Environment Survey (DOLES)

» Socio-Cultural Environment Scale (SCES)

2.3.1 The Learning Environment Inventory (LEI)

The Learning Environment Inventory (LEI) measures student perceptions of 15
environment dimensions with secondary school classrooms (Fraser, Anderson, &
Walberg, 1982). The LEI was also widely used to study associations between school
classes, classroom expectations and classroom environment, which affected student-
learning outcomes (Walberg, 1969a, 1969b). In the late 1960s, initial development
and validation of the first version of the LEI began in conjunction with the evaluation
of Harvard Project Physics (Fraser, Anderson, & Walberg, 1982; Walberg &
Anderson, 1968).

The final version of the LEI contains a total of 105 statements (or seven per scale) in
describing typical school classes. Items are scored on a four point Likert scale
(Likert, 1932), with some items being reversed. Although the scales of 15
dimensions of the LEI makes it a good indicator questionnaire and it is relevant to
social psychological theory (Fraser & Walberg, 1991), it is difficult to interpret, and
it is considered to be too long for students at lower grade levels, especially for whom

English is not their first language (Majeed, Fraser, & Aldridge, 2001).
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2.3.2 The My Class Inventory (MCI)

The My Class Inventory (MCI) is a simplified form of the LEI for use with 8-12 year
old children (Fisher & Fraser, 1981; Fraser, Anderson, & Walberg, 1982; Fraser &
O’Brien, 1985). It also has been found to be very useful with students in junior high
school, especially those with limited reading skills in English (Majeed, Fraser, &
Aldridge, 2001), and those who might have difficulty reading with other
questionnaires (Fraser, 1995). The MCI differs from the LEI in four important ways.
First, the MCI contains only five of the LEI’s original 15 scales, in order to reduce
fatigue among younger children. Second, item wording of the MCI has been
simplified to enhance readability. Third, the LEI’s four-point response format has
been reduced to a two-point (Yes-No) response format. Fourth, the students answer
on the questionnaire itself instead of on a separate response sheet, to avoid errors in

transferring the responses from one place to another.

The final form of the MCI contains 38 items altogether. Goh, Young, and Fraser
(1995) have successfully used a three-point response format (Seldom, Sometimes
and Most of the Time) with a modified version of the MCI including a Task

Orientation scale.

2.3.3 The College and University Classroom Environment Inventory (CUCEI)

The College and University Classroom Environment Inventory (CUCEI) was
developed for use in small classes (5 to 30 students) typically encountered at the
post-secondary level, which are sometimes referred to as a ‘seminar’. This
questionnaire was developed because few studies had centred on higher education

classrooms (Fraser & Treagust, 1986; Fraser, Treagust, & Dennis, 1986).

The final form of the CUCEI contains seven seven-item scales. Each item has four
responses, and a score direction is reversed for approximately half of the items.
Recently, the CUCEI has been successfully used in hospital-based education in
Australia. The CUCEI has been adapted to form new questionnaires that are specific
for particular studies, for example the Secondary Colleges Classroom Environment

Inventory (SCCEI) (Rickards, 1998).
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2.3.4 The Classroom Environment Scale (CES)

The Classroom Environment Scale (CES) is a questionnaire used frequently in the
current research, and was developed by Rudolf Moos at Stanford University (Fisher
& Fraser, 1983a; Moos, 1979; Moos & Trickett, 1987). The CES grew out of a
comprehensive program in research involving the perceptual measurements of a
variety of human environments including psychiatric hospitals, prisons, university
residences, school classrooms, correctional institutions and work milieus. The
development of the CES enabled examination of the psychosocial environment of
school classrooms from the aspect of participant interaction, including behaviour
exhibited by teacher, teacher-student interaction and student-student interaction

(Rickards, 1998).

The final published version of the CES contains nine scales with 10 items of a True-
False response format in each scale, and about half of the items are reverse-scored.
Published materials associated with the CES include a test manual, a questionnaire,

an answer sheet and a transparent hand-scoring key.

2.3.5 The Individualised Classroom Environment Questionnaire (ICEQ)

The Individualised Classroom Environment Questionnaire (ICEQ) was developed in
response to literature and academic conferences associated with inquiry approach
learning. It assesses dimensions, which distinguish individualised classrooms from
other learning environments. The initial development of the ICEQ was guided in
three important ways: a review of the literature on individualised open and inquiry-
based education; extensive interviewing of teachers and secondary school students;
and reactions to draft versions was sought from selected researchers, teachers and
junior high school students (Rentoul & Fraser, 1979). Furthermore, the ICEQ has
been applied in association with the LEI and CES in studies which focus on general

aspects of classroom environment (Fraser & Fisher, 1982a).

The latest published version of the ICEQ contains 50 items. Each item is responded
to on a five point Likert-type response scale, and the scoring direction is reversed for

some items. The published version has a progressive copyright arrangement which
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gives permission to purchasers to make an unlimited number of questionnaires and

response sheet copies (Fraser, 1990).

2.3.6 The Constructivist Learning Environment Survey (CLES)

The Constructivist Learning Environment Survey (CLES) was developed with a
psychological view of learning that focuses on students as co-constructors of their
own knowledge and as a response to a need to assess such innovative classroom
environments (Taylor & Fraser, 1991; Taylor, Dawson, & Fraser, 1995h; Taylor,
Fraser, & Fisher, 1997). It was originally developed to measure students’ perceptions
of the extent to which constructivist approaches are present in classrooms (Aldridge,
Fraser, Taylor, & Chen, 2000). A new version of the CLES was developed by Taylor
(1996) to include a theoretical framework from the aspect of critical constructivism.
As well, it was developed to assist researchers and teachers to assess the degree to
which a particular classroom’s environment is consistent with a constructivist
epistemology, and to assist teachers to reflect on their epistemological assumptions
and reshape their teaching practices (Taylor, Dawson, & Fraser 1995; Taylor, Fraser,
& Fisher, 1997).

Because the CLES contained conceptual strength and a psychometric structure, it
was rigorously tested using quantitative and qualitative methods, which led to the
omission of negative and conceptually-complex items. Moreover, items of the same
scale of the CLES were grouped together under a simple scale name to provide a
contextual cue for respondents (Taylor, Dawson, & Fraser, 1995a, 1995b; Taylor,
Fraser, & White, 1994).

The CLES has 30 items including six items reversed, and a five-point frequency
response scale. Recently, the CLES was revised by Johnson and McClure (2002)
leading to a shortened form of the questionnaire where the five original scales were
retained, but the number of items in each scale was reduced from six to four and the
negatively-worded items were eliminated. This 20-item questionnaire is named the
CLES 2.
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2.3.7 The Geography Classroom Environment Inventory (GCEI)

The Geography Classroom Environment Inventory (GCEI) has four scales intending
to investigate computer aided learning classroom environments. The GCEI was
validated by 348 responses from investigating inequities in computer aided learning
in Singapore (Teh & Fraser, 1994b). Later, it was applied in distance education
geography classes at undergraduate levels. Teh (1999) considered internal
consistency and discriminant validity of 92 responses for asynchronous distance
education students in Singapore, and it was found that research of learning
environments was significant in this case because of the rare combination between
geography education research and distance education research in Singapore and
elsewhere. The four scales of the GCEI are: Gender Equity; Investigation; Innovation

and Resource Adequacy.

2.3.8 The Computer Classroom Environment Inventory (CCEI)

The Computer Classroom Environment Inventory (CCEI) assesses students’
perceptions of learning environments, which involve both an inquiry learning
approach and a computerized database use (Maor & Fraser, 1993, 1996). This
questionnaire measures students’ and teachers’ perceptions on five scales with 30
items in total. Some of the items, which are responded to on a five point Likert-type
scale, are reversed. The development of the CCEI was based on the dimensions
outlined by Moos, the existing literature on inquiry learning, quick and efficient
completion and hand score, and salience to teachers and students in the target
audience. Use was made of the CCEI to investigate students’ inquiry skills during a

computerised database program (Fraser, 1997).

2.3.9 The Cultural Learning Environment Questionnaire (CLEQ)

The Cultural Learning Environment Questionnaire (CLEQ) was specifically
developed for the study of cultural sensitivity in education settings. The CLEQ’s
development was guided by six criteria: consistency with the important learning style
dimensions identified by Grashna (1972); coverage of Moos’ general dimensions,

with scales for the CLEQ chosen to include at least one scale from each of Moos’
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three dimensions; consistency with previous learning environment research, and all
relevant scales contained in relevant existing questionnaires designed for assessing
the learning environment were examined for guidance in identifying suitable scales;
consistency with the important cultural dimensions in the unique environment of
multicultural organisations identified by Hofstede (1984); interviews with teachers
and students were used to ensure that the CLEQ’s scales and individual items were
salient; and the CLEQ was designed to have a relatively small number of reliable
scales, each containing a small number of items. The final result was a CLEQ
containing eight scales with five items in each scale, giving an economical total of 40
items. These 40 items not only drew on scales from previous research, but also
included novel scales, which elicit information about the influence of culture on the

learning environment (Waldrip & Fisher, 2000).

2.3.10 The What Is Happening In this Classroom (WIHIC)

The What Is Happening In this Classroom (WIHIC) questionnaire was developed by
Fraser, Fisher, and McRobbie (1996) to combine modified versions of the most
salient scales from a wide range of existing questionnaires with additional scales that
accommodated contemporary educational concerns (e.g., equity and co-operation) to
assess classroom learning environment in a parsimonious way. The original 90-item
nine-scale version was refined using both statistical data from 355 junior high school
science students and extensive interviewing including views of students’ classroom
environments in general, the wording and salience of the individual item and their
questionnaire responses (Fraser, Fisher, & McRobbie, 1996). The final form of the
WIHIC contains seven scales with eight items in each scale. Fraser and Chionh
(2000) successfully used this version with 2,310 high school students in Singapore.
Pickett and Fraser (2002) also used the WIHIC in elementary schools to provide

insight into the effects of a mentoring program for beginning teachers in the USA.

2.3.11 The Distance and Open Learning Environment Survey (DOLES)

In 1995, the Distance and Open Learning Environment Survey (DOLES) was
developed, a pioneering questionnaire combining learning environment research and

distance education research focusing on technology and interaction (Jegede, Fraser,
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& Fisher, 1995). The DOLES was developed in 1995 in order to focus exclusively on
distance education among university students (Fraser, 1998b; Jegede, Fraser, &
Fisher, 1998). Use was made of the DOLES in focusing on World Wide Web-
delivered subjects with a distinct Australasian focus, and considering participants’
perspectives of in primary distance education science classes originating from
Queensland and Western Australian universities (Jegede, Fraser, & Fisher, 1998).
The final version of the DOLES has 52 items providing five core scales and two
optional scales. The core scales are: 1) Student Cohesiveness, 2) Teacher Support, 3)
Personal Involvement and Flexibility, 4) Task Orientation and Material Environment,
and 5) Home Environment. Optional scales are: 1) Student-Centred Environment,

and 2) Technology Resources.

2.3.12 The Socio-Cultural Environment Scale (SCES)

The Socio-Cultural Environment Scale (SCES) measures the socio-cultural factors,
which affect the teaching and learning of science and was developed by Jegede and
Okebukola (1993) for measuring those elements of the socio-cultural environment
which affect significantly pupils’ learning within science classrooms. Jegede and
Okebukola (1993) expected that further research might be recommended to establish
the validity of the SCES or to the SCES with the ultimate objective being to get the
best measure of the socio-cultural environment in science classes. Science teachers
need to be aware of these socio-cultural elements in order to develop intervention
strategies for reducing the anxiety of students. The SCES has five scales with six

items in each scale. The items are scored on a three point Likert type response scale.

2.4 ACTUAL AND PREFERRED FORMS

Although classroom environment questionnaires have been used to investigate
perceptions of ‘actual’ or experienced classroom environment, some classroom
environment questionnaires also have been used to investigate perceptions of
‘preferred’ or ideal classroom environment; such as the Science Laboratory
Environment Inventory (SLEI), the Questionnaire on Teacher Interaction (QTI) and
the CUCE]L, for example. The Preferred Form is concerned with ideal goals and value

orientations in classrooms, and measures the perceptions of the classroom
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environments ideally liked or preferred. Iltem wording in the Actual and Preferred
Forms is slightly different, and instructions are used to detail whether respondents
are rating what the environment is actually like or what they would prefer it to be.
For example, an item in the Actual Form such as ‘I get on well with students in this
laboratory class® is changed in the Preferred Form to ‘I would get on well with

students in this laboratory class (Fraser, 1982a).

In such a way, the Preferred Form is used to explore whether outcomes (for example,
cognitive achievements and attitudes) are better in the classes in which there is a
greater similarity between the actual and preferred learning environment perceived
by the students. Therefore, the researcher can measure the degree to which students
perceive their actual classroom environments to be congruent with these ideal
environments, and how environments can be changed to correspond more closely to
preferred environments. There were past studies that supported this statement. One
such study involving perception of classroom environment by Majeed, Fraser, and
Aldridge (2001) noted that actual-preferred congruence (or person-environment fit)
predicted student achievement in the affective and cognitive outcomes. The more
congruent actual and preferred classroom environments are within the classes, the

more likely the enhancement of student outcomes.

Past use of the SLEI by Wong (1994) indicated that preferred perceptions were
generally more favourable than actual perceptions by students. Moreover, the results
of learning environment research conducted by Fisher and Fraser (1983b), Hofstein
and Lazarowitz (1986), Kim, Fisher, and Fraser (1999), Moos (1974), and Wubbels,
Brekelmans, and Hooymayers (1991) consistently suggested that the students
preferred a more positive classroom environment than the classroom environment

they perceive to be present.

2.5 SHORT AND LONG FORMS OF THE CES, ICEQ AND MCI

There are three questionnaires described in Section 2.3 that have a short form: the
ICEQ, the MCI and the CES (Fraser, 1982b; Fraser & Fisher, 1983a). Fraser (1998a)
consistently noted that there were some researchers and teachers who would prefer

the questionnaires to take less time in administering and scoring. Even though long

28



forms of classroom environment questionnaires have been successfully utilized in
assessing students’ perception of their classroom environments, these still take time,
and are expensive to use. Therefore, the short forms of the CES, ICEQ and MCI
were developed for responding to the needs of researchers and teachers. The
development of short forms of existing questionnaires was based on the three main
criteria. First, the total number of items in each questionnaire was reduced to about
25 to provide greater economy in testing and scoring time. Second, the short form
was designed for easy hand scoring. Third, the short form was developed to have
adequate reliability for students’ perceptions within a class to enable class means to
be used. The short forms of the CES, ICEQ and MCI consist of 24, 25 and 25 items,
respectively (Fraser, 1982b; Fraser & Fisher, 1983a). Despite the quick
administration, easy and low expense associated with use of the short forms, studies
have confirmed the adequate reliability at a class level of these questionnaires (Fraser
& Deer, 1983).

2.6 SUMMARY OF LEARNING ENVIRONMENT QUESTIONNAIRES

The development of the various learning environment questionnaires over the last 30
years has enabled the field of learning environment research to undergo considerable
progress because each of the questionnaires examines a specific aspect of learning
environment. For example, recent classroom environment research has focused on
areas as varied as science laboratory classroom environments (Fraser, Giddings, &
McRobbie, 1993), the interpersonal relationships between teachers and students
(Wubbels, Créton, & Hoomayers, 1992; Wubbels & Levy, 1993), constructivist
classroom environments (Taylor, Dawson, & Fraser, 1995a), cultural factors of the
classroom environments (Waldrip & Fisher, 1996a, b), computer-based environments
(Levine & Donitsa-Schmidt, 1995; Maor & Fraser, 1993; Teh & Fraser, 1994a) and
the conceptualisation, assessment and investigation of perceptions of psychosocial

aspects of the classroom environment (Fraser, 1994; Fraser & Walberg, 1991).

Although in many studies, the learning environment questionnaires are
independently used, some questionnaires are incorporated into other questionnaires
for specific work. For example, Idiris and Fraser (1997) incorporated the CLES and

the ICEQ into a suitable questionnaire to study the learning environment of
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agricultural science classes in Nigeria. This new questionnaire consists of four scales,
namely, Negotiation, Autonomy, Student Centreness, and Investigation and
Differentiation. A questionnaire to cater for the reading ability of middle school
students was developed by Sinclair and Fraser (1997), using scales from the MCI and
the WIHIC. Four scales in this questionnaire are, namely, Cooperation, Teacher

Empathy/Equity, Task Orientation, and Involvement.

It can be said that at present there are many learning environment questionnaires
available for the study of classrooms learning environments. It is clear that all the
learning environment questionnaires are selected for specific research, and perhaps
for describing associations between the students’ perceptions of their learning

environments and their learning outcomes.

The following table of learning environment questionnaires was adapted from Fraser
(1998b) and Rickards (1998) to provide a summary outlining in the major features
and scales of these questionnaires, and a classification of scales according to Moos’
dimensions. The SLEI and QTI are described later because they have been selected

for this study and therefore are discussed in more detail.

Table 2.1
Overview of Scales of Twelve Classroom Environment Questionnaires

Scales Classified According to Moos’ Scheme

Questionnaire Level Items Relationship Personal System and

Maintenance Per Dimensicns Development Change

Dimension Scale Dimensions

Learning Secondary 7 Cohesiveness, Speed, Diversity,

Environment Friction, Difficulty Formality,

Inventory (LEI) Apathy Competitiveness Material
Favouritism, Environment,
Cliqueness, Goal, Direction,
Satisfaction Disorganisation,

Democracy

My Class Elementary  6-9 Cohesiveness Difficulty,

Inventory (MCI) Friction,, Competitiveness
Satisfaction

College and Higher 7 Personalisation, Task Orientation Innovation,

University Education Involvement, Individualisation,

Classroom Cohesiveness,

Environment Satisfaction,

Inventory

(CUCEID)
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Table 2.1 continued

Classroom Secondary 10 Involvement, Task Orientation, Order &
Environment Affiliation, Competition QOrganisation,
Secale (CES) Teacher Support Rule, Clarity,
Teacher Control,
Innovation
Individualized Secondary 10 Personalisation, Independence, Differentiation
Classroom Participation Investigation
Environment
Questionnaire
(ICEQ)
Constructivist Secondary 7 Personal Critical Voice, Student
Learning Relevance, Shared Control Negotiation
Environment Scientific
Survey (CLES) Uncertainity
Geography Secondary 4 Gender Equity Investigation, Innovation
Classroom Resource
Enviroenment Adequacy
Inventory (GCEI)
Computer Secondary 5 Satisfaction Investigation, Material
Classroom Open Endedness Environment
Environment Organisation
Inventory (CCEI}
Cultural Learning  Secondary 8-10 Gender Eguity, Competition Teacher Authority,
Environment Collaboration, Congruence Modelling,
Questionnaire Risk Involvement Communication
(CLEQ)
What Is Secondary 8 Student Investigation, Equity
Happening In Cohesiveness, Task Orientation,
this Classroom Teacher Support, Cooperation
(WIHIC) Involvement
Distance and Tertiary 4-12 Student Task Orientation &  Student Center
Open Learning Cohesiveness, Material Environment,
Environment Teacher Support, Environment, Home Environment
Scale (DOLES) Personal Technology
Involvementd&: Resources
Flexibility
Socio-Cultural Secondary 6 African World Social Expectation  Authoritarianism
Environment Elementary View Goal Structure,
Scale (SCES) Sacredness of
Science

(Source: developed from Fraser, 1998b; Rickards, 1998)

2.7 THE SCIENCE LABORATORY ENVIRONMENT INVENTORY (SLEI)

Not only is the learning environment of general science important in classroom
learning, but the learning environment of the laboratory setting is important too. The
activity or laboratory work, which occurs in the science laboratory classroom, is an
integral part of most science disciplines, but is different from the activity of the
normal classroom. Accordingly, Fraser, Giddings, and McRobbie (1992) indicated

that expectations of the different learning environments was found when practical
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activities in the science laboratory classroom were compared with those of the
typical science classroom. The Science Laboratory Environment Inventory (SLEI)
was specifically developed to assess the environment of science laboratory classes at
secondary or higher education levels. Therefore, it was decided to use the SLEI in

this study and this section discusses the development and applications of the SLEIL

The researchers asked questions like, “What effect does the laboratory activities have
upon student learning?” “Should other outcomes be investigated by a science
laboratory learning environment questionnaire?” The SLEI was constructed to elicit
student perceptions of their science laboratory learning environment to answer such

questions (Fraser, Giddings, & McRobbie, 1995; Fraser & McRobbie, 1993).

2.7.1 The Development of the Science Laboratory Environment Inventory

The initial development of the SLEI was guided by five criteria as follows (Waldrip,
1994, p. 81).

i. Consistency with the literature on teaching and learning in science
laboratory classes.

ii. Consistency  with  already existing learning environment
questionnaires designer designed for non-laboratory settings.

iii. Coverage of Moos’ general categories. For example, the extent of
interpersonal support and help between participants in the laboratory
would belong in the Relationship Dimension, where rules of structure
and response to change would belong in System Maintenance and
System Change Dimension of Moos.

iv. Salience to teachers and students. The development of this aspect of
the SLEI was aided by interviewing science teachers and students at
senior high schools and asking them to comment on draft versions of
items. This attempt was made to ensure that the SLEI” dimensions and
individual items were considered salient by teachers and students.

V. Economy. The SLEI was designed to have a relatively small number
of items in a small number of scales for achieving economy and the

saving of time in responding and scoring the questionnaire.

32



The initial version of the SLEI contained eight scales: Teacher Supportiveness,
Involvement, Student Cohesiveness, Open-Endedness, Integration, Organisation,
Rule Clarity and Material Environment. Each scale contained nine items. This
version of the SLEI was tried out in six countries, namely, Australia, Canada,
England, Israel, Nigeria and the USA with 4,643 students in 225 laboratory classes.
The reliability of each scale was found to vary from 0.56 to 0.81 (Waldrip, 1994).
The first version of the SLEI was developed in a Class Form, which assessed the

individual student’s perception of the class as a whole (Lightburn, 2002).

The SLEI was then refined to contain seven scales with 52 items, the refining being
based on item analysis (Waldrip, 1994). Administration of the 52-item SLEI was
again used with students in six countries (Australia, Canada, England, Israel, Nigeria
and the USA), and it was found that it had satisfactory reliability for use in any of the

six countries in either the actual or preferred version (Waldrip, 1994).

Factor and item analyses of data were then used to refine the 52-item version of the
SLEL Finally, a 34-item version of the SLEI was developed from the 52-item
version, and an extra item included in the 34-item version to produce the 35-item
version. The 35-item version of the SLEI spreads over five scales, and the five
alternative responses for each item are Almost Never, Seldom, Sometimes, Often and

Very Often (Waldrip, 1994).

The meaning of each of the five scales, which are classified according to Moos’
scheme is shown in Table 2.2. Table 2.2 contains a scale description and sample item
for each scale. The reliability of the scales in this 35-item version ranged from 0.62
to 0.82 (Waldrip, 1994).

Learning involves negotiation and consistent building with other learners, and also
involves the personal cognitive process that an individual learner uses to make sense
of world experiences (Tobin, 1993 & Von Glasersfeld, 1989). The SLEI was further
developed to include a Personal Form, which assesses a student’s perception of an
individual’s role within the class. As such, Fraser, Giddings, and McRobbie (1995)
constructed the Personal Form of SLEI, which asked students for their personal

perceptions of the laboratory environment. The example items in Table 2.2 are from
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the Personal Form. The Personal Form of the SLEI exists in both actual and preferred
versions. Although the item wording in the Actual and Preferred Forms are almost
identical, directions for answering the two forms clearly suggest to students whether
they are rating what their class is actually like or what they would prefer their class
to be like. For example, changing “there is...” to “there would be...” is clearly a
change of focus from what actually happens in the classroom to what the student
would prefer to happen in an ideal environment. Appendix A and B contain the

Actual Form and the Preferred Form of the SLEI used in this study.

Table 2.2
Descriptive Information and Sample Item for Each Scale of the SLEI
Scale name Moos Description Sample item
category
Student R Extent to which students know, help and I get along well student in
Cohesiveness are supportive of one another. this laboratory class. (+)
Open- P Extent to which the laboratory activities In my laboratory sessions, the
Endedness emphasize an open-ended, divergent teacher decides the best way for
approach to experimentation . me to carry out the Iaboratory

experiments. (-)

Integration P Extent to which the laboratory activities 1 use the theory from my regular
are integrated with non-laboratory and science class sessions during
theory classes. laboratory activities. (+)

Rule Clarity S Extent to which behaviour in the There is a recognised way for
laboratory is guided by formal rules. me to do things safely in this

laboratory. (+)

Material s Extent to which the laboratory I find that the laboratory is
Environment equipment and materials are crowded when I am doing
adequate. experiments. (-)

R: Relationship dimension; P: Personal Development dimension, 8: System Maintenance and System Change dimension.

Items designated (+) are scored 1,2,3,4 and 5 respectively for the responses Almost Never, Seldom, Sometimes, Often and Very
Often. ltems designated {-) are scored in the reverse manner. Omitted or invalid responses are scored 3.

(Source: adapted from Giddings & Fraser, 1989).
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2.7.2 Review of Past Studies Using the SLEI

As noted above, the development of SLEI was aimed at assessing the science
laboratory classroom environment at secondary or tertiary education levels. Science
laboratory research is not sufficiently advanced to enable determination of the effects
of laboratory instruction on students’ learning and attitudes (DeCarlo & Rubba,
1991; Wong, Young, & Fraser, 1997), but much research has included the SLEI in
learning environment investigation, and has found associations between students’

cognitive and affective outcomes; some of these studies are detailed below.

Fraser, Giddings, and McRobbie (1992) used the SLEI for examining associations
between students® perceptions of the laboratory learning environments and students’
attitudes to laboratory work with a large-scale study at the tertiary level. All the
scales of the SLEI were positively correlated with more favourable student attitudes
to laboratory work, particularly the Student Cohesiveness and Integration scales. On
the other hand, the Open-Endedness scale was related negatively to attitudes for

some student groups.

Giddings and Waldrip (1996) found that the scales of Student Cohesiveness and
Open-Endedness were more favourably perceived in Australian and USA science
Jaboratories than with Asian and South Pacific teachers and students. Their study
suggested that science teachers were largely unconvinced as to the value of open-
ended practical activities in science laboratory classrooms because the Open-
Endedness was similarly perceived in science laboratories with the least favourable

3COTES.

McRobbie and Fraser (1993a) used the SLEI in an investigation with 1,594 senior
high school chemistry students. Students’ perceptions of classroom psychosocial
environments predicted appreciable amounts of variance in students’ outcome
occurred even when students’ ability was controlled. As well, the Integration scale
showed the strongest positive association with both students’ cognitive and

attitudinal outcomes.
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Wong and Fraser (1994) used the SLEI with 1,592 high school chemistry students in
56 classes in Singapore. They found that all scales of SLEI were positively related to
students’ attitudinal outcomes except the Open-Endedness. It was also found that
generally females had more favourable perceptions of their learning environments
than did males on all scales except Open-Endedness, which was perceived more
favourably by the males. Finally, the preferred perceptions were generally more
favourable than the actual perceptions, and only the preferred perceptions were

different in the students in each stream.

Waldrip (1994) studied the effect of specific teaching practices on academic success
with a sample of 3,182 students in Papua New Guinea secondary schools. The
objective of his research was to determine whether an educational productivity model
associated with learning applied to current teaching practices in Papua New Guinea
secondary science laboratory classrooms. The results of this study indicated that
most of the students perceived the Open-Endedness scale with the lowest score, and
boys® attitudes to science were more favourable than those of girls. As well, science
academic achievement, science practical achievement, and attitudes were related to
quality and quantity of instruction, the science laboratory learning environment and
gender. Waldrip® results were similar to those in other countries. For example, male
students did significantly better than female students on external science
achievement examinations, and the female students received better grades on a
practical science process test. Therefore, in current teaching involving science
learning environments, instructors should consider their teaching methods and

environments in classrooms.

McRobbie and Fraser (1993b) used the Actual Form of the SLEI with 4,596 students
in 240 classes in four countries for developing a typology of science laboratory
learning environments. More than 90% of those classes could be assigned to one of
eight distinct typologies, and students’ attitudinal outcomes were found to vary

according to the typology of the class.

Harrison, Fisher, and Henderson (1997) extended this research to investigate student
perceptions of cognitive and practical tasks with a sample including 387 biology,

chemistry and physic students in 20 classes in Tasmania and Australia by using the
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SLEL Quantitative and qualitative methods were combined in their study for
measuring effectiveness of the laboratory-based science courses. They found that the
students perceived physics to be more open-ended than either biology or chemistry;
rule clarity was greatest in the chemistry; and the biology less integrated than either
the physics or the chemistry. As well, Laboratory Structure, Task Analysis Inventory
and Laboratory Task Analysis were seen to be more open-ended when physics was
investigated, and students’ learning outcomes were associated with their classroom

environment perceptions.

Hofstein, Cohen, and Lazarowitz (1996) successfully used the SLEI to identify the
differences between student perceptions in chemistry and biology laboratory
environments. They found that the scales of Integration and Open-Endedness showed
significant differences between chemistry and biology laboratory environments.
Their finding suggested that students’ perceptions of their learning laboratory
environment in different subjects can be determined by the SLEL After that, Hofstein
and Even (2000) used the SLEI in a study of assessment outcomes of inquiry-based
laboratory experiments in high school chemistry in Israel. The chemistry, which was
taught, learned, and assessed improved teachers’ professional development. Due to
the fact that inquiry-type experiments were developed and implemented to chemistry

classes.

Pohl (1999) investigated a field-based environmental setting in a water quality-
monitoring program with 580 students drawn from water quality and non-water
quality-monitoring schools in Australia. Again, there was a direct association
between the quantitative results and qualitative information in relation to the learning

dimension scales of the SLEI.

Lee and Fraser (2001a, b) investigated Korean high school students’ perceptions of
their laboratory classrooms using the SLEL The study involved 439 high school
students from three different streams, in which 145 of those were from a humanities
stream, 195 were from a science-oriented stream and 99 were from a science-
independent stream. The perceptions of the students from the three streams were
compared, and it was found that the students from the science-independent stream

perceived their classroom environments more favourably than did the students in the
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other streams, and answering patterns in the SLEI of the Korean high school students

were similar to those from other countries.

The study of Swain, Monk, and Johnson (1999) reported that Korean science
teachers had a positive attitude to science, and that science practical work was
emphasized in fact and illustration. Swain, Monk, and Johnson (1999) also found that
the Korean science teachers understood motivation to laboratory tasks about what
students already learn in theory lessons, and the learning environment perceptions

among the students from the science-independent stream were positive.

The SLEI has also been used to investigate differences between students in their
perceptions of the actual classroom environment and the environment that they
preferred. Fraser and Fisher (1983a, 1983b) reported that many studies used the
Actual and Preferred Forms of environment questionnaires together to examine
whether students achieve better when the actual classroom environment and that
preferred by students were similar. They suggested that actual-preferred congruence
could be important in predicting student achievement of affective and cognitive aims.
Therefore, changing the actual classroom environment in ways to make it more
congruent with that preferred by the class was likely to enhance student outcomes. In
line with this research, differences between the actual and preferred classroom

environments, as assessed by the SLEI and QTI, were determined in this study.

As can be seen in these previous research studies, the SLEI has the potential to
improve teaching and learning in science laboratory classes (Hofstein & Lunetta,
1982: Lehman, 1989). In addition, recent research on laboratory classroom
environments in Australia has consistently indicated that dimensions of the SLEI are
positively related to students’ attitudinal and cognitive outcomes (McRobbie &
Fraser, 1993a; Fisher, Fraser, & Rickards, 1997) although Fraser (1998a) noted that
associations with both cognitive and affective learning outcomes and the SLEI scales

does not seem to have been investigated at the tertiary level.
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2.8 CONCEPTUAL FRAMEWORK FOR INTERPERSONAL BEHAVIOUR

This section discusses the development and theoretical background of the
Questionnaire on Teacher Interaction used for the assessment of teacher-student

interpersonal behaviour.

In the past two decades, some research studies have involved cognitive-behavioural
psychology on the impact of an emotionally supportive environment on cognitive
processing, where researchers have tested the proposition that supporting
environments produce improved affective and cognitive outcomes (Neville, n.d.).
Neville (n.d.) also noted recent research on the impact on different classroom
learning environments of a teacher’s friendliness, and support of students’ learning.
Interpersonal teacher behaviour affects student outcomes, for example strict,
leadership and friendly behaviours of the teachers are positively associated with
student cognitive outcomes (Wubbels, 1993). Consequently, besides the use of the
SLEI in assessing laboratory classroom environments in this study, the QTI was

incorporated for assessing interpersonal behaviours between teacher and students.

2.8.1 The System Theory of Communication Model

The system theory of communication model was used by Wubbels, Créton, and
Holvast (1988) to investigate teacher behaviour in classrooms from a systems
perspective. The systems perspective which the Dutch researchers investigated was
called “the interactional aspect of teacher behaviour™ (Rickards, 1998, p. 40). This
was approached using a theory on communication developed by Watzlawick,
Beavin, and Jackson (1967) to describe teacher behaviour within a classroom setting
(Goh & Fraser, 2000). Communication in this theory is seen as a circular process,
that is “changes in one aspect affect changes in another” (Goh & Fraser, 2000, p.
219). This assumes that the behaviours of participants influence each other.
Therefore, the behaviour of the teacher is influenced by the behaviour of the students
and this in turn influences student behaviour. That is, the circular communication
processes include the behaviour and the determining behaviour because the
behaviour of the teacher determines, and is determined by the students’ behaviour
(Rickards, Fisher, & Fraser, 1996; Goh & Fraser, 2000).
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In order to explain more clearly the nature of teacher interaction within a conceptual
framework, Wubbels, Créton, and Hooymayers (1985) developed a model to map
interpersonal teacher behaviour which was based on the work of Leary (1957). This
model has been used in the development of the Questionnaire on Teacher Interaction
(QTI) (Rickards, Fisher, & Fraser, 1996) which is used to gather students’ and
teachers’ perceptions of interpersonal teacher behaviour (Wubbels, Brekelmans, &

Hooymayers, 1991; Wubbels & Levy, 1993).
2.8.2 Leary’s Model for Interpersonal Behaviour

Originally, Leary and his coworkers suggested a 16 dimension model with two levels
of behaviour (Leary, 1957). The dimensions of level one behaviour were classified in
interpersonal gestures or reflexes. The dimensions of level two behaviours were
classified in terms of interpersonal attributes or traits. These dimensions are shown in

Figures 2.1 and 2.2 respectively.
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Figure 2.1. Classification of interpersonal behaviour into sixteen mechanisms or reflexes.

{Source: Leary, 1957, p. 635)
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Figure 2.2. Level two classification of interpersonal behaviours into sixteen variable

categories.

(Source: Leary, 1957, p. 135)

The interpersonal behaviour work of Leary occurred within the clinical psychology
field and was described as being related to communication that was overtly,
consciously, ethically or symbolically transmitted to another human being (real,
collective or imagined). The way people communicate with other humans represents
their personality. Anxiety is defined to be a major component shaping interpersonal
behaviour of a person according to Leary, and as such is a strong force.
Communication can reduce anxiety for the person, and will become a major factor in

their personality (Cresswell & Fisher, 1996).

Therefore, an individual shows more interpersonal behaviours that reduce anxiety
and increase or maintain self-esteem. A pattern of communication is then constructed
based on this assumption. The 16 dimension model, developed by Leary and his co-
workers, was then reduced to the eight-dimensional model of interpersonal behaviour
and plotted on a two-dimensional coordinate system as shown in Figure 2.3

(Wubbels, Créton, & Hooymayers, 1985). The two-dimensional coordinate system of
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interpersonal behaviours was labeled as “Affection-Hostility” and *“Dominance-

Submission” (Leary, 1957).

Wubbels, Brekelmans, and Hermans (1987) adapted this version of the Leary model
in a general framework of eight dimensions, but some labels were redefined and
modified. This model referred to two primary dimensions: an Influence dimension
(Dominance, D - Submission, S) and a Proximity dimension (Cooperation, C -
Opposition, Q). The Influence dimension was described as measuring dominance and
submissiveness in a relationship. The Proximity dimension was described as
measuring the degree of cooperative or oppositional behaviour between those
communications. Figure 2.3 shows the two-dimensional model as adapted by

Wubbels and Levy (1993).

DOMINANCE

r—e—— PROXIMITY >

OPPOSITION
NOLLVdHdO0D

<—{NFLUENCE—

SUBMISSION

Figure 2.3. The two-dimensional coordinate system of the Leary model.

(Source: Wubbels, Créton, Levy, & Hooymayers, 1993, p. 15)

2.9 THE DEVELOPMENT OF THE MODEL FOR INTERPERSONAL
TEACHER BEHAVIOUR

From Figure 2.3, the two primary dimensions can be divided into eight sections in a

coordinate system as shown in Figure 2.4.
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OFPFOSITION

COOPERATION

SUBMISSION

Figure 2.4. The model for interpersonal teacher behaviour.
(Source: Wubbels, 1993)

Each sector in Figure 2.4 describes the different types of teacher behaviour. Each
instance of the teacher behaviour can be placed in eight sectors when this model is
used. DC, CD, CS, SC, SO, 08, OD and DO labels in the sections of the model for
interpersonal teacher behaviour are defined in terms of typical behaviours within a
category. For example, the DC label is the Dominant-Cooperative sector, but more
dominant than cooperative for the teacher perceived by students. The DC label
indicates a strong leadership character of the interpersonal behaviour in this sector
(Goh & Fraser, 2000). This model is called a circumplex model because adjacent
sectors in this model represent similar interpersonal behaviours whilst opposite
sectors represent the opposite behaviours. This model led to the development of the

Questionnaire on Teacher Interaction (QTI) (Wubbels & Levy, 1993).
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2.10 THE DEVELOPMENT OF THE QUESTIONNAIRE ON TEACHER
INTERACTION (QTT)

The QTI was first developed in The Netherlands (Wubbels, Créton, & Hooymayers,
1985). The original form was written in Dutch, but it has been translated into English
and used both in the USA (Wubbels & Levy, 1989, 1991) and Australia (Fisher,
Fraser, Wubbels, & Brekelmans, 1993). The QTT originally consisted of 77 items by
incorporating about 10 items in each scale, and reduced to 64 items in an English
version and then administered in the USA. Both the 77 item and 64 item variations of
the QTI were developed for educational research in secondary schools and used a
five-point response format (Wubbels, 1993). Later, it was modified into a 48-item
English version, the eight scales consisting of six items each, enabling secondary
school teachers to obtain feedback on their own interpersonal relationships in
classrooms (Goh & Fraser, 2000). This version has been used increasingly in
Australia (Fisher, Fraser, & Rickards, 1997; Fisher, Fraser, & Wubbels, 1993; Fisher,
Henderson, & Fraser, 1995; Wubbels, 1993). This 48-item version formed the basis
of the Thai version used for my study.

The eight sectors shown in Figure 2.4 are explained in Table 2.3 that characterises
interpersonal behaviour in each sector by providing a scale description, along with a
sample item for each scale. In all versions of the QTI, responses to the items are
given on a five-point Likert scale, scoring from 0 (Almost Never) to Very Often (4)

on the questionnaire.
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Table 2.3

Description of Scales and Sample Items for Each Scale of the QTI

Dimension or scale name

Description of scale
{the extent to which the teacher...)

Sample item

Leadership

Helping/Friendly

Understanding

Student Responsibility&

Freedom

Uncertain

Dissatisfied

Admonishing

Strict

...leads, organises, gives orders,
determines procedure and structures
the classroom situation

...show interest, behaves in a
friendly or considerate manner and
inspires confidence and trust.

...listens with interest, empathises,
shows confidence and
understanding

...gives opportunity for independent
work, gives freedom and
responsibility to students.

...behaves in an uncertain manner
and keeps a low profile.

...expresses dissatisfaction, looks
unhappy, criticises and waits for
silence.

...gets angry, express irritation and
angry, forbids & punishes.

...checks, maintains silence and
strictly enforces the rules.

This teacher talks enthusiastically
about his/her subject

This teacher heips us with our work.

This teacher trusts us and is open
with students.

We can decide some things in this
teacher’s class.

This teacher seems uncertain.

This teacher thirnks that we cheat.

This teacher gets angry
unexpectedly.

This teacher is strict.

Ttems are scored 0, 1, 2, 3, and 4, respectively, for the responses Almost Never, Seldom, Sometimes, Often, Very
Often.
{Source: adapted from Wubbels, 1993)

The QT has also been developed in an Actual, a Teacher and an Ideal Teacher Form.
The Actual Form examines the students’ perception of the actual teacher-student
interpersonal behaviour whilst the Teacher Form examines the teachers’ perceptions
of his/her own behaviour and the Ideal Teacher Form examines what relationships
the student would like to see in his/her ideal teacher. There are differences of the
words that are used among the three forms of the QTI. For example, “This teacher
trusts us”, the item in the Actual Form is, “I trust students™ in the Teacher Form and
is, “This teacher would trust us” in the Ideal Teacher Form. Appendices C and D of

this thesis have copies of the Actual and Ideal Forms, respectively, of the QTL.
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The three forms of the QTI can be used to collect data for describing various
teachers’ behaviours, teachers’ self perceptions and ideal teacher behaviour. Figure
2.5 represents the details of a teacher in graphical type showing how he/she sees

himself/herself, the teacher’s perception of an ideal teacher and how his/her students
see him/her.

Students' Perception

Figure 2.5. Use of three profiles.
(Source: Fisher, Fraser, & Cresswell, 1995, p. 13)

2.11 THE DEVELOPMENT OF THE PRINCIPAL INTERACTION
QUESTIONNAIRE (PIQ)

Not only, can the QTI be used to measure a teacher’s interpersonal behaviour with
students, but the Principal s Interaction Questionnaire (P1Q) can be used to measure
a principal’s interpersonal style with teachers. For measuring the principal’s
interaction style with the teachers, the PIQ was developed from a 48-item version of

the QTI, and has the same eight scales as the QTIL. The PIQ was first devised in
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Dutch and American versions by Kremer-Hayon and Wubbels (1993). Then, these
versions were translated into Hebrew with 62 items, and the 62 items were responded
to by 96 teachers in Israel. The final form of PIQ consists of six items within each of

eight scales for measuring interpersonal behaviour (Cresswell & Fisher, 1996).

2.12 REVIEW OF PAST STUDIES USING THE QT1

This section discusses use of the QTI in similar ways and purposes to the SLEI, and
is divided into three sub-sections: Australian studies, overseas studies and sex and

cultural differences in students’ perceptions of teacher interpersonal behaviour.

2.12.1 Australian Studies

Fisher and Rickards (1996) studied teacher-student interpersonal behaviour with 405
students in nine schools with their 21 teachers of mathematics classes in Australia
using the QTI. Students’ attitude scores were higher in classrooms when they
perceived greater leadership, helpful/friendly and understanding behaviours from
their teachers. However, the students’ attitude scores were lower when students
perceived greater admonishing, dissatisfaction, uncertain and strict behaviours from
their teachers. In addition, the results also showed that the teachers’ own perceptions
and teachers’ ideal behaviour were an important base for the teachers’ self-reflection

on teaching performance in order to create a more desirable classroom environment.

Rickards and Fisher (1998) also assessed a sample of 153 teachers and their 3,515
students from 164 secondary school science classes in 35 schools in Australia by
using three forms of the QTI (Actual, Teacher and Ideal Teacher). Teachers had a
tendency to perceive their classes more positively than did the students, and the

students perceived ideal teachers more positively than their actual teachers.

Rawnsley (1997) focused on 490 grade 9 mathematics students in 23 classrooms in
14 schools in Adelaide, South Australia in order to examine student perceptions of
mathematics learning environments by using the QTI. The results revealed that the

significant associations between student perceptions of mathematics learning
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environment and attitudinal outcomes was stronger than it was for cognitive

outcomes.

Use was made of the QTI to compare students’ profiles and teacher’s profile of
interpersonal teacher behaviours. These two profiles can be used as the basis for
reflection and subsequent action between teachers. The QTI was used in an
Australian study with science teachers in order to provide the teacher with
opportunity for professional development. After having completed the QTI, the
science teachers were stimulated to reflect on their own teaching and verbal
communication in a classroom. As one teacher said, she had become more aware of
her students’ need for clear communication, and arrived at a new point in improving

her teaching strategies (Fisher, Rickards, & Fraser, 1996).

Kent, Fisher, and Fraser (1995) used the QTI to assess the relationships between
teachers and students in classrooms in the secondary college sector (grades 11 and
12) in Australia. The QTI was used to compare the teacher’s own perceptions with
students’ perceptions. The individual teacher’s personality was found to be
associated with teachers being friendly, helpful and giving freedom, responsibility
and opportunity for independent work in class. As well, teacher personality seemed
to be related to teacher self-perceptions of uncertainty in the classroom, of

maintaining a low profile, and being passive.

When the QTI (Fisher, Fraser, Wubbels, & Brekelmans, 1993) was used with the
School Level Environment Questionnaire (SLEQ) to investigate associations
between teachers’ perceptions of their environments and students’ and teachers’
perceptions of their classroom interactions (Fisher & Fraser, 1990), no significant
scores between the SLEQ and QTI were found. It was suggested that teachers had the
freedom to adapt their individual classrooms despite the school environments

(Fisher, Fraser, & Cresswell, 1995).

Rickards, den Brok and Fisher (2005) used the QTI to examine students' perceptions
of teacher—student interpersonal behaviour in Australia and generated science teacher
typologies. This study investigated the extent to which typologies found in earlier
studies (The Netherlands and the USA) also applied to a sample of Australian
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secondary school science teachers. This finding result was that the Australian

typologies were comparable these with the earlier studies.

2.12.2 Overseas Studies

The QTI was used to develop typologies with student perceptions of interpersonal
teacher behaviours in The Netherlands (Wubbels, Brekelmans, Créton, &
Hooymayers, 1990). A cluster analysis distinguished characteristic teacher types as
directive, authoritative, tolerant/authoritative,  tolerant,  uncertain/tolerant,
uncertain/aggressive, repressive, and drudging. The teacher types associated with
greatest cognitive and affective achievement of students, were the directive and
tolerant/authoritative types. In contrast, the uncertain/aggressive and uncertain/
tolerant teacher types were associated with lowest student gains (Fisher, Fraser, &

Cresswell, 1995).

Studies in The Netherlands have indicated that teachers who demonstrate, strict,
leadership and helpful/friendly behaviour enhance the cognitive outcome scores of
their students. On the other hand, student responsibility and freedom, uncertain and
dissatisfied behaviour are negatively related to cognitive achievement (Wubbels,
Brekelmans, & Hooymayers, 1991). Student attitudes also are strongly related with
interpersonal teacher behaviours (Wubbels & Levy, 1993). Teachers who show more
cooperative behaviour in classrooms can enhance student attitudes (Wubbels,
Brekelmans, & Hooymayers, 1991). This means that student attitudes relate
positively to student responsibility and freedom, understanding, helping/friendly and
leadership behaviours. However, student attitudes relate negatively to uncertain,

dissatisfied admonishing and strict behaviours (Wubbels & Levy, 1993).

Wubbels and Levy (1991) undertook a cross-cultural study in order to compare
students’ perceptions of the interpersonal teacher behaviours between American and
Dutch teachers, by using the QTI. Few differences were found, but the American
teachers perceived greater emphasis on strictness than the Dutch teachers, and the
American teachers perceived less emphasis on student freedom and responsibility

than did the Dutch teachers.
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Using the QTI in the USA, Levy, Créton, and Wubbels (1993) investigated students’
ratings of their best and worst teachers. Students’ opinions indicated the best teachers
as being strong leaders, friendly and understanding, and the worst teachers as being
more admonishing and dissatisfied. Students’ perceptions of their actual teacher did

not reach their ideal teacher.

Slater (2000) tested the Transactional Analysis (TA) process in order to improve
student outcomes in science and mathematics, enhance interpersonal relationships
and promote positive behaviour. He used the QTI, the Coopersmith Self-Esteem
Inventory (School Form) and the Mooney Problem Checklist in this study. A sample
of 1,260 students in New Zealand indicated that academic results improved with
better teacher-student interactions, Also, science teachers had better interpersonal
relationships than did mathematics teachers. In addition, the students preferred the
behaviour of an ideal teacher to be understanding, helping/friendly, and showing

leadership and strict behaviours.

Kim, Fisher, and Fraser (2000) investigated associations between students” attitudes
to science and perceptions of classroom environments with 543 students in 12
Korean schools. They reported that the interpersonal behaviour of science teachers
was directive with less leadership, helping/friendly, and understanding behaviours
than was shown in classrooms in Australia and Singapore (Rickards, Riah, & Fisher,
1997). When simple and multiple correlation analyses were investigated, positive
relationships emerged with the Leadership, Helping/Friendly, Understanding and
Student Responsibility/Freedom scales of the QTI but negative relationships emerged
with the Uncertain, Dissatisfied, Admonishing and Strict scales of the QTIL.

Scott and Fisher (2000) investigated students’ perceptions of science teachers’
interpersonal behaviour with a sample of 3,104 students in 136 classrooms in 23
typical, co-educational government primary schools in Brunei Darussalam by using
the 48-item Australian version of the QTI. The students enjoyed science lessons, and
perceived the teachers mostly as good leaders, helping/friendly, understanding and
strict, seldom allowing student responsibility and freedom, seldom uncertain or

dissatisfied and seldom admonishing. Moreover, a statistically significant correlation
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between external examination scores and helping/friendly, understanding and

uncertain behaviour were indicated.

Soerjaningsih, Fraser, and Aldridge (2001) studied relationships between students’
outcomes and the quality of teacher-student interactions using 422 students from 12
classes in a private university in Indonesia by using the QTI. They also examined
associations between perceptions of students attending the Computer Science
department and the Management department (in terms of a lecturer-student
interpersonal behaviour) at this Information Technology University in Jakarta. It was
found that positive interpersonal lecturer behaviour related to students’ course
achievement scores and to the Attitudes towards Internet scale. In addition, positive
ability related to the Attitude towards Internet scale, and the students’ perceptions to
lecturer behaviours were not related to the Leisure Interest in Computer scale.
Therefore, the lecturer-student interpersonal behaviour was most likely to enhance

student outcomes in computer-related courses.

Levy, Wubbels, den Brok and Brekelmans (2003) also assessed variables associated
with differences in students' perceptions of interpersonal teacher behavior. Samples
of 3,023 students and 74 teachers in 168 classes in seven secondary schools were
used in this study. This study found that: 1) several variables are significantly related
to students' perceptions; 2) there were interaction effects between some variables,
such as student ethnicity and student gender, as well as student and teacher gender;
and 3) the outcomes generally confirmed earlier research, in particular the study
provided further support for the complex and interactive nature of students'

perceptions of the learning environment and researchers' understanding of it.

There was a study in school certificate examination to ascertain the quality and
quantity of teacher-student-material interactions and the nature and extent of the
relationships among classroom interaction patterns, teacher and siudent
characteristics and students’ learning outcomes in physics (Kalu & Ali, 2004). The
study used seven research questions and 27 hypotheses to guide 516 Senior
Secondary One (SSI) students (239 boys and 277 girls) and 15 physics teachers
drawn from 15 selected secondary schools constituted through a purposive sampling

technique. They collected data with six instruments and analysed the resulting data
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using simple percentages, Pearson product moment correlations and canonical
analysis. They found that the interaction pattern during the physics lessons was
directly influenced by the teacher. The mean frequency of teacher and student
questions were, respectively, 11.32% and 0.69% of the total class time. Teachers’
open and closed questions took about 2.99% and 8.33% of the class time,
respectively. Students spent 7.49% of the class time responding to teachers’
questions. Seven interaction behaviours occurred much more frequently in Girls-only
schools while only four interaction behaviours occurred much more frequenily in
Boys-only schools. In mixed schools, boys had a greater proportional share of
interactions in all the behavioural dimensions except teacher criticism and
supervision of students. Physics teachers’ experience and students’ pre-instructional
attitude towards physics correlated significantly with students’ post-instructional
attitude. Students’ prior knowledge of physics, SES, achievement motivation, general
ability and classroom interaction pattern correlated significantly with their academic
achievement in physics. About 86% of the variance of the students’ learning
outcomes as a set was redundant with the variance of interaction patterns - the
comparative affective/cognitive outcomes press, the low academic task achievement
press, and the general academic achievement press. The three factors respectively
contributed 38%, 21% and 27% of the common variance of the two sets (teacher and

student characteristics) of variables.

Sztejnberg, Brok and Hurek (2004) investigated differences between students'
perceptions of their best teachers in primary and higher education in Poland. They
conceptualized the behaviour of the teacher in term of the teacher-student
interpersonal relationship as described in terms of the eight behavioral sectors
leadership, helpful/friendly, understanding, student responsibility/freedom, uncertain,
dissatisfied, admonishing and strict and the two independent dimensions of Influence
(teacher dominance vs, submission) and Proximity (teacher cooperation vs.
opposition). Data were gathered from 199 higher education students, 173 students
from a higher vocational institute and 26 students from one university, and 105 from
primary education students. Results revealed that when students were asked for their
preferred teaching, differences were found between the perceptions of students at the

primary and tertiary levels of education.
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2.12.3 Sex and Cultural Differences in Student Perceptions of Teacher

Interpersonal Behaviour

Rawnsley (1997) reported that some studies reported on ways in which cultural and
language factors influenced students’ perceptions of interpersonal teacher behaviour.
As an example, Levy, Wubbels, Brekelmans, and Morganfield (1994) investigated
the perceptions of students from different cultures in America. Their results indicated
that the students who were from Hispanic or Asian cultures brought cultural
understandings into a classroom, and this influenced their perceptions of the
teachers’ behaviours. Moreover, teachers were often unaware of the influence of
culture, and the students often perceived the teachers’ behaviours differently from
the perception of other students. Therefore, culture was significant variable

influencing students’ perceptions of teachers’ communication.

The research of Rickards, Fisher, and Fraser (1996), namely, “gender and cultural
differences in teacher-student interpersonal behaviour” investigated lower secondary
science and mathematics classrooms with 3,994 students in 182 classes in 35 schools
in Tasmania and Western Australia by using the QTI. Combining qualitative and
quantitative methods of data collection, this study found that the females perceived
the teacher-student interpersonal behaviour in a more positive way than did the
males. Also, the results from this study indicated that students from an Asian
background perceived their teachers more positively than did those from other

cultural groups.

Ferguson (1998) studied students’ perceptions of a generalist learning environment
in the final stage of primary school compared to same students in the initial term of
secondary school with 1,500 students in Tasmania, Australia using the MCI and the
QTI. The student perceptions of learning environments changed across transition,
and some scales of the student perceptions changed with school size, pathways and
with student sex. This study indicated that changes from grade 6 to grade 7 science
classes, boys perceived a greater reduction of the MCI in the Friction scale whilst
girls perceived a greater reduction in the Difficulty and Cohesiveness scales. For the

QTI, girls perceived a much greater reduction in the Understanding scale and a
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greater increase in the Dissatisfied scale. Boys perceived a reduction in the

Admonishing scale from grade 6, but girls perceived an increase.

It can be concluded that there are many ways in which the QTI can be used by
researchers and teachers in classroom settings. Information from the QTI can be a
valuable source of data for researchers or teachers regarding interpersonal behaviours
between a student and teacher, and self-interpersonal behaviour by the teachers,
enabling the teachers to improve their teaching methods. Also, differences between

groups in the classroom can be investigated.

2.13 ASSOCIATIONS BETWEEN CLASSROOM ENVIRONMENT AND
STUDENT OUTCOMES INCORPORATING THE SLEI AND QTI

Some research studies have investigated associations between student outcomes and
classroom environments both in science laboratory class settings, and in general
science classrooms. Although much research has been done on educational
environments, less has been done involving the incorporation of two questionnaires

in the same research, especially in Thailand.

Henderson, Fisher, and Fraser (1995) included student perceptions of interpersonal
teacher behaviour and student perceptions of laboratory environment in one study
that involved investigating outcome-environment association with a sample of 489
students in 28 biology classes in Tasmania, Australia. Many aspects of teacher
interpersonal behaviours and the laboratory learning environments were found to be
associated with students’ attitudinal outcomes. Student perceptions of the teacher’s
strong leadership, a greater degree of integration of practical and theory work in a
course, and a higher level of rule clarity were particularly associated with favourable
student attitudes. As well, the students preferred a more positive learning
environment than they actually perceived. According to this study, the teachers’
leadership, students’ perceptions of more responsibility and freedom and the
integration of practical and theory components in the course were associated with
favourable achievement outcomes. On the other hand, a more strict behaviour of the
teacher, more rule clarity and a more open-ended approach to the course were

negatively associated with student achievement.
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Use was made of the QTT associated with the SLEI for studying chemistry laboratory
classroom environments in secondary schools in Singapore by Wong and Fraser
(1996). They noted that students from different streams differed in their preferred
perceptions, and student affective outcomes were associated with perceived
environments of chemistry laboratories. As well, gender differences in perceptions

emerged in that females had more favourable perceptions than did males.

A research study, using the SLEI and QTI, and involving a sample of 644 grade 10
chemistry students from 23 schools in Brunei Darussalam (Riah & Fraser, 1997,
1998) revealed that the students perceived chemistry theory classes and laboratory
classroom environments in a positive way, and students’ perceptions of chemistry
classroom environments were associated with students’ learning outcomes. The
Understanding scale of the QTI was positively associated with students’ attitudinal
and cognitive outcomes. Also, the Open-Endedness scale of the SLEI was positively
associated with the students’ attitudinal outcomes. However, the Open-Endedness
scale was negatively associated with achievement in chemistry. The Student
Cohesiveness scale of the SLEI was also positively associated with the students’
cognitive outcomes, but it was negatively associated with the students” attitudinal

outcomes.

One learning environment research study, namely, “assessment description and
effects of science classroom environments in Korea” was undertaken by Lee (2001),
who used the SLEI and QTI in order to investigate associations between students’
attitude towards science and their perceptions of the classroom environment. In
addition, the Test Of Science Related Attitudes questionnaire (Fraser, 1981) was also
employed. The sample included: 99 students from a science-independent stream, 195
students from a science-oriented stream and 145 students from a humanities stream.
The results showed that typical laboratory lessons in Korean high school were
closed-ended and highly integrated with theory lessons; equipment was in poor
condition; and Korean high schools students were taught by directive and strict
teachers. Moreover, the science-independent students perceived their environments
more favourably than did student classes in other two streams. The science-oriented
stream students perceived more cooperative behaviours and less opposition

behaviours than did the students in the other two streams. This study also included a
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survey, interview and observations for obtaining a comprehensive picture of the

Korean science classroom.

The study of Quek, Wong, and Fraser (2001) involved 497 final year secondary
school chemistry students from 18 classes in three independent single-sex schools in
Singapore. Nine classes consisted of gifted students in the Gifted Education
Programme (GEP) and nine classes consisted of non-gifted students in an Express
stream. The study also confirmed the reliability and validity of the SLEI and the QTI
for use in gifted chemistry laboratory classrooms. Associations occurred between the
nature of the laboratory classroom environment and students’ attitudes towards
chemistry, and between interpersonal behaviour of chemistry teachers and students’
attitudes towards chemistry. Findings from the SLEI indicated educators need to
create a more open-ended learning environment for teaching and learning chemistry
in their secondary school. Thus, a chemistry curriculum might be redesigned to
reduce the amount of direct instruction, and infusing creative and critical thinking
skills into both theoretical and laboratory work. Additionally, the result of the study
suggested that teachers should incorporate more real-life investigation work into
laboratory activities and build in more opportunities for co-worker learning among
the gifted students in their classroom, so helping the teachers to encourage more
positive attitudes to chemistry in the students. Because the teachers found the Open-
Endedness dimension positively associated with the students’ attitude outcomes
towards the gifted, the gifted should be taught by such divergent approaches for a
thriving study (Quah & Teo, 1994).

A recent study identified and created learning environments for improving
participation, achievement, and gender equity in science subjects in Tasmanian
secondary colleges by using the SLEI and QTI (Horsham, 2001). The research plan
was divided into three phases. A data collection of phase 1 involved science student
Jearning, achievements, and attitudes and retention rates in year 11 students. The
purpose of this part was to interview science and non-science students for guiding
questionnaire development. In phase 2, data were included describing the validation
of questionnaires and the investigation of associations between actual learning
environment, actual-preferred congruence and outcome measurement, and an

integration of quantitative and qualitative information. During phase 2, interviews
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were completed with a total of 80 students, (10 students were from each secondary
college) who did not continue with their study in year 12. The students were
interviewed to ascertain reasons for their dropping out of science or from secondary
college. Some said their reason was that they no longer needed science to pursue
their chosen career path while others had lost interest in their science classes and
thought another subject would be more interesting. An intervention phase involved
attempts to change the classroom learning environments of four typical science
teachers from each secondary college (32 classes altogether). The 32 teachers had a
meeting to discuss and interpret, the results of the quantitative and qualitative data.
This research combined the quantitative and qualitative methods in the classroom
environment research as suggested by Fraser and Tobin (1991), Fisher and Fraser
(1997) and Tobin and Fraser (1997).

Puacharearn (2004) assessed the effectiveness of constructivist teaching on
improving learning environments in Thai secondary school science classrooms
using the Student Actual and Preferred Forms of the Constructivist Learning
Environment Survey (CLES). She completed the study in three phases. First, the
CLES was used to assess students’ perceptions of the actual and preferred classroom
environment through the constructivist perspective and validated for use in Thailand;
Secondly, Thai secondary school science classrooms were described using
quantitative and qualitative methods. Thirdly, she evaluated the use of constructivist
teaching for promoting improvement in classroom environments through an action
research process, involving the use of feedback on actual and preferred classroom
environments. The sample consisted of seven secondary school science teachers and
their 17 classes of 606 students in Nakornsawan Province, Thailand. The results
showed that changes in classrooms could improve classroom learning environments

and students’ attitudes towards science in Thailand.

Chantavong (2005) examined the efficiency of a computer-assisted instruction
software package along with students’ opinions about the use of this software with
1,285 students in 38 statistics classes in Rajabhat Institute, Thailand using the
Questionnaire on Teacher Interaction (QTI) and the College and University
Classroom Environment Inventory (CUCEI). He adopted a quantitative methodology

supported by the collection of some qualitative data for use in the study. Pre and
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post-test score means, along with qualitative feedback from students confirmed that
the computer-assisted instruction software unit Hypothesis Testing was shown to be

an effective resource for encouraging students’ knowledge of statistics.

Overall, it can be noted from research studies that it is more useful for teaching and
learning if we incorporate the SLEI and QTI in a same study involving laboratory
chemistry environment. Because classroom environments strongly influence student
achievement, it should be recognised that interpersonal behaviours between students
and teachers are important determinants of student outcomes. By adapting the nature
of the interpersonal relationships between students and teachers in classrooms, and
by presenting laboratory activities that promote class cohesion and relate to what
students learn in theory classes, student outcomes can be enhanced. As well, a
combination of the qualitative and quantitative methods in the same study will be

helpful for researchers wishing to undertake a more comprehensive study.

2.14 CHAPTER SUMMARY

This chapter has discussed the historical background and development of the SLEI
and QTI, and noted previous studies which used the SLEI and QTI for gauging
students” perceptions of their classroom environment and teacher-student
interpersonal behaviour. Effects on students’ cognitive achievement, practical
outcomes and their attitudes to the subject were also noted. As well, it has discussed
incorporating both the SLEI, the QTI and student outcomes in the same study. Again,
it has underlined the value of including qualitative methods in the studies in order to

provide a wider more comprehensive picture.

The research described in this thesis is distinctive because it associates the response
of students to the SLEI and the QTI with the assessment of student science attitudes
and measurement of cognitive and practical outcomes. In addition, this research is
unique in that it investigates tertiary science classes in Thailand and has practical
applications in classrooms. The value of this research study is enhanced by previous
research findings that there are associations between teacher-student interpersonal
behaviours, learning environment classrooms, science attitudes, and cognitive and

practical achievements.
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The next chapter of this thesis describes the methodology used in the study,

including details about how the study was administered.
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CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

The previous chapter of this thesis provided a literature review which centred on
studies describing learning environment research. In addition, the development of the
SLEI and QTI was detailed, and associations between students’ perceptions of the

classroom environment and student outcomes were revealed.

With recent developments in the field of learning environment of research in mind,
quantitative and qualitative methods have been introduced into this study to provide
a more comprehensive picture of classroom learning environments. This chapter will
reveal how this study was carried out with validity, clarity and precision. This is the
first study that has been conducted with a sample of tertiary students at Rajabhat
Universities in Thailand using the Chemistry Laboratory Environment Inventory
(CLEI) and the Questionnaire on Teacher Interaction (QTI) with students in physical

chemistry laboratories. Qualitative methods of data collection also were employed.

3.2 PREPARATION FOR THE STUDY

As mentioned previously in the introduction, this study used some of the variables
and methodologies of previous studies in this investigation. The physical chemistry
laboratory is a central aspect of this study, and the investigation of students’
perceptions of the classroom-learning environments is a goal of this study. Two
different methodologies are employed in this study to achieve a more complete
picture of physical chemistry laboratory learning environments. The advantage of the
quantitative method is to measure students’ perceptions and students’ outcomes and

the questionnaires used for these quantitative measurements are the CLEI (Wong,
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Young, & Fraser, 1997), the QTI, attitudes to physical chemistry laboratory class,
performance on an external examination test and performance on a practical test. In
addition, qualitative methods, which included interviews and stories written about
classroom environments provide a more comprehensive descriptive of the leamning

environments.

Initially, the English versions of the CLEI and QTI were translated to Thai versions
by Thai teachers from Nakhon Sawan Rajabhat University. Then, an independent
back translation of the Thai versions to the English versions was done by an
individual who was not involved in the original translation. This was to ensure that
items retain their original meanings. Two forms of the CLEI and the QTI, the actual

and the ideal/preferred, were used in this study.

After that, the supervisor and I checked the back translations against the original
English versions and modified the Thai translation where necessary. This ensured

that items suited the Thai students, to whom English is a second language.

The students’ attitudes to their physical chemistry laboratory class were assessed
with a ten-item scale based on the Test Of Science Related Attitudes (TOSRA)
(Fraser, 1981; Fisher, Henderson, & Fraser, 1995). The English version of the
Attitude Scale was translated into a Thai version using the same translation
procedure as mentioned before. Moreover, the word “science” in those scales was

replaced with “physical chemistry laboratory™.

The external examination and practical test performances were included in order to
investigate students’ cognitive achievement and practical outcomes. The practical
test for the performance, which was used in this study, was based on the Practical
Test Assessment Inventory (PTAI) (Tamir, Nussinovitz, & Friedler, 1980, 1982).
Thai versions of these tests were also sent to five experts for comment, then taken to

students for trial, and finally modified to ensure greater validity and reliability.
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3.3 RESEARCH QUESTIONS

The purpose of this section is to transform the objectives shown in Section 1.4 into
research questions for this study. Since the QTI and CLEI have not been validated
with a tertiary science sample in Thailand beforehand, the validation of the CLEI and
the QTI with the student sample is worthy of investigation in this study. This leads to

the first research question.

Research Question 1
Are the Actual and Preferred Forms of the CLEI and the QTI valid in terms
of reliability, discriminant validity and ability to differentiate between classes

in physical chemistry laboratory classrooms in Thailand?

Previous research studies have investigated the perceptions of the leamning
environment in classrooms and teacher-student interactions, such as the studies of
Henderson, Fisher, and Fraser (1995), Wong and Fraser (1996), and Quek, Wong,
and Fraser (2001), therefore, it was timely to investigate perceptions of classroom
environment and teacher-student interactions in physical chemistry laboratory

classrooms in Thailand. This was the focus of the second research question.

Research Question 2
What are students” perceptions of their physical chemistry laboratory classes

and their teacher-student interactions?

As this is the first study to measure students’ perceptions of classroom environments
in physical chemistry laboratory classrooms and students’ perceptions on teacher
interaction, a comparison between students’ perceptions of their actual and preferred
learning environments and students’ perceptions on teacher interaction in their actual
and ideal environments are important. These comparisons provide the following

question.
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Research Question 3
What differences are there between students’ perceptions of their actual and
preferred learning environments, and students” perceptions of their actual and

ideal on teacher-student interactions?

Moreover, previous studies (McRobbie & Fraser, 1993a, 1993b; Wong & Fraser,
1994) have shown that attitudes that science students have, and their perceptions of
their learning environments can be associated with their learning outcomes, and is

the focus of Research Questions 4 and 5.

Research Question 4
What attitudes do students have towards their subject of physical chemistry

laboratory?

Research Question 5

What associations are there between students’ perceptions of their learning
environments in physical chemistry laboratory classrooms, and their
attitudinal and cognitive achievement and practical outcomes, and of their

laboratory teacher’s interpersonal behaviour?

Examining the changes which could be made in students’ classroom environment
perceptions in physical chemistry laboratory classrooms following changes in teacher

interaction is considered important and this led to Research Question 6.

Research Question 6
Can the students’ perceptions of their physical chemistry learning
environment and teacher interaction be changed towards their preferred

learning environment?

All of the six questions, which are presented above were addressed in this research.

The next section describes instrument selection for this study.
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3.4 INSTRUMENT SELECTION

The final survey forms of the SLEI and the QTI, which are the 35-item CLEI (the
modified version of SLEI) and the 48-item version of the QTI respectively, were
used for the study. In addition, a ten-item Attitude Scale (Fraser, 1981; Fisher,
Henderson, & Fraser, 1995) was used to examine learning environment outcomes.
This section will note the selection of Attitude Scale and the development of the
PTAI and the use of these instruments for the construction of reliable measurement

scales.

3.4.1 Selection of Attitude Scale

Henderson, Fisher, and Fraser (1995) investigated biology students’ perceptions of
classroom and laboratory learning environments. They used a ten-item Attitude to
this Class, adapted from the TOSRA (Fraser, 1981) for examining students’ attitudes.
They found that the Attitude to this Class scale had an alpha reliability of 0.68 when
the individual student was used as the unit of analysis, and of 0.74 when the class
means were used. It was decided to use this scale in the study as it has been used in a

number of previous learning environment studies.

3.4.2 The Practical Test Assessment Inventory (PTAI)

Many years ago, national and international assessments were used to evaluate student
performance in science classes. Tamir (1972) suggested that student learning in
laboratory classrooms was not the same as other kinds of classroom learning, and he
used a practical laboratory examination for evaluating student performance in
laboratory classrooms. In addition, some research studies revealed that the results of
paper-and-pencil tests for the assessment of science learning related poorly in the
laboratory performance results (Ben-Zvi, Hofstein, Samuel, & Kempa, 1977;
Robinson, 1969; Tamir, 1972). As a result, Tamir, Nussinovitz, and Friedler, (1982)
created the Practical Test Assessment Inventory (PTAI), and subsequently, a
procedure-based scoring system was developed by Baxter, Shavelson, Goldman, and

Pine (1992) to assess student performance. The advantages of the PTAI are that it
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includes tasks where students record data, analyse data, draw conclusions, and

provide evidence.

Henderson, Fisher, and Fraser (1995) used the PTAI with 489 students in Tasmania,
Australia, and the PTAI was further extended by Germann and Aram (1996), then
field tested with 364 seventh-grade students from seven different schools in
Missouri, America. Results of these studies indicate that the PTAI has been proved to
be useable in many countries. It was decided to use the PTAI in the research

described in this thesis; it was assembled and conducted by the researcher.

3.5 RELIABILITY AND VALIDITY OF THE SLEI

In this section, the reliability and validity of the SLEI is discussed by using examples

from previous studies.

Fraser, Giddings, and McRobbie (1992) revealed that when the Actual Form of the
SLEI was administered to an Australian sample, the reliabilities (alpha coefficients)
were 0.80 for Student Cohesiveness, 0.80 for Open-Endedness, 0.91 for Integration,
0.76 for Rule Clarity and 0.74 for Material Environment. These reliability values
were similar to the reliability value of the Preferred Form of the SLEI for the
Australian sample, and similar to the reliability values of Actual and Preferred Forms

for the five-country samples (USA, Canada, England, Israel and Nigeria).

Internal consistency reliability is a convenient way of estimating reliability because it
only requires a single form of a test administered on a single occasion. The most
reported internal consistency estimates and one of the most commonly reported
reliability estimates in the language testing literature is Cronbach alpha (Brown,
2002). Henderson, Fisher, and Fraser (1995) reported the reliability and validity of
the SLEI in Tasmania, Australia using both the individual student and the class mean

as the unit of analysis. Table 3.1 shows these reliability coefficients.

An analysis of variance (one-way ANOVA) has been used to determine the ability of
each classroom environment scale to differentiate between perceptions of students in

different classrooms. The efd’ statistic is defined as a ratio of variability to total
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variability being a proportion of variation explained through class membership.
Table 3.1 indicates that previous studies have shown that the scales of the SLEI

significantly differentiate between classes.

The mean correlation of a scale with other scales has been used as a measurement of
discriminant validity the extent that each scale assesses a unique dimension distinct
from the other scales. The mean correlation is seen as a convenient index for
describing discriminant \}alidity. Smaller values of each scale of the mean correlation
are shown. This means that this questionnaire measures distinct although somewhat

overlapping aspects of the laboratory environment (Evans, 1998; Pohl, 1999).

Henderson, Fisher, and Fraser (1995) further noted that the reliability figures (in
Table 3.1) were similar to the reliability values for a cross-national student sample in
six countries when they were previously reported by Fraser, McRobbie, and
Giddings (1993). As well, the discriminant validity and eta’ figures were also

similar.

Table 3.1
Internal  Consistency (Cronbach Alpha Coefficient), Discriminant Validity (Mean
Correlation with other Scales) and Ability to Differentiate between Classrooms for the SLEI

Scale Unit of Alpha Reliability Mean Correlation with ANOVA
Analysis Other Scales Resulis
(Etd)
Actual Preferred Actual Preferred Actual
Student Individual 0.81 0.76 0.38 0.43 0.22%
Cohesiveness Class Mean 0.91 0.81 0.52 0.46
Open- Individual 0.58 0.58 0.10 0.17 0.16*
Endedness Class Mean 0.73 0.67 0.18 0.11
Integration Individual 0.85 0.76 0.41 0.33 0.17*
Class Mean (.92 0.87 0.57 0.46
Rule Clarity Individual 0.72 0.62 0.33 0.26 0.18%
Class Mean 0.88 0.64 0.52 0.40
Material Individual 0.77 0.71 0.39 0.40 0.22%
Environment Class Mean 0.85 0.86 0.52 0.51

" p<0.001. The sample consisted of 489 senior biology students in 28 classes
{Source: Henderson, Fisher, & Fraser, 1993, p.7}

The SLEI also has been field tested and validated with 3,182 Papua New Guinea
secondary students (Waldrip, 1994), 1,594 Australian students in 92 classes (Fraser
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& McRobbie 1995), 489 senior high school biology students in Australia (Fisher,
Henderson, & Fraser 1997), 1,592 grade 10 chemistry students in Singapore (Wong
& Fraser, 1995, 1996), 580 students were from water quality and non-water quality-
monitoring schools in Australia (Pohl, 1999), 497 chemistry students in Singapore
(Quek, Wong, & Fraser, 2001), 439 high school science students in Korea (Lee &
Fraser, 2001) and 644 chemistry students in Brunei Darussalam (Riah & Fraser,
1998).

Wong and Fraser (1996) also reported that when the Personal Form of the SLEI was
administered to 1,592 grade 10 chemistry students in 56 classes in Singapore, alpha
reliability figures were found to be similar to alpha reliability figures of a
Queensland sample with either the individual student or the class mean as the unit of

analysis.

The reliabilities for the SLEI which Fraser, Giddings, and McRobbie, (1992) noted
as above, are similar to those reported by Fraser, Fisher, and McRobbie (1996) when
the SLEI was field tested with students in Queensland, Australia. For the Actual
Form of the SLEI, the alpha reliability figures were found to range from 0.71 to 0.86
when the individual student was used as a unit of analysis, and from 0.74 to 0.91
when the class mean was used as the unit of analysis. The alpha reliability figures for
the Preferred Form of the SLEI were found to range from 0.64 to (.84 when the
individual student was used as the unit of analysis, and from 0.70 to 0.85 when the
class mean was used as the unit of analysis. Fraser, Fisher, and McRobbie (1996)
further analyzed the eta’ statistic for the Personal Form of the SLEI and figures
ranged from 0.23 to 0.28. Each scale of the SLEI hence differentiated between

perceptions of students in different classes.

A modified version of the SLEI named the Chemistry Laboratory Environment
Inventory (CLEI) (Wong, Young, & Fraser, 1997) was used in this study to assess
students’ perceptions of learning environments in physical chemistry laboratory
classes. In this version of the SLEI, the word ‘science’ was change to ‘physical
chemistry’. For example, a sample item in the SLEI scale such as ‘I get on well with
students in this laboratory class’ will be changed in the CLEI scale to ‘I get on well

with students in this physical chemistry laboratory class’. Fraser, Giddings, and
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McRobbie (1995) were the designers for this modification. Although the CLEI was
modified from the SLEI most scales of the CLEI were found to be reliable as shown
in Table 3.2, except for Open-Endedness, the values with a Singaporean sample were

much lower.

Table 3.2
Internal Consistency Reliability (Cronbach Alpha Coefficient) for CLEI and Original SLEI
Scales for Two Units of Analysis

Scale Name No, of ltemns Unit of Analysis Alpha Reliability
CLEP SLEP
Student 7 Student 0.68 0.78
Cohesiveness Class 0.83 0.80
Open-Endedness 6 Student 0.41 0.71
Class 0.54 0.80
Integration 7 Student 0.69 0.86
Class 0.87 0.91
Rule Clarity 6 Student 0.63 0.74
Class 0.84 0.76
Material 7 Student 0.72 0.76
Environment Class 0.82 0.74

* For the CLEI the sample consisted of 1,592 upper secondary chemistry students in 56 classes in Singapore.
bFor the SLEI, the sample consisted of 516 senior high school students in 56 chemistry classes in Australia.
(Source: Wong, Young, & Fraser, 1997}

Overall, the results of reliability and validity tests as revealed could lead educators

and researchers to use the SLEI and the CLEI with confidence.

3.6 RELIABILITY AND VALIDITY OF THE QTI

The QTI has been confirmed as a valid and reliable questionnaire in various
countries, such as The Netherlands, the USA and Australia. As such the 48-item QTI
used with an Australian study (Wubbels, 1993) involved 792 students and 46
teachers and the reliability for both the students’ and teachers’ responses ranged from
0.68 to 0.85, showing a satisfactory level of reliability (Cresswell & Fisher, 1996).
When a 64-item version of the QTI was used in the USA (Wubbels & Levy, 1993)
with 1,606 students and 66 teachers, the Cronbach alpha coefficient was found to
range from 0.76 to 0.84 for the student responses and from 0.74 to 0.84 for the
teacher responses (Rickards, Fisher, & Fraser, 1996).
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Evans (1998) reported internal consistency values for three sample sizes of students
and teachers, 1,105 and 66, 1,606 and 66, and 72 and 46 for The Netherlands, the
USA and Australia, respectively, (as shown in Table 3.3). Figures indicated that the
internal consistency values for both the students and teachers were acceptable with
both the students’ and teachers’ response, the internal consistency figures were never

lower than 0.60.

Table 3.3
Internal Consistency (Alpha Reliability) for QTI Scales for Students and Teachers in Three
Countries.

Scale Students/ Alpha Reliability
Teachers
Netherlands UsSA Australia
DC Leadership Students 0.83 0.80 0.94
Teachers 0.81 0.75 0.74
CD Helping/Friendly  Students 0.90 0.88 0.95
Teachers 0.78 0.74 0.82
CS Understanding Students 0.90 0.88 0.94
Teachers 0.83 0.76 0.78
SC Student Students 0.74 0.76 0.80
Responsibility/ Teachers 0.72 0.82 0.60
Freedom
S0 Uncertain Students 0.79 0.79 0.92
Teachers 0.83 0.79 0.78
08 Dissatisfied Students 0.86 0.83 0.93
Teachers 0.83 0.75 0.62
OD Admonishing Students 0.81 0.84 0.92
Teachers 0.71 0.81 0.67
DO Strict Students 0.78 0.80 0.90
Teachers 0.61 0.84 0,78

{Source: Evans, 1998, p 34}

Because the QTI is based on a circular model of a two-dimensional circumplex
model for interpersonal behaviour on which its scales are arranged, this pattern has
been validated by measuring the interscale correlations between the scales. The
highest correlations have been found between adjacent scales (for example, between
Admonishing and Dissatisfied behaviour), and the lowest correlations between
opposite scales (for example, Admonishing and Understanding behaviour) on the
mode] (Evans, 1998). It means that each scale within the QTI model shows a high

positive correlation with those scales adjacent to it but shows a low positive
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correlation with those not adjacent but are in the same sector of the model, and
shows a highly negative correlation with those scales in opposite sectors (Rawnsley,

1997).

As for other learning environment questionnaires, the ability of the QTI to
differentiate between classrooms was considered to be important. Table 3.4 shows
the variance in QTI scores using the ANOVA eta’ statistic with class membership as
the main effect. Each scale of the QTI significantly differentiated between the

perceptions of students in different classrooms in three different countries.

Table 3.4
The Amount of Variance Accounted for by Class Membership (Etd’) in Three Countries

Scale Etd’

USA (a) Australia (b) Netherlands (c)

n=1,606 n=489 n=1,103
DC Leadership 0.41% 0.48%* 0.59*
CD Helping/Friendly 0.22% 0.33%#* 0.48%*
CS Understanding 0.28* 0.29%% 0.43*
SC Student Responsibility/Freedom 0.29% 0.28%* 0.36*
SO Uncertain 0.38* 0.38%* 0.59%
0S Dissatisfied 0.19* 0.20%* 0.39*
OD Admenishing 0.25% 0.25%%* 0.39*
DO Strict 0.43* 0.30%# 0.45*

n is sample sizes, p<0.01, ~ p<0.001
{a & c) Source: Wubbels & Levy, 1991, p.10 {(b) Source: Henderson, Fisher, & Fraser, 1993, p.7
{Source: Rickards, 1998, p. 80)

Additionally, the QTT has been field tested and then validated with 489 students in 28
biology classes in Tasmania, Australia by Henderson, Fisher, and Fraser (1995) as
shown in Table 3.5. Alpha reliabilities for the Actual Form of the QTI ranged from
0.63 to 0.83 when the individual student was used as the unit of analysis, and ranged
from 0.74 to 0.95 when the class mean was used as the unit of analysis; figures for
the Ideal Form of the QTI ranged from 0.59 to 0.76 when the individual student was
used as the unit of analysis, and from 0.62 to 0.87 when the class mean was used as
the unit of analysis. As well, each scale of the QTI could differentiate between the
perceptions of students in 28 classrooms in Australia. These reliability and validity

values led to the desirability of further investigative research involving the QTL.
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Table 3.5
Internal Consistency (Cronbach Alpha Coefficient) and Ability to Differentiate between
Classrooms for the OT]

Scale Unit of Alpha Reliability ANOVA Results
Analysis (Etd)
Actual Ideal Actual
DC Leadership Individual 0.83 0.74 0.48*
Class Mean 0.95 0.76
CD Helping/Friendly Individual 0.82 0.76 0.33*
Class Mean 0.91 0.82
CS Understanding Individual 0.78 0.70 0.29%
Class Mean 0.92 0.87
SC Student Individual 0.66 0.70 0.28*
Responsibility/Freedom Class Mean 0.81 0.67
SO Uncertain Individual 0.77 0.66 0.38*
Class Mean 0.91 0.62
0S Dissatisfied Individual 0.75 0.59 0.20%
Class Mean 0.85 0.76
OD Admonishing Individual 0.71 0.72 0.25%
Class Mean 0.77 0.82
DO Strict Individual 0.63 0.69 0.30%*
Class Mean 0.74 0.74
*p<0.001

The sample consisted of 489 senior biology students in 28 classes.
{Source: Henderson, Fisher, & Fraser, 1995, p.6)

The QTI was also field tested and cross-validated in a number of other studies. For
example, 405 students in nine schools with their 21 teachers in Australia (Fisher &
Rickards, 1996), 490 grade 9 mathematics students in 23 classrooms in 14 schools in
Adelaide, South Australia (Rawnsley, 1997), 1,500 students in Tasmania, Australia
(Ferguson, 1998), 2,986 science students in 153 classes in 48 Australian secondary
schools in two Australian states, Victoria and Western Australia (Evans, 1998), 3,589
students in 173 classes in Tasmania and Western Australia (Rickards & Fisher,
1998), a random sample of 1,512 boys and girls from government elementary
schools in Singapore (Goh & Fraser, 2000), 1,260 students in a New Zealand
Registered State (Slater, 2000), a sample of 422 students from 12 classes in a private
university in Indonesia (Soerjaningsih, Fraser, & Aldridge, 2001), 543 Korean
science students (Kim, Fisher, & Fraser, 2000), and 3,104 students in 136 classrooms
in 23 typical, co-educational government primary schools in Brunei Darussalam

(Scott & Fisher, 2001).
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Therefore, the QTI can be regarded as a reliable and valid questionnaire that can be

used with confidence.

3.7 SELECTION AND DESCRIPTION OF THE SAMPLE

The purpose of this research was to investigate whether students could achieve better
cognitive and affective outcomes in classrooms where classroom climates were

perceived to be more favourable.

Two samples were used for the investigation of different research questions. For
Research Question 1 (as discussed in Section 3.3), the sample consisted of 198 Thai
physical chemistry students in nine classes from seven Rajabhat Universities in
Thailand, namely, Uttaradit, Kanchanaburi, Nakhon Sawan, Kamphaeng Phet,
Phitsanulok, Phanakhon and Maha Sarakham. The students were in their second year
at those Rajabhat Universities, and the physical chemistry laboratory is an obligatory
course at each university. Research Question 1 addresses the validity and reliability
of the two forms of the CLEI and the QTI and the ability of the CLEI and the QTI to
differentiate between classes when use in physical chemistry laboratory classrooms
in Thailand.

Not only was the sample size of 198 students used to confirm reliabilities, but it was
also used to compare students’ perceptions of their actual and preferred learning
environments and students’ perceptions of actual and ideal teacher interactions. Such

comparisons were used to address Research Question 3.

Research Questions 2, 4, 5 and 6 involved a sample of 100 tertiary students in four
Rajabhat Universities in Thailand, namely, Kamphaeng Phet, Phitsanulok,
Phanakhon and Maha Sarakham. Research Questions 2, 4, 5 and 6 were concerned
with: 1) students’ perceptions of their physical chemistry laboratory classes; 2)
students’ attitudes towards their physical chemistry laboratory; 3) associations
between the students’ perceptions of their learning environments in physical
chemistry laboratory classrooms, and their attitudinal and cognitive achievement

outcomes; and 4) whether the students’ perceptions of their physical chemistry
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learning environment and teacher interaction change towards their preferred learning

environment.

Rajabhat Universities were chosen that had physical chemistry laboratory teaching in
classrooms at that time. I chose physical chemistry laboratory for investigation since
I am an instructor in physical chemistry laboratory classes as described in Chapter
One of this thesis. The laboratory is independent of the lectures. As well this
laboratory class is worth one credit for student taking in their learning. Generally,
instructors who lecture in physical chemistry have to teach in the physical chemistry
laboratory as well. All of the chosen Rajabhat University are co-educational
universities. Students who participated in this investigation were studying a physical
chemistry laboratory course. Because the teaching, learning and curriculum
administration in every Rajabhat University in Thailand is different, selecting a
sample of students was difficult. That is, the students had to study the physical
chemistry laboratory course at the same time as the data were being collected. As
well, not many students study the physical chemistry laboratory course at Rajabhat

Universities. Hence the sample of selected students was restricted in size.

First of all, direct contact by telephone was made between the researcher and
instructors who were teaching a physical chemistry laboratory course in Rajabhat
Universities in order to request data collection. Positive responses were received
from Kamphaeng Phet, Phitsanulok, Phanakhon, Maha Sarakham, Nakhon Sawan,
Kanchanaburi and Uttaradit Rajabhat Universities. Letters of consent of the
presidents of the Rajabhat Universities were then sent to request the collection of

data early in that semester.

The next step involved mailing out to these seven Rajabhat Universities, eatly in the
semester the following: the Actual and Preferred Forms of the CLEI, the Actual and
Ideal Forms of the QTI, the Attitude Scale, the cognitive test and the practical test, a
pre-paid envelope with the return address of the researcher, and a letter of consent.
The practical test which included description of laboratory direction, was explained
in writing by the researcher. That is the scores and where students record data,
analyse data, draw conclusions, and provide evidence, were written on the actual the

practical test.
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The Preferred/Ideal Form that measures the perceptions of the classroom
environments in terms of preferred or ideal environment, is slightly different from
Actual Form in item wording. For example, an item in the Actual Form of the CLEI
such as ‘There is a recognized way for me to do things safely in this physical
chemistry laboratory’ will be changed in the Preferred Form to ‘There would be a
recognized way for me to do things safely in this physical chemistry laboratory’.
Both Actual and Preferred Forms of the CLEI are presented in Appendix E and F.
Similar to the CLEL an item in the Actual Form of the QTI such as “This teacher

trusts us’ will be changed in the Ideal Form to “This teacher would trusts us’.

The Attitude Scale which examines attitudes to their physical chemistry laboratory
class, consists of ten items and based on the TOSRA (Fraser, 1981; Fisher,
Henderson, & Fraser, 1995). Each item of this Attitude Scale has a three-point
response format (Disagree, Not Sure and Agree). One example of the item in the
Attitude Scale is ‘physical chemistry laboratory lesson is fun’. The Attitude Scale is
presented in Appendix G.

The cognitive test of the physical chemistry laboratory course was constructed in
multiple choice format by me and was comprised of five factors to be considered:
Knowledge, Comprehension, Application, Analysis and Synthesis (Getsa &
Amornratanasak, 1999). There are seven topics in the physical chemistry laboratory
course: Heat of Reaction, Viscosity, Refractive Index, Specific Gravity, Molar
Volume of Gas, Gas Constant and Electrochemistry. An example of a cognitive test
item of the physical chemistry laboratory course is the comprehension factor as

follows:

Which one of these equations represents the heat of solution.
a. C(s) + 28(s) —» CSs(s), AH=25.4 keal
b. HCI(g) + ag —» HCl(aq), AH =-17.96 kcal (correct)
c. 2CO(g) + Ox(g) —» 2CO0(g), AH = -135 keal
d. 1/2Hy(g) + 1/21,(g) —> HI(g), AH = 6.2 kecal

The cognitive test is presented in Appendix H.
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The practical test of physical chemistry laboratory course was based on the Practical
Test Assessment Inventory (PTAI) (Tamir, Nussinovitz, & Friedler, 1980, 1982).
The PTAI was designed to assess student performance in laboratory classes, and
includes data recording, data analysing, data conclusions and evidence providing
from students. The gas constant topic was used for this practical test. This laboratory
has been covered with four skills: manipulation, observation, interpreting experiment
data and experimental planning skills (Johnstone & Al-Shuaili, 2001). One example
for this test is that after the reaction between HCI solution and a Mg metal is
complete, students observe the changes of this reaction and write them in the blank

space (observing skill and one mark). The practical test is presented in Appendix L.

When the students had completed the questionnaires and tests, the documents were

sent back to the researcher in a pre-addressed and reply-paid envelope.

In addition, three students from each class were selected for an interview and to
provide written stories in the middle of the semester. The example of questions in
this qualitative data collection is shown in Table 3.6 (Section 3.8.2). Of the three
students, one had gained a high score, one had gained a mid score, and one had
gained a low score; the students were expected to perceive different classroom
climates because they gained different scores. Before the interviews and written

stories a letter of consent was received.

At the appropriate time, the intervention strategies were implemented by the
researcher and instructors in an attempt to change the actual environment to make it
more congruent with the preferred environment. The scores of questionnaires and
three tests, after the students completed them in the early semester, were taken to the
instructors by the researcher to guide intervention strategies in changing the

classroom environments.

At the end of the semester, Actual Forms of the CLEI and the QTI, the Attitude
Scale, the cognitive test and the practical test were sent to four Rajabhat Universities,
namely Kamphaeng Phet, Phitsanulok, Phanakhon, Maha Sarakham for student
responses. The letters from the researcher were again sent to instructors and

presidents for consent and to thank them for allowing the collection of data.
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3.8 DATA COLLECTION

The data collection in this study consisted of two parts; quantitative and qualitative.
The data were collected in a way to ensure consistency of collection procedures, and
the researcher was personally involved with the process so that all students dealt with

the questions in similar ways.

3.8.1 Quantitative Data Collection

The Actual and Preferred Forms of the CLEI, Actual and Ideal Forms of the QTI, the
Attitude Scale, and two tests for cognitive and skill outcomes were administered with

students early in the semester or during week 2 of the study.

The Actual Forms of the CLEI and QTI, the Attitude Scale and the tests for cognitive
and skill outcomes were again administered with students at the end of semester or

during weeks 14 and 15 of the course.

3.8.2 Qualitative Data Collection

Student interviews were used in relation to the CLEI and written stories were
collected on the QTI. Each student was asked to participate in both the interviews
and written stories. It was decided to use a different qualitative method for each
questionnaire to avoid the students becoming fatigued by using the same method

twice.

In this stage, the contact with instructors for the student interview and stories written
about classroom environments was made in mid semester. The researcher again
phoned each instructor in order to identify the students and choose suitable times for
the students. Also, letters of consent and thanks were posted to instructors so that the
desired number of students was obtained at this stage. Three of the 12 students from
each Rajabhat University were selected to participate. Similar questions were asked
to each student. Sometimes, examples of questions were provided to them to ensure

that they did not misinterpret the questions.
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In the interviews, students were invited to reflect on their previous completed
responses to the CLEI in their classrooms. Each question was read, and sometimes
discussion was used to motivate student reflection in order to obtain their responses.
In these questions, the students were also encouraged to expand on answers and
provide clarification if answers were important. For example, when the students were
asked to comment on the learning environments of their classes, they were told that,
“The research shows that the environment influences students; can you generally
summarize on the learning environment in your classrooms?” The students were

further asked to comment on their responses to each individual item of those scales.

It was apparent in the interviews that the studenis were able to reveal and describe
the learning environments of their classrooms. In the meantime, the researcher used
notes and audio tape recordings of each interview to ensure the complete wording of

the students was retained.

Additionally, the students wrote stories in brief journals. These stories provided
various views about teacher behaviours as they related to behaviours assessed by the
QTIL. Examples of questions used in the qualitative data collection are shown in

Table 3.6.

Table 3.6
Examples of Qualitative Data Collection

Interview Written Story
1. Did you like your physical chemistry 1. Did your teacher always encourage you to
laboratory classroom? Why? discuss while he/she was teaching physical
chemistry laboratory? Could you describe
what happens?

2. Did you have safety precautions before 2. How was your teacher’s mood whilst he/she
starting laboratory? was in the class. What did you think?

(5]

Did your fiiends always help you during Did you ever break a glassware in a
laboratory activities? laboratory Class? How did your teacher
response? How did you feel? Please, discuss.

L2

The results of all the data collection led the researcher to recognise more and more
avenues for improvement in the teaching and learning occurring in physical

chemistry classrooms.
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3.9 DATA ANALYSIS

The data analysis focused on the objectives of the study in order to achieve the main
goals of the research. The quantitative and qualitative data were analyzed and then

interpreted.
3.9.1 Analysis of Quantitative Data

When the questionnaires and three tests (attitude test, practical test and cognitive
test) were returned to the researcher, they were checked and the responses were
manually scored by the researcher. Data from the CLEI and QTI, which were
missing or had invalid scores by any student, were treated as missing values by the

SPSS program.

In the analysis of quantitative data, an Excel program (version 98) (Microsoft
Corporation, 1998) was used to construct graphs. An SPSS software package
(version 10) (Norusis, 1998) was used to calculate simple and multiple correlations,
internal consistency (Cronbach alpha coefficient), and eld’ statistic (one-way

ANOVA).

Simple and multiple correlation analyses were used to determine associations
between students’ perceptions of learning environment and students’ attitudinal,
cognitive and practical performance outcomes. The simple correlation (r) describes a
bivariate association between two variables whereas the multiple correlation (R)
indicates the association between two variables when all other variables are

controlled (Henderson, Fisher, & Fraser, 1995).
3.9.2 Analysis of Qualitative Data

Both notes and audio tape recordings were made during each interview. Moreover,
students were encouraged to write stories in a brief journal about the classroom
climate in which the researcher gathered the classroom climate data. Both notes and
audio tape recording were transcribed into worded sentences for further analysis.

These interviews and written stories were also translated into English.
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3.10 CHAPTER SUMMARY

This chapter provides details of the methodologies used in this research. Initially,
translations of the English versions of CLEI, QT and Attitude Scale to Thai versions
were conducted, and followed by the construction of cognitive and practical tests in
the Thai language. Besides the 35 items of the CLEI and 48 items of the QTI selected
for this study, a 10-item Attitude Scale was chosen. As well, cognitive and practical
tests were used to examine the students’ outcomes. The validity and reliability of the
QTI, CLEI, Attitude Scale, cognitive test and practical test were shown to be
sufficient for the researcher to use them with confidence. Moreover, selection and
description of student samples were noted prior to valid data collection. It should be
noted that in this research, consent was obtained from the people who participated,
ensuring standards of ethics were met. Furthermore, all who participated were

advised that they had the right to withdraw at any time.
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CHAPTER 4

RELIABILITY AND VALIDITY OF THAI VERSIONS OF THE
CLEI AND QTI

4.1 INTRODUCTION

In the previous chapter, preparation for this study and the research questions to be
addressed were described. In addition, the reliabilities of the CLEI and QTI which
were used in earlier studies were revealed, and statistical procedures used to analyse

the data were also noted.

This chapter examines the research question referred in Section 3.3, by showing the
validity and reliability of the CLEI and QTI when used with a Thai sample of tertiary

science classrooms. Both ideal and actual perceptions of students are also noted.

4.2 RESULTS FOR THE CLEI

The Thai validation sample consisted of 198 students in nine classrooms in seven
Rajabhat Universities who responded to a 35-item Thai version of the CLEL Of the
198 students, 63 students were from Phitsanulok, 10 from Uttaradit, 22 from
Phanakhon, 14 from Kanchanaburi, 38 from Kamphaeng Phet, 27 from Maha
Sarakham and 24 from Nakhon Sawan Rajabhat Universities.

Table 4.1 shows the reliability and validity figures for the CLEI when used with 198
science students at Thai universities. If the reliability is estimated from the
consistency of responses to all items in a scale, it is referred to as internal

consistency reliability (Cronbach, 1970).
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There are many ways in which internal consistency reliability is estimated [for
example the Spearman-Brown prophecy formula (Brown, 2001), Kuder-Richardson
formulae 20 and 21 (Kuder & Richardson, 1937) and Cronbach alpha (Cronbach,
1970)]. The Cronbach alpha is the most frequently used in learning environment
research to report internal consistency and therefore was used in this study (Brown,

2002).

The reliabilities of individual student and class mean scores for each CLEI scale are
reported in Table 4.1. The alpha reliability figures of the different CLEI scales
ranged from 0.61 to 0.71 for the Actual Form and from 0.60 to 0.67 for the Preferred
Form when the individual student was used as the unit of analysis, and from 0.63 to
0.88 for the Actual Form and from 0.62 to 0.90 for the Preferred Form when the class
mean was used as the unit of analysis. Typically, the reliabilities with the class mean
as the unit of analysis were higher than the reliabilities of those when the individual
student was used. These figures show satisfactory internal consistency of the CLEIL
scales when either the individual student or the class mean is used as the unit of
analysis, and show the suitability of the CLEI for use with the science students for
whom English is a second language in Thailand. These results are comparable with
previous research with the CLEL For example, Wong, Young, and Fraser (1997)
reported that the reliabilities of the CLEI ranged from 0.41 to 0.72 when the
individual student was used as the unit of analysis, and from 0.54 to 0.87 when the
class mean was used as the unit of analysis; and Quek, Wong, and Fraser (2001)
revealed that the reliabilities of the CLEI ranged from 0.53 to 0.76 for the Actual
Form and from 0.69 to 0.86 for the Preferred Form when the individual student was

used as the unit of analysis.

The mean correlation of each scale with the other scales was used as a means of
measuring the discriminant validity of the CLEI and are also shown in Table 4.1.
These scores range from 0.12 to 0.35 when the individual student was used as the
unit of analysis, and from 0.47 to 0.63 when the class mean was used as the unit of
analysis. These results show that each of the CLEI scales is to some extent
independent of each of the other scales when the individual student was used as the
unit of analysis. That is each of them measures distinct aspects of the classroom

learning environments. The discriminant validity figures of all the scales in the
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Actual Form of the CLEI in this study were higher than those reported for the Actual
Form of the CLEI in a previous study by Quek, Wong, and Fraser (2001) with
Singaporean students (Actual Form ranged from 0.11 to 0.24 and Preferred Form
ranged from 0.22 to 0.45).

Table 4.1 also shows, that the mean within-class perceptions of students in different
classrooms towards the CLEI were different, and the perceptions of the students in
the same class were relatively similar. The etd’ statistic ranged from 0.07 to 0.19 for
the different scales and most of the CLEI scales distinguished significantly between
classes (p<0.05). Therefore, the CLEI is able to differentiate between the perceptions
of students in different classrooms, with one exception, the Open-Endedness scale
where the perceptions of students in different classrooms do not differ significantly.
These results are similar to the previous study of Quek, Wong, and Fraser (2001)
using the CLEI with Singaporean students where the eta’ value ranged from 0.06 to

0.21 and all the scales distinguished between classes.

Table 4.1
Internal Consistency (Cronbach Alpha Coefficient) and Ability fo Differentiate Between
Classrooms for the CLEL

Scale No of Unitof Alpha Reliability Mean Correlation ~ ANOVA
Items  Analysis with Other Scales Results
(Ete’)
Actual Preferred Actual
Student 7 Individual 0.62 0.61 0.26 0.09%
Cohesiveness Class Mean 0.75 0.70 0.55
Open- 7 Individual 0.62 0.61 0.12 0.07
Endedness Class Mean 0.63 0.63 0.59
Integration 7 Individual 0.71 0.67 0.34 0.10%*
Class Mean 0.88 0.90 0.47
Rule Clarity 7 Individual 0.61 0.60 0.31 0.08*
Class Mean 0.72 0.62 0.50
Material 7 Individual 0.71 0.61 0.35 0.1 9k##
Environment Class Mean 0.88 0.77 0.63

" p<0.05, #* p<0.01, ***p<0.001.
The sample consisted of 198 Thai science students in nine classrooms in seven Rajabhat Universities.

Clearly, the descriptive statistics mentioned above indicate that the modified version
of SLEI is a valid and reliable questionnaire for gauging science students’

perceptions of their learning environments in a physical chemistry laboratory setting
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at tertiary level in Thailand. These results are consistent with previous studies on

non-modified and modified versions of the SLEI (Quek, Wong, & Fraser, 2001).
4.3 RESULTS FOR THE QTI

The 48-item version of the QTI was used to examine students’ perceptions of
student-teacher interpersonal behaviour in this study. The sample of 198 students
responded to the 48-item Thai version of the QTT as well as responding to the 35-
item Thai version of the CLEL

Table 4.2 provides results for the QTI when used in this study. The internal
consistency ranged from 0.60 to 0.78 for the Actual Form of the questionnaire and
from 0.61 to 0.78 for the Ideal Form when the individual student was used as the unit
of analysis, and from 0.68 to 0.94 for the Actual Form and 0.65 to 0.91 for the Ideal
Form when the class mean was used as the unit of analysis. The reliability figures are
quite consistent with previous studies when the 48-item version of the QTI was used.
Fisher and Rickards (1996) reported that the reliability figures ranged from 0.62 to
0.88 when the individual student was used as the unit of analysis, and from 0.60 to
0.96 when the class mean was used as the unit of analysis; Soerjaningsih, Fraser, and
Aldridge (2001) reported that the reliability figures ranged from 0.65 to 0.87 when
the individual student was used as the unit of analysis, and from 0.83 to 0.99 when
the class mean was used as the unit of analysis; and in another study Rickards and
Fisher (1998) revealed that the reliability figures ranged from 0.63 to 0.88 when the
individual student was used as the unit of analysis, and from 0.78 to 0.96 when the
class mean was used as the unit of analysis. These results show the QTI to be a

reliable questionnaire for the present sample of Thai students.

Moreover, the efa’ data shown in Table 4.2 imply that the QTI is able to differentiate
between the perceptions of students in different classrooms (¥p<0.05, **p<0.01,
##4p<0.001). The eta’ value, which represents the amount of variance explained by
class membership, ranges from 0.05 to 0.18. Accordingly, students in the same
classes responded to each item similarly, but those in other classes responded to them
differently. These results support the validity seen in previous studies when the 48-

item version of the QTI was used. For example, Wubbels and Levy (1991) reported
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that efe’ ranged from 0.36 to 0.59; Fisher, Henderson, & Fraser (1995) noted that
etd’ ranged from 0.07 to 0.35; and Rickards, Fisher, and Fraser (1996) revealed that
etd’ ranged from 0.22 to 0.35. However, the eta’ values of 0.05 and 0.07 for the
Student Responsibility/Freedom and Strict scales were not significant and imply that
perceptions of students in different classes are not differentiated by these two scales

of the QTL

Table 4.2
Internal Consistency (Cronbach Alpha Coefficient) and Ability to Differentiate Between
Classrooms for the QT1

Scale Unit of Alpha Reliability ANOVA Results
Analysis (Etd®)
Actual Ideal Actual
DC Leadership Individual 0.78 0.74 0. 16%**
Class Mean 0.94 0.91
CD Helping/Friendly Individual 0.77 0.72 0.13%**
Class Mean 0.89 0.85
CS Understanding Individual 0.73 0.78 0.08%*
Class Mean 0.82 0.89
SC Student Individual 0.60 0.61 0.05
Responsibility/Freedom Class Mean 0.68 0.65
SO Uncertain Individual 0.77 0.71 0.11%*
Class Mean 0.83 0.87
OS Dissatisfied Individual 0.72 0.71 0.J 4k
Class Mean 0.82 0.72
OD Admonishing Individual 0.75 0.67 0.18%%#*
Class Mean 0.89 0.84
DO Strict Individual 0.67 0.63 0.07
Class Mean 0.81 0.73

#p<0.05, #p<0.01, ***p<0.001
The sample consisted of 198 Thai science students in nine classrooms in seven Rajabhat Universities.

Section 3.6 indicated that the scales of the QT are arranged in a circular manner and
based on a two-dimensional circumplex model for interpersonal behaviour. This
pattern has been validated by measuring the inter-scale correlation, using simple
correlation. Table 4.3 and 4.4 report the inter-scale correlation of the actual and ideal
QTI scales for both the individual and the class mean as the unit of analysis
respectively. The pattern in Table 4.3 is illustrated in Figures 4.1 and 4.2 that use the

Helping/Friendly scale as an example.
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Table 4.3

Figures of Inter-Seale Correlation of Actual QTI Scales for Two Units of Analysis.

Scale Unit of DPC CD CS SC SO 0S oD DO
Analysis

DC Leadership Student 1.06 063 072 016 -036 -030 -046 0.04

Class Mean 1.00 079 0.89 -019 -068 -0.68 -0.82 0.29

CD Helping/Friendly Student 1.00 0.63 014 -034 -025 -040 0.2

Class Mean 1.00 094 -028 -0.70 -0.86 -0.70 0.57

CS Understanding Student 1.00 022 -028 -0.26 -036 004

Class Mean .00 -0.15 -0.62 -0.80 -0.73 0.39

SC Student Student 1.00 031 029 025 -0.01

Responsibility/Freedom  Class Mean .00 054 037 061 -0.74

SO Uncertain Student 1.00 062 0.69 0.07

Class Mean .00  0.79 091 -0.53

OS Dissatisfied Student 1.00 067 033

Class Mean 1.00 0.80 -0.49

OD Admonishing Student .00  0.19

Class Mean 1.00  -0.50

DO Strict Student 1.00

Class Mean 1.00

The sample consisted of 198 Thai science students in nine classrooms in seven Rajabhat Universities.

Admonishing

Dissatisfied

Strict

Leadership

Uncertain

Student Responsibility/
Freedom

Helping/Friendly

Understanding

Figure 4.1. Correlations between Helping/Friendly and the other scales of the Actual QTI
using the student as the unit of analysis.
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Strict Leadership

Admonishing Helping/Friendly

Dissatisficd Understanding

Uncertain Student Responsibility/
Freedom

Figure 4.2. Correlations between Helping/Friendly and the other scales of the Actual QTI

using the class mean as the unit of analysis.

The pattern in Table 4.4 is again represented, using the Helping/Friendly scale as an

example, in Figures 4.3 and 4.4.

Table 4.4
Figures of Inter-Scale Correlation of Ideal QTI Scales for Two Units of Analysis.

Scale Unit of DC CD (8] SC S0 0s oD DO
Analysis

DC Leadership Student 100 062 078 -0.09 -043 -0.29 -0.37 0.08

Class Mean 1.00 091 093 -029 -075 -041 -071 0.53

CD Helping/Friendly Student 1.00 060 010 -027 -0.24 -030 0.04

Class Mean 1.00 090 -027 -077 -0.62 -0.72 041

CS Understanding Student 1.00 -0.01 -0.26 -0.28 -0.30 0.04

Class Mean 1.00 -020 -0.58 -0.38 -0.58 0.32

SC Student Student 1.0 040 033 029 0.10

Responsibility/Freedom  Class Mean 1.00 066 062 075 -035

SO Uncertain Student 1.00 052 0.67 0.05

Class Mean 1.00 0.78 0.96 -0.67

OS Dissatisfied Student 1.00 0.59 0.33

Class Mean 1.00 083 -0.14

OD Admonishing Student 1.00 0.14

Class Mean 1.00 -0.50

DO Strict Student 1.00

Class Mean 1.00

The sample consisted of 198 Thai science students in nine classrooms in seven Rajabhat Universities.

86



Strict Leadership

Admonishing Helping/Friendly

Dissatisticd Understanding

Uncertain Student Responsibility/
Freedom

Figure 4.3. Correlations between Helping/Friendly and the other scales of the Ideal QTI
using student as the unit of analysis.

Strict Leadership

Admonishing Helping/Friendly

Dissatisfied Understanding

Uncertain Student Responsibility/
Freedom

Figure 4.4. Correlations between Helping/Friendly and the other scales of the Ideal QTI
using the class mean as the unit of analysis.

It can be seen from Figures 4.1 to 4.4 that there are high correlations with scales
adjacent to Helping/Friendly scale (Leadership and Understanding) and low
correlations with the Dissatisfied scale which is opposite to Helping/Friendly scale.
These results confirm the circumplex nature of the QTI model supporting its validity

for use in Thailand.
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Consequently, the validity and reliability results of the QTI from this study are
consistent with the results from previous studies, for example in a number of the
studies elsewhere with teachers and their students in The Netherlands, secondary
colleges in Tasmania, secondary colleges in Australia, lower secondary classes in
Australia, and students and teachers in the USA (Brekelmans, Wubbels, & Créton,
1990; Fisher, Henderson, & Fraser, 1995; Kent, Fisher, & Fraser, 1995; Rickards,
Fisher, & Fraser, 1996; and Wubbels & Levy, 1991).

4.4 RELIABILITY OF THE ATTITUDE SCALE

The Attitude Scale consisted of a ten-item scale, which was used at the beginning
and at the end of the semester as were the CLEI and QTI. This scale, which was
based on the Test Of Science Related Attitudes (TOSRA) was adapted for physical

chemistry laboratory class as noted in Chapter 3.

The alpha reliability of the Attitude Scale was found to be 0.71, when the individual
was used as the unit of analysis, and 0.91 when the class mean was used as the unit
of analysis. As with the CLEI and QT]I, the reliability of class means was higher than

the reliability when the individual student was used as the unit of analysis.
4.5 CHAPTER SUMMARY

This chapter describes the validity and the reliability of 35-item CLEI (the Actual
and Preferred Forms), 48-item QTI (the Actual and Ideal Forms) through the use of

analyses. As well, the reliability of the Attitude Scale was also noted.

For the CLEI, it was found that the reliability was suitable and the CLEI could be
used with confidence in this study. As well figures of the mean correlations with the
other scales indicated that each of the CLEI scales measured distinct aspects of the
physical chemistry laboratory environments in classrooms. The eta’ also showed the
perceptions of students in different classrooms differ significantly except with the

Open-Endedness scale.
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For the QTI, the reliability figures were higher than those for the CLEIL The etd’
indicated that perceptions of students in different classrooms are differentiated
except with the Student Responsibility/Freedom and Strict scales. Additionally, inter-
scale correlation, which showed for both the individual and the class mean as the unit
of analysis were a high correlation between adjacent scales and a low correlation

between opposite scales in the model.

The Attitude Scale can also be used in this study with confidence because the figure
of reliability is quite high.

It can be seen that the CLEI, QTI and the Attitude Scale are suitable for use in this
research study as indicated with this Thai sample. As well, previous research studies
have reported similar results. The next chapter describes the application of the CLLEI
and QTI in this study in Thailand.
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CHAPTER 5

QUANTITATIVE RESULTS

5.1 INTRODUCTION

The previous chapter described the validation and reliability of the CLEI and QTI,
which addressed Research Question 1 referred to in Section 3.3 of Chapter 3 of this
thesis. This chapter presents students’ perceptions of their actual and preferred
learning environments, and their actual and ideal teacher interpersonal behaviours. It
also presents the data describing associations between students’ perceptions of the
classroom environment and their attitudinal outcomes, and between perceptions of
classroom environment and cognitive and practical achievement outcomes. As well,
this chapter notes the mean scores of the attitude and achievement tests.
Additionally, the associations between the students’ perception of their teacher’s
interpersonal behaviour and students’ attitude, and between perceptions of this
interpersonal behaviour and cognitive and practical achievement outcomes are also

included in this chapter.

5.2 STUDENTS’ PERCEPTIONS OF THEIR ACTUAL AND PREFERRED
LEARNING ENVIRONMENTS

As mentioned in Chapter Two, more congruence between actual and preferred
classroom environments could enhance students’ outcomes (Fraser & Fisher, 1983a,
1983b; Fraser, 1994). Therefore, one of the aims of the study was to establish the

degree of congruence between students’ actual and preferred learning environments.

90



5.2.1 The Laboratory Learning Environment

This section details students’ perceptions of their actual and preferred learning
environments at the beginning of the semester by using the CLEI (Chemistry
Laboratory Environment Inventory) that was modified from the SLEI (Science
Laboratory Environment Inventory). The ¢ test is a useful technique for comparing
mean values of two number sets. In this study, the paired sample ¢ test was used to
determine whether the differences between actual and preferred means were
statistically significant. The actual-preferred difference for the Material Environment
scale was the only statistically significant difference on the scales of the CLEL As
shown in Table 5.1 and Figure 5.1, at the beginning of the semester the students
preferred a physical chemistry laboratory environment with a higher level of material

environment to the actual level they perceived in the physical chemistry laboratory.

Table 5.1
Actual and Preferred Means and Differences on Scales of the CLEI (Beginning of Semester)

Preferred Actual Difference t test
(Preferred-Actual)
Student Cohesiveness 27.80 27.84 -0.04 0.14
Open-Endedness 21.53 21.26 0.27 0.63
Integration 26.85 26.54 0.31 0.82
Rule Clarity 26.44 26.04 0.40 1.09
Material Environment 26.38 24.79 1.59 431

*5<0.001, n= 100
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Figure 5.1. Scale means for the actual and preferred forms of the CLEI (Beginning of

Semester).

The end of the semester results are shown in Table 5.2 and Figure 5.2. These results
allow a comparison of students’ perceptions of their actual learning environments at
the end of the semester with what they actually perceived at the beginning of the
semester. It indicates that the students perceived a laboratory environment with
higher levels of student cohesiveness and open-endedness at the end of the semester
than what they perceived to be present at the beginning of the semester. Paired

sample 7 tests showed that the differences on those scales were significantly different.

Table 5.2
Pre Actual and Post Actual Means and Differences on Scales of the CLEI

Pre Actual Post Actual Difference 1 test

(Post-Pre Actual)

Student Cohesiveness 27.84 28.87 1.03 211"
Open-Endedness 21.26 22.39 1.13 237
Integration 26.54 27.53 0.99 1.71
Rule Clarity 26.04 26.79 0.75 1.57
Material Environment 24.79 24.09 -0.70 1.17

*p<0.05, n = 100
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Figure 5.2. Scale means for pre and post actual forms of the CLEL

A comparison of students’ perceptions of their actual learning environments at the
end of the semester with their preferred environments at the beginning of the
semester is shown in Table 5.3 and Figure 5.3. It can be seen that the students
actually perceived a laboratory environment at the end of the semester with a higher
level of student cohesiveness than what they preferred at the beginning of the
semester. However, the students actually perceived a laboratory environment at the
end of the semester with a lower level of material environment than what they
preferred at the beginning of the semester. The paired sample 7 tests indicated that
these differences were statistically significant, It is noteworthy that for the scale of
Student Cohesiveness the students’ perception of their actual situation exceeded their
previously preferred environment. Also, the material environment provided in these

laboratories is still unsatisfactory.

93



Table 5.3
Preferred and Post Actual Means and Differences on Scales of the CLEI

Preferred Post Actual Difference t test
(Preferred-Post
Actual)

Student Cohesiveness 27.80 28.87 -1.07 2.20%
Open-Endedness 21.53 22.39 -0.86 1.76
Integration 26.85 27.53 -0.68 1.22
Rule Clarity 26.44 26.79 -0.35 0.77
Material Environment 26.38 24.09 2.29 4,16%*

*p<0.03, **p<0.001, n = 100
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Figure 5.3. Scale means for preferred and post actual forms of the CLEL

Overall, Thai chemistry teachers should attempt to improve the open-endedness of
activities and improve the material environment to create a better classroom

environment. In the mean time, the improved cohesion of the students should be

maintained in the laboratory classrooms.
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5.2.2 The Interpersonal Teacher Behaviour

This section describes students’ perceptions of their teachers’ actual and ideal
interpersonal behaviours at the beginning and end of the semester by using the QTI.
Teachers could use such information to modify their behaviours. Table 5.4 and

Figure 5.4 present these results.

Paired sample ¢ tests shown in Table 5.4 reveal that, the differences on the
Leadership, Dissatisfied and Strict scales were significantly different. At the
beginning of the semester, students preferred their ideal teacher to have higher levels
of leadership behaviour to the actual teacher behaviour they perceived to be present.
However, students preferred their ideal teacher to have lower levels of dissatisfied
and strict behaviours than what they observed in their actual teacher. These results
are similar to those of Levy, Créton, and Wubbels (1993) for a sample of Dutch and
American students. Moreover, Henderson, Fisher, and Fraser (1995) revealed that
teachers, who showed strong leadership and less dissatisfaction were preferred by

Australian students.

Table 5.4
Ideal and Actual Means and Differences on Scales of the Q11 (Beginning of Semester)
Ideal Actual Difference £ test
(Ideal-Actual)
Leadership 20.86 19.94 0.92 3.20%%
Helping Friendly 20.01 19.55 0.46 1.65
Understanding 20.24 19.76 0.48 1.64
Student Resp./Freedom 13.37 13.58 -0.21 0.53
Uncertain 7.76 7.6 0.16 0.47
Dissatisfied 8.35 9.10 -0.75 2.44%
Admonishing 6.84 743 -0.59 1.76
Strict 14.56 15.95 -1.39 3.44%%

*p<0.03 , *¥p<0.01, n=100
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Figure 5.4. Scale means for ideal and actual forms of the QTI (Beginning of Semester).

The end of the semester results shown in Table 5.5 and Figure 5.5, indicate that the
students observed that their teachers at the end of the semester had a level of
admonishing behaviour lower than what they observed at the beginning of the
semester. The difference in the means on the Admonishing scale was significantly

different, but there were no significant differences on any of the other scales of the

QTL

Table 5.5
Pre and Post Actual Means and Differences on Scales of the QTI

Pre Actual Post Actual Difference 1 test

(Post-Pre Actual)

Leadership 19.94 20.07 0.13 0.30
Helping Friendly 19.55 19.01 -0.54 1.11
Understanding 19.76 19.74 -0.02 0.05
Student Resp./Freedom 13.58 12.88 -0.7 1.51
Uncertain 7.6 7.03 -0.57 0.93
Dissatisfied 9.10 8.40 -0.7 1.25
Admonishing 7.43 5.86 -1.57 2.60*
Strict 15.95 15.19 -0.76 1.28

*p<0.05, n=100
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Figure 5.5. Scale means for pre and post actual forms of the QTIL.

As with the CLEI, students’ perceptions of their teachers’ interpersonal behaviour at
the end of the semester were compared with their ideal teachers’ behaviours. These
results are presented in Table 5.6 and Figure 5.6. Paired sample ¢ tests reveal that the
differences on the Leadership and Helping/Friendly scales were significantly
different. Students preferred their ideal teacher at the beginning of the semester to
have higher levels of leadership and helping friendly behaviours than their teachers
showed at the end of the semester. These results are similar to the previous research
(Fraser, 1991; Henderson, Fisher, & Fraser, 1995; Levy, Créton, & Wubbels, 1993;
Wong & Fraser, 1994) in which there were differences in students’ perceptions of

their actual and ideal teacher behaviours.
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Table 5.6
Ideal and Post Actual Means and Differences on Scales of the Q11

Ideal Post Actual Difference ftest
(Ideal-Post Actual)

Leadership 20.86 20.07 0.79 2.1%
Helping Friendly 20.01 19.01 1.00 2.19*
Understanding 20.24 19.74 0.5 1.13
Student Resp./Freedom 13.37 12.88 0.49 1.01
Uncertain 7.76 7.03 0.73 1.14
Dissatisfied 8.35 840 -0.05 0.09
Admonishing 6.84 5.86 0.98 1.84
Strict 14.56 15.19 -0.63 1.09

#*p<0.05, n=100
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Figure 5.6. Scale means for post actual and ideal forms of the QTT.

As the students observed their actual teacher at the end of the semester to have the
levels of leadership and helping/friendly behaviour lower than they preferred,
teachers should attempt to increase their leadership and helping/ friendly behaviowrs.
As well, the teachers might decrease the level of admonishing behaviour. This way,

the quality of teaching might be enhanced in the future.
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5.3 MEAN SCORES OF THE ATTITUDE AND ACHIEVEMENT TESTS

This section presents the mean scores and standard deviations of the attitudinal,
cognitive and practical results for physical chemistry obtained from 100 students.
The results of the attitude scores toward the physical chemistry laboratory are
presented in Tables 5.7 and 5.8. The results in Table 5.8 obtained from the students
were used to construct the graph shown in Figure 5.7. The results presented in Table
5.7 show that there was a significant improvement in attitudes toward the physical
chemistry class. The standard deviations show that there was a greater deviation from
the mean on the pretest than among the posttest scores. The pretest score of 22.03
when converted to an item mean score is 2.23 which is between ‘Not Sure’ and
‘Agree”. The post-test score as an item mean is 2.40. Therefore, the students have
quite a positive attitude towards their class. Similarly, Henderson (1995) in a study of
Biology classes in Australia found the students’ attitude to be at the same level of
2.40.

The results shown in Table 5.8 indicated that the greatest improvement occurred in
Classes 3 and 4. In fact, the improvement shown in Classes 1 and 2 were not

statistically significant. Figure 5.7 shows this graphically.

Table 5.7
Means and Standard Deviations (SD.) of Attitude Scores in Physical Chemistry Laboratory
Obtained from the Whole Sample

Pretest Posttest Difference t test SD SD
(Posttest-Pretest) {Pretest) {Posttest)
Attitude score 22.03 24.03 2.00 4,76* 3.17 2.68

* p<0.001, n= 100

Table 5.8
Means and Differences of Attitude Scores in Physical Chemistry Laboratory Obtained from
Students in Four Classes

Pretest Posttest Difference ftest
(Posttest-Pretest)
Attitude score for Class 1 23.09 24.65 1.56 1.57
Attitude score for Class 2 22.57 23.30 0.73 1.01
Attitude score for Class 3 21.40 23.83 2.43 4.64%%
Attitude score for Class 4 20.76 24.82 4.06 3.06%

#*p<(,01, ¥¥p<0.001, n= 100
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Figure 5.7. The mean attitude scores in physical chemistry laboratory at the beginning and
end of the semesters obtained from students in four classes.

The results of the cognitive tests in physical chemistry are shown in Table 5.9 and
Figure 5.8. Furthermore, class by class differences are shown in Tables 5.10 and
Figure 5.8. It can be noted in Table 5.9 that there was a significant improvement in

cognitive results.

It can be seen in Table 5.10 and Figure 5.8, the greatest improvement in students’
cognitive performance was in Classes 1 and 3. No statistically significant

improvement occurred in the other two classes.

Table 5.9
Means and Standard Deviations (SD.) of Cognitive Scores in Physical Chemistry Obtained
from the Whole Sample

Pretest Posttest Difference 1 test SD SD
(Posttest-Pretest) (Pretest) (Posttest)
Cognitive score 11.70 12.70 1.00 2.20% 2.97 3.46

*p<0.05, n =100
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Table 5.10
Means and Differences of Cognitive Scores in Physical Chemistry Obtained from Students in
Four Classes

Pretest Posttest Difference t test
(Posttest-Pretest)

Cognitive score for Class 1 10.73 12.45 1.72 2.08*
Cognitive score for Class 2 11.84 11.39 -0.45 0.49
Cognitive score for Class 3 11.29 12.74 1.45 2.07*
Cognitive score for Class 4 13.86 15.93 2.07 1.63
*p<0.05, n=100

g 18 4

3 161

2 1y

éﬂ 10 4 Opretest

s 84 M posttest

g 61

s 17

o 27

g o0 ;

N W &) L Q
& & & &
C}Q (}‘b O‘b C} . &
&

Classes and Whole Group

Figure 5.8. The mean cognitive scores in physical chemistry at the beginning and end of the
semesters obtained from students in four classes.

Similarly, the results of the practical tests in physical chemistry obtained from
students are shown in Tables 5.11 and 5.12 and Figure 5.9. The results in Table 5.11
show that there was a significant improvement in practical scores across the whole
sample. As well, the standard deviations of those scores were the smallest when they
were compared with that of the other outcomes. This implies that the scores for the

practical tests were least spread from the mean score.

As shown in Table 5.12 and Figure 5.9, the improvement in practical test results was

greatest in Classes 1 and 4, especially those in Class 1.
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Table 5.11
Means and Standard Deviations (SD.) of Practical Scores in Physical Chemistry Obtained
Sfrom the Whole Sample

Pretest Posttest Difference t test SD SD
(Posttest-Pretest) (Pretest) (Posttest)
Practical score 10.84 11.47 0.63 4.27* 1.51 1.94

*<0.001. n= 100

Table 5.12
Means and Differences of Practical Scores in Physical Chemistry Obtained from Students in
Four Classes

Pretest Posttest Difference t test
(Posttest-Pretest)

Practical score for Class 1 11.87 13.43 1.56 4:52%*
Practical score for Class 2 10.23 10.39 0.16 0.60
Practical score for Class 3 9.77 10.23 0.46 117
Practical score for Class 4 12.32 12.89 0.57 2.80%
**p<0.001, *p<0.05, n=100
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Figure 5.9. The mean practical scores in physical chemistry at the beginning and end of the
semesters obtained from students in four classes.

The results shown in Table 5.13 and Figure 5.10 indicated that, on the average
students did improve their practical skills and cognitive achievement as well as

having better attitudes to their physical chemistry classes.
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Table 5.13
Means and Differences of the Three Tests in Physical Chemistry Obtained from the Whole

Sample

Pretest Posttest Difference t test
(Posttest-Pretest)
Attitude Test 22.03 24.03 2.00 4.76%*
Cognitive Test 11.70 12.70 1.00 2.20*
Practical Test 10.84 11.47 0.63 4 2TH*
**p<0.001, *p<0.05, n=100
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Figure 5.10. The mean scores on the three tests in physical chemistry at the beginning and
end of the semesters obtained from the whole sample.

5.4 ASSOCIATIONS BETWEEN THE STUDENTS’ PERCEPTIONS OF THE
CLASSROOM ENVIRONMENT AND STUDENT OUTCOMES

This research study also investigated associations between the students’ perceptions
of the learning environment and their attitudinal and achievement outcomes. The
associations were analyzed by simple and multiple correlations, and results were

reported separately for attitude and cognitive achievement outcomes.

Associations between the students perceptions of the learning environment and
students’ attitude are discussed in Section 5.4.1, whilst the associations between the
learning environment and students’ cognitive achievement are described in Section

54.2.
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5.4.1 Associations Between Students’ Perceptions of the Laboratory Learning

Environments and Students® Attitude

This section discusses the simple and multiple correlations used to analyze
associations between the classroom environment scales of the CLEI and students’

attitude.

Table 5.14 shows that the associations between the students’ perceptions of the
laboratory learning environment and a ten-item Attitude Scale based on the Test Of
Science Related Attitudes (TOSRA) (Fisher, Henderson, & Fraser, 1995; Fraser,
1981) as measured by simple and multiple correlation. The simple correlation figures
were statistically significant for the Student Cohesiveness, Open-Endedness and
Material Environment scales, suggesting that student’ attitudes were more likely to
be positive where students perceived greater student cohesiveness, open-endedness
and material environment. These findings were similar to those of previous studies.
For example, Quek, Wong and Fraser (2001) revealed statistically significant
correlations between students’ attitudes and the Student Cohesiveness and Open-
Endedness scales among gifted students in Singapore. Moreover, this was similar to
the previous study of Kijkosol (2005) in which the Student Cohesiveness scale

related to students’ attitudes in biology classes in Thailand.

Table 5.14
Simple Correlation (r) and Multiple Regression (8} for Associations Between Students’
Attitude and CLEI Scale

CLEI Scale Attitude to Physical Chemistry Laboratory
r p
Student Cohesiveness 0.20* 0.08
Open-Endedness 0.20% 0.21%*
Integration 0.18 0.10
Rule Clarity 0.11 -0.08
Material Environment 0.25* 0.22%
Multiple Correlation, R 0.35%
R? 0.12

*p<0.03, n = 100
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The beta weight (8) which indicates the association between an outcome and a
particular scale when other scales are controlled, reveals two statistically significant
results (p<0.05) for the Open-Endedness and Material Environment scales. Both
these scales were positively associated with the attitude scores when other CLEI
scales were controlled. This was similar to the previous study of Quek, Wong and
Fraser (2001) in which the Open-Endedness scale showed a significant association

with students’ attitudes when other scales are controlled.

The multiple correlation, R of 0.35 was significant and positive. The R? figure shows
that 12% of the variance in students’ attitudes was accounted for by students’

perceptions of their laboratory learning environments.

In current teaching involving science laboratory environment, the students’
perceptions of their laboratory learning environments should be taken into account
more. Laughlin (2003) also recommended that positive attitudes to education should

be developed in children in Thailand.

5.4.2 Associations Between the Students’ Perceptions of the Laboratory

Learning Environments and Cognitive and Practical Achievement

This section discusses the results of simple and multiple correlations used to analyze
associations between the classroom environment scales of the CLEI and students’
cognitive achievement. Students’ examination scores were used as measures of

cognitive achievement.

For exam scores in physical chemistry (Table 5.15), the simple correlation was only
statistically significant for the negative figure of the Rule Clarity scale, indicating
that students’ exam scores were lower where the students perceived stronger rule
clarity. The negative significance of the Rule Clarity scale similarly replicated the
previous study of Henderson, Fisher, and Fraser (1995) using the SLEI for biology

students in Tasmania, Australia.
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Table 5.15
Simple Correlation (v) and Multiple Regression (fj) for Associations Between Student
Cognitive and Practical Achievement and CLEI Scales

Scale Cognitive Score Practical Score
r B r B

Student Cohesiveness -0.13 -0.04 0.20* 0.15
Open-Endedness 0.04 0.09 0.32%% 0.31%*
Integration -0.05 0.11 -0.03 -0.15
Rule Clarity -0.21* -0.27* 0.05 -0.03
Material Environment 0.01 0.15 0.13 0.15
Multiple Correlation, R 027 0.39*#
R 0.08 0.15

*p<0.05, ** p<0.01, n= 100

The beta weight () reveals one statistically significant figure (p<0.05). The multiple
regression analysis indicates that the Rule Clarity scale retained its significance when

other CLEI scales were controlled.

The multiple correlation {R) was not significant with a value of 0.27. This figure
indicates that associations were not strong between students’ perception of the
learning environment and their cognitive achievement. This was similar to a
previous study of Henderson, Fisher, and Fraser (1995) when they assessed students

in Tasmania, Australia using the SLEL

Table 5.15 also reports the simple correlations of associations between the classroom
environment scales of the CLEI and student scores on a practical test. The simple
correlation was statistically significant for the Student Cohesiveness and Open-
Endedness scales, suggesting that the students’ result for the practical test was higher

when they perceived more cohesion and open-endedness.
The beta weight (5) reveals one significant figure (p<0.01). The multiple regression

analysis indicates that the Open-Endedness scale was positively associated with the

practical test when other CLEI scales were controlled.
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The multiple correlation R and R? resulted in positive figures of 0.39** and 0.15
respectively. The R’ figure shows that 15% of the variance in student practical test
scores was accounted for by students’ perceptions of their laboratory learning

environments.

Results such as these, involving associations between classroom environments that
were related to student outcomes should be used in laboratory classrooms. Rule
clarity and open-endedness are particularly important in laboratory situations.
Teachers should use their knowledge of classroom environments to bring about
improvement of achievement outcomes and attitudes to students. The College of
Education also suggested that Thai science teachers should recognize the importance
of the classroom environment while teaching their students (MSU Cross-University

collaboration helps build environmental education in Thailand, 1996)

5.5 ASSOCIATIONS BETWEEN STUDENTS’ PERCEPTIONS OF THEIR
TEACHER’S INTERPERSONAL BEHAVIOUR AND  STUDENT
OUTCOMES

The previous section showed associations between the students’ perceptions of the
learning environment and their outcomes. This section discusses associations
between students’ perceptions of their teacher’s interpersonal behaviour and
outcomes. These associations again were analyzed by simple and multiple
correlations, and results were then reported separately for attitude and achievement

outcomes.

Associations between interpersonal behaviour and attitude are discussed in Section
5.5.1, whilst associations between interpersonal behaviour and cognitive
achievement are later described in Section 5.5.2.

5.5.1 Associations Between Interpersonal Behaviour and Student Attitude

Table 5.16 shows the association data between interpersonal behaviour and a ten-
item of Attitude Scale based on the Test Of Science Related Attitudes (TOSRA)
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(Fraser, 1981; TFisher, Henderson, & Fraser, 1995). The Leadership and
Understanding scales were positively related to student attitudes, indicating that
students’ attitude scores were likely to be higher where teachers exhibited more
leadership and understanding of students. These findings were broadly similar to the
study of Wubbels, Brekelmans, and Hooymayers, (1991) and of Henderson, Fisher
and Fraser (1994) who found that the Leadership and Understanding scales were
significantly correlated with students’ attitudes using the QTI with students in The

Netherlands and Australia respectively.

Table 5.16
Simple Correlation (v) and Multiple Regression () for Associations Between Students’
Attitude and QTI Scales

CLEI Scale Attitude to Physical Chemistry Laboratory
r p
Leadership 0.20* 0.11
Helping Friendly 0.14 -0.05
Understanding 0.23% 0.20
Student Resp./Freedom 0.05 0.02
Uncertain -0.06 0.01
Dissatisfied -0.05 0.03
Admonishing -0.06 -0.04
Strict -0.05 -0.08
Multiple Correlation, R 0.25
R* 0.06

T p<0.05,n=100

The multiple correlation shows the positive figures as 0.25, which was not
significant. The result was similar to a previous study of Quek, Wong, and Fraser

(2001) using the QTI to students in Singapore.

5.5.2 Associations between Interpersonal Behaviour and Student Cognitive and

Practical Achievement

Table 5.17 presents the association data between interpersonal behaviour and

achievement outcomes.

108



Table 5.17
Simple Correlation (v) and Multiple Regression (B) for the Associations Between Student
Cognitive and Practical Achievement and QTI Scales

Scale Cognitive Score Practical Score
r B r B

Leadership -0.01 -0.09 0.23% -0.05
Helping Friendly 0.08 0.08 0.29%%* 0.24
Understanding 0.07 -0.03 0.31%% 0.29%
Student Resp./Freedom 0.04 0.14 0.14 -0.06
Uncertain -0.08 0.14 0.07 0.28
Dissatisfied -0.25% -0.42% 0.03 0.10
Admonishing -0.12 0.03 0.01 -0.19
Strict -0.05 0.07 0.03 0.02
Multiple Correlation, R 0.32% 0.40%
R 0.10 0.16

*p<0.05 " p<0.005,n=100

The Dissatisfied scale was negatively associated with the exam scores. This indicates
that students’ exam scores were lower where teacher enforced stronger dissatisfied
behaviour in laboratory classrooms. This finding was similar to the previous study of

Rickards (1998) using the QTT to Australian students.

The beta weights () revealed one significant figure (p<0.01). The multiple
regression analysis indicates that the Dissatisfied scale retained its significance when

other QTI scales were controlled.

The multiple correlation (R) of 0.32 indicates that associations between students’
perception of interpersonal behaviours and exam scores were not strong with only
10% of the variance in cognitive achievement being predicted by students’

perception of their teacher’ s interpersonal behaviour.

Table 5.17 also reports the simple and multiple correlation analyzing associations
between the interpersonal behaviour scales of the QTI and students’ practical test.
For the practical test, the simple correlation was statistically significant and positive
for the Leadership, Helping/Friendly and Understanding scales. These figures
indicated that students’ practical test was higher where the teacher provided more

leadership, helping/friendly, and understanding behaviours in laboratory classrooms.
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This finding was different to the previous study of Henderson, Fisher, and Fraser
(1995) in which no significance of simple correlation scales was found except the

Student Responsibility/Freedom and Strict scales.

The beta weights (f) revealed one significant figure (p<0.05). The multiple
regression analysis indicates that the Understanding scale was positively associated
with students’ practical test scores. This means that students’ practical test scores
were higher where teacher were more understanding of students. These findings were
different to the previous study of Henderson, Fisher, and Fraser (1995) in which the

only significant beta weight was with the Strict scale.

The multiple correlation was significant with a value of 0.40. The R? figure also
shows that 16% of the variance in student practical test results was accounted for by

students’ perceptions of their teachers’ interpersonal behaviours.

From the associations’ results, it should be underlined that Thai physical chemistry
teachers should give more attention to their interpersonal behaviour with their

students. This might result in higher student achievement in physical chemistry.
5.6 CHAPTER SUMMARY

Associations between students’ perceptions of classroom environment and teacher
interpersonal behaviour with attitude, cognitive and practical achievement outcomes
have been reported in this chapter. Also, differences between students’ perceptions at

the beginning and end of the semester were given.

The results from students’ perceptions of classroom environments indicated that: 1)
students preferred a better material environment from what they actually perceived to
be present at the beginning of the semester; 2) an improvement was found in the
students’ perception of their actual classroom environment in terms of student
cohesiveness and open-endedness at the end of the semester; and 3) students’
perceived actual environments at the end of the semester was higher on student
cohesiveness and lower on material environment than the preferred environments at

the beginning of the semester.
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Also, students’ perceptions of teacher-student interactions revealed; 1) students felt
that at the beginning of the semester, teachers exhibited higher levels of dissatisfied
and strict behaviours, and a lower level of leadership than they thought would be
present in ideal teachers; 2) students agreed that the teachers actually interacted with
students at the end of the semester with a level of admonishing behaviour lower than
that at the beginning of the semester; 3) at the end of the semester, students perceived
that the levels of leadership and helping friendly behavious of actual teachers were

lower than what they expected in ideal teachers.

In terms of student attitudes to their physical chemistry laboratory, attitudinal
outcomes were positively associated with the Student Cohesiveness, Open-
Endedness and Material Environment scales. Furthermore, the Open-Endedness and
Material Environment scale retained their significance in the regression analysis.
Also, a negative association between the Rule Clarity scale and cognitive
achievement was found, and this was conserved in the regression analysis. In relation
to practical outcomes, positive associations were found between the Student
Cohesiveness and Open-Endedness scales and outcomes. In addition, the regression

analysis revealed that Open-Endedness retained its significance.

In teacher-student interactions, attitudinal outcomes were positively associated with
the Leadership and Understanding scales. However, in the regression analysis no
significant association was retained with these two scales. However, a negative
association between the Dissatisfied scale and cognitive achievement was found.
Positive associations between the Leadership, Helping/Friendly and Understanding

scales, and practical achievement were also found.

An examination of differences between pre and posttests indicated that on the whole,

students were able to improve their achievement outcomes.

These results are discussed further in the last chapter. The next chapter presents the

qualitative results obtained from twelve students in four Rajabhat Universities.
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CHAPTER 6

QUALITATIVE DATA FROM STUDENTS

6.1 INTRODUCTION

The previous chapter detailed the quantitative data results from students in four
Rajabhat Universities in Thailand and addressed research questions 2 to 6 proposed
in Section 3.3 of this thesis. This chapter reports qualitative results from twelve
students in four Rajabhat Universities, namely Kamphaeng Phet, Phitsanulok,
Phanakhon and Maha Sarakham Rajabhat Universities. Information from both
written accounts and oral interviews was collected in this study. The purpose of the
qualitative data was to provide clarification of the results from the questionnaires and
to provide additional viewpoints on the laboratory learning environment and teacher

behaviour.

6.2 INTERVIEW RESULTS

When quantitative methods are combined with qualitative methods, they provide a
more complete examination of classrooms and schools at the present. During the
interviews, students were asked to comment on aspects of the learning environments

of their classes that related to the scales of the CLEL

As discussed in Chapter 5, the results from the use of the CLEI (see Table 6.1)
showed that students perceived cohesiveness, integration, rule clarity, material
environment and open-endedness, with item means of 4.02, 3.87, 3.75, 3.74 and

3.01, respectively.
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Table 6.1
Item Means and Standard Deviations for the CLEI

Scale Item Mean Standard Deviation
Student Cohesiveness 402 0.50
Open-Endedness 3.01 0.56
Integration 3.87 0.59

Rule Clarity 3.75 0.55
Material Environment 3.74 0.65
n=198

In this chapter, Section 6.2.1 presents the opinions of the students based on their
responses to interview questions about aspects of the laboratory classrooms
measured by the CLEL Moreover, these results provide additional qualitative data

that support its validation of the CLEL

6.2.1 Questions and Answers of Student Interviews

Questions asked by the researcher were the same to each student and requested
information on each scale in turn. The students’ comments are grouped according to
their universities. In this section, the letters and numbers are used behind each
interview sentence: A, B, C and D referring to each of the four universities; and 1, 2

and 3 referring to the three students who participated in the interviews.

6.2. 1.1 Student Cohesiveness

This section deals with the cohesion of students, such as whether the students help
and support each other in the laboratory classroom. The students provided their

opinions in relation to the following question:

Did your friends help, know or support you during laboratory activities? (Item

mean was 4.02.)

Yes, I could say that because most of the students in the laboratory classroom
were good and cooperative. (A1)

Indeed, cooperation in the physical chemistry laboratory classroom
occasionally happened after we started doing laboratory work. (42)
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It was very good while my friends and I got to know each other in the short
time we had in the physical chemistry laboratory classroom. (43)

When I had some problems in laboratory sessions, my friends always helped
me in the physical chemistry laboratory classroom. (Bl)

Whenever the teacher asked me a question, we cooperated and consulted
each other. So I liked this situation in this laboratory classroom. (B2)

In the laboratory classroom, I thought that it was very warm because most of
us got to know each other well. (B3)

Yes, I always had a good time in the laboratory class. Moreover, most of us
go on well in the physical chemistry laboratory classroom. (C1)

I had some cooperation and unity with my friends in the physical chemistry
laboratory classroom. (C2)

Sometimes, a direction made us confused so everybody tended to depend on
each other during the physical chemistry laboratory sessions. (C3)

Certainly, we worked cooperatively in the physical chemistry laboratory
classroom so that we often got new knowledge whilst we were doing
laboratory work. (D1)

I perceived the good learning environment in the physical chemistry
laboratory classroom, such as my friends. So I got to know everybody in the
short time we had in that classroom. (D2)

Every student in the physical chemistry laboratory classroom was like me in
that they got on well with their friends in that classroom. (D3)

From the results of the interview, it appeared that most students were likely to know,
help and support other students. It would appear that in the physical chemistry
laboratory, the students got on well together. This reflects the item mean of 4.02 for

the Student Cohesiveness scale.

6.2.1.2 Open-Endedness

This scale assesses the extent to which an open-ended, divergent approach is taken to
laboratory activities. This approach would allow students the freedom to do different
alternative experiments to those prescribed. Students were asked the following

question:
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Were your physical chemistry experiments designed in an open-ended manner?

Were you able to design some of your experiments? (Item mean was 3.01.)

My teacher often set his laboratory activities and said that he had to be
hurried for teaching. So I was not able to plan the best way of doing physical
chemistry experiments. (A1}

When my teacher was busy, such as he would have a meeting, he did not
decide a good way of doing physical chemistry experiments unless I asked
him. (A2)

I was left to do some physical chemistry experiments on my own because my
teacher expected me to have a skill on laboratory work. (A3)

I often found that the data of my physical chemistry experiments were
different from my friends when we were working on the same problem. (B1)

There were many laboratory activities in one semester which were very
heavy, therefore, I could decide by myself to do physical chemistry
experiments. (B2)

Although there were many laboratory activities in one semester which were
very heavy, I could collect data the same as my friends in the physical
chemistry laboratory class. (B3)

I was interested in deciding the best way that my teacher encouraged me in
the physical chemistry laboratory class. (C1)

I did not like the way of doing physical chemistry experiments that was
decided from my teacher because I preferred to show my creative thinking in
the laboratory class. (C2)

I had a good chance to do physical chemistry laboratories on my own in the
laboratory class if I had the free time. (C3)

Yes, it was a good to do it myself. I had a good chance of doing physical
chemistry experiments on my own which was interesting. (DI)

Although my teacher set his laboratory activities in a laboratory room, I was
able to proceed with physical chemistry experiments on my own. (D2)

My teacher did not really decide on good physical chemistry experiments in

the laboratory classroom because he was not interested me while I was doing
the laboratory work. (D3)

The results of the interview indicated that six students had some opportunity to

decide their experiment directions, however, one student considered that he/she did
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not have such an opportunity. Another student disliked such experimental direction
decided by a teacher, and two students did not receive good direction from him/her.
Some students responded about working with their friends rather than in relation to
open-endedness. Therefore, some of the students perceived that an open-ended,
divergent approach was taken with some experimental work. Overall, these

comments are a reflection of the unsure response of 3.01 on the questionnaire.

6.2.1.3 Integration

The Integration scale assesses the extent to which the practical activities of the
laboratory course are integrated with the non-laboratory or theory classes. Students

expressed their opinions as follows:

Did your physical chemistry laboratory relate to your regular science classes?

(Item mean was 3.87.)

I actually found the theory of regular science classes related to the physical
chemistry laboratory topics. I was satisfied because I could get more
knowledge. (Al)

After I finished the physical chemistry class, I was able to use that knowledge
for the physical chemistry laboratory proceeding which was interesting. (42)

The physical chemistry laboratory was occasionally related to the physical
chemistry theory so sometimes I did not make sense of the laboratory work.
(A3)

The physical chemistry laboratory knowledge helped me understand more of
the physical chemistry theory while I was studying that theory class. (BI)

I liked integrating the physical chemistry class and the laboratory work so
that I could expand my knowledge on the science topic. (B2)

I did not use the physical chemistry laboratory fo understand theory in a
regular science class. It would be better, if my teacher gave me information
to increase that understanding. (B3)

I found that the physical chemistry topics were occasionally integrated with

laboratory activities. Some topics reminded me of the laboratory knowledge
class. (C1)
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I could say that there was a lot of laboratory work to do in a semester but 1
regcognised that some physical chemistry laboratory topics were integrated
with the physical chemistry theory. (C2)

Truly, the physical chemistry laboratories helped me clarify the work of the
theory class. Moreover, they made me understand more the general science.
(€3)

Iwould say that... yes, the experiments were related to science classes if I did
not forget. I now had increased skill for laboratory work. (D1)

Yes, I though that the theory was important to relate with the laboratory
classes. During laboratory classes, I hence used my knowledge of theory to
help my laboratory understanding. (D2)

1 did not use the physical chemistry theory to help my physical chemistry
laboratories. I could not explain...why I did not. Probably, my teacher did
not give me information for that relation. (D3)

The results of the interviews indicated that seven students perceived a degree of
integration between the laboratory and non-laboratory classes because they could use
the theory gained from science class sessions during laboratory activities. Moreover,
three students understood that such an integration seemed to present in a laboratory
classroom. However, two students thought that the laboratory was not related with
non-laboratory classes. Generally, students saw that the laboratory activities were
integrated with non-laboratory and theory classes and these comments are a

reflection of the response of 3.87 on the questionnaire.

6.2.1.4 Rule Clarity

The Rule Clarity scale assesses the extent to which behaviour in the laboratory is
guided by formal rules. Students were asked the following questions in the

interviews:
Do you have rules in the physical chemistry laboratory class, such as safety

precautions? What do you think of these rules? Are they clear? (Item mean was

3.75.)
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My teacher presented the safety precautions to me before I did physical
chemistry experiments so that I could do things safely in the laboratory class.

(41)

In my opinion, my laboratory was not boring even though the teacher told me
the rules of the physical chemistry laboratory class during laboratory
activities. (A2)

The laboratory was occasionally under clear vules guiding my activities. I
would like the teacher to tell me what happens when these rules are needed.
(43)

The physical chemistry laboratory course had clearer and more specific rules
than the other lab classes. In this way, there was no danger to me during
laboratory work because I made sense of all the rules. (B1)

I was not sure that there were certain rules in the physical chemistry
laboratory classroom. I liked these rules because they could guide the
laboratory activities to me. (B2)

I did not like most of the rules in the physical chemistry laboratory so [
Jfollowed only a few rules in that physical chemistry laboratory classroom.
(B3)

My teacher told me the safety rules during the time I did physical chemistry
experiments. That was the important information that I needed while I was
doing those experiments. (C1)

Well for me, there were safety rules in the physical chemistry laboratory
class. These were safety precautions before my laboratory sessions. (C2)

I did not follow some rules in the physical chemistry laboratory class. Some
of them were imposed on me, such as I should not eat food in the laboratory
room. (C3)

There were clear rules in the physical chemistry laboratory class that I had to
Jollow. I found that this did not trouble me. (D1)

My teacher described the safety rules for the laboratory classroom.
Moreover, if I did not make sense of these rules, I could consult him.(D2)

My physical chemistry laboratory classroom had a few rules that were
imposed on me compared with the other science laboratory classrooms. I did
not know why? (D3)

It appears from the results of the interviews that on the whole students recognized
and perceived that certain rules and safety precautions during laboratory sessions

were enforced by their teachers. One student felt that the laboratory room seemed
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unclear in relation to the rules for work. One student appeared not to know that there
were certain rules in the laboratory room and another student disliked most of the
rules so he/she followed few of them. One other student did not understand some
rules because some of the students were disturbing, and another could not see why
the few rules were imposed on him/her. However, the majority of the students
thought that behaviour in a laboratory class was guided by formal rules. This reflects

the item mean of 3.75 on the questionnaire.

6.2.1.5 Muaterial Environment

The Material Environment scale deals with the adequacy of laboratory equipment

and material. Students expressed their opinions as follows:

Would you describe your physical chemistry laboratory classroom? Did you
have enough equipment? Was the room clean and not too crowded? (Item mean

was 3.74.)

Yes, I always found that the desks and equipment in the physical chemistry
classroom were orderly, and that equipment was adeguate for use in the
laboratory work. (A1)

The temperature in the physical chemistry laboratory classroom was
sometimes hot so I always felt unhappy while I had a class. (42)

I liked my physical chemistry laboratory classroom because that laboratory
classroom was quite new and clean. (43)

Some days, the physical chemistry laboratory class was crowded when
laboratory work was proceeding. Hence, there were errors in my data
collection. (Bl)

Some days, the equipment in the physical chemistry laboratory classroom
was not working well. But some days it was available. (B2)

I have studied at this university for more one year but I still had some
equipment in the physical chemistry laboratory class insufficient for the
experiments. (B3)

I could say that the desks were not orderly and chemical compounds smelled

in the physical chemistry laboratory classroom. I thought some officers
should be careful to clean that classroom. (Cl)
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There were enough physical chemistry laboratory rooms for work. That was
good for every one to study, otherwise I could not do the good laboratory
work. (C2)

Some days, the climate in the physical chemistry classroom was stuffy and
hot, but some days I found that it was fresh.(C3)

Some days, the temperature in the physical chemistry laboratory classroom
was hot. Some days, I found the equipment was just not available and this
caused errors in my data collection. (D1)

The shower rooms in the laboratory classroom were just not adequate for
cleaning the bodies of students when chemical compounds splashed on them.
(D2)

I liked the physical chemistry laboratory classroom for studying because it
was quite new. (D3)

The results of the interviews related to the Material Environment scale showed that
three students liked the laboratory room because it was quite new and had adequate
equipment for work, and one student added that there were enough rooms for study.
However, a student felt that the laboratory room smelled and another saw that the
equipment was not adequate for the required work. As well, another four students
indicated that the laboratory room was occasionally hot, stuffy, smelled and was too
crowded. Moreover, two students occasionally perceived insufficient and unavailable
of equipment for using in laboratory activities. Generally, about half of the students
understood that the material environments seemed to be adequate reflecting the

response of 3.74 on the questionnaire.

Qverall, the answers on physical chemistry laboratory classroom environments from
students (Sections 6.2.1.1 to 6.2.1.5) of each university were similar in relation to
each scale, indicating that the physical chemistry laboratory classroom environments
of the Rajabhat Universities are similar. For example, most of the students in each
university did help, know and support each other in the classroom, the laboratory
activities were related to the non-laboratory activities, and there were formal rules to
follow. Open-ended activities were not quite so apparent and the adequacy of the

equipment should be considered.
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6.3 WRITTEN STORY RESULTS

As with the interview results, the written stories provided a more complete picture of
school and classroom life. The students were asked to summarize their teachers’
behaviour in their classroom. Section 6.3.1 discusses the written stories provided by
the students. Section 6.3.2 confirms the validity of the QTI by considering the
number of written story results related to scales of the QT1 and whether that reflected

the actual score on that scale.

6.3.1 Questions and Description of Written Stories

This section details students’ descriptions of the interpersonal behaviour of their
teachers to clarify the results from the QTI and provide further information on
teacher behaviours. As with the interview section, the letters and numbers are used
with each of the written stories; A, B, C and D refer to the four universities; and 1, 2

and 3 refer to students one, two and three who participated in the written stories.

The Leadership scale describes a teacher’s behaviour in relation to how she/he leads,
organises, gives orders, sets tasks, determines procedure, structures the classroom
situation, explains, and holds attention in a classroom. The Helpful/Friendly scale
describes the teacher’s behaviour in relation to how he/she assists, shows interest,
joints, behaves friendly and confident manners, can make a joke, and trusts to
students. The Understanding scale is the extent to which the teacher shows he/she
listens empathises, shows confidence and understanding, accepts apologies, looks for
ways to settle differences, is patient, and is open to students. The Student
Responsibility/Freedom scale describes the teacher’s behaviour in relation to how
he/she gives opportunity for independent work, waits for class to let off stream, and
gives freedom and responsibility to students. The Uncertain scale describes the
teacher’s behaviour in relation to how he/she keeps a low profile, apologises wait,
keeps a temper, and admits one is in the wrong. The Dissatisfied scale describes the
teacher’s behaviour in relation to how he/she waits for silence, considers pros and
cons, keeps quite, and shows dissatisfaction to students. The Admonishing scale
describes the teacher’s behaviour in relation to how he/she gets angry, takes pupils to

task, shows irritation and anger, forbids, corrects, and punishes. The Strict scale
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describes the teacher’s behaviour in relation to how he/she keeps reins tight, checks

judge, gets class silent, is strict, exact norms, and set rules to students.

Numbers are used behind each sentence to indicate to which scale of the QTI the
student response refers. One means it is a leadership comment, 2 would indicate a
helpful friendly behaviour, 3 is a comment about Understanding behaviour, 4 would
refer to a student responsibility/freedom behaviour, 5 is a comment about uncertain
behaviour, 6 is a dissatisfied comment, 7 is a comment about admonishing

behaviour, and 8 would refer to a strict behaviour.

Twelve students from four Rajabhat Universities were asked for written stories about
teacher-student interactions. They were asked about each scale with similar questions

as follows:

Leadership: How would you describe your teacher’s leadership qualities in the
classroom? (Item mean was 3.43.)

Helpful/Friendly: Did your teacher help you and be friendly towards you? Please,
describe. (Item mean was 3.27.)

Understanding: Did your teacher understand you and trust you? Did your teacher let
you talk? Please, give details. (Item mean was 3.35.)

Student Responsibility/Freedom: Did your teacher always encourage you to discuss
work with your friends while he/she was teaching in the physical chemistry
laboratory? What opportunity did he/she give you for your own work in the physical

chemistry laboratory class? Could you describe what happens? (Item mean was

2.22)
Uncertain: Does your teacher’s behaviour seem to be hesitant? (Item mean was
1.35)
Dissatisfied: Did your teacher show his/her dissatisfaction of you? (Item mean was
1.54.)

Admonishing: How was your teacher’s temper, whilst he/she was in the class? Did
your teacher get angry easily? Was your teacher impatient? (Item mean was 1.20.)

Strict: Is your teacher strict with you? Are the exams hard? Did you ever break a
glassware in a laboratory class? How did your teacher respond? How did you feel?

Please, discuss (Item mean was 2.57.)
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Students’ Written Accounts

The following are extracts from the students’ written accounts considered to be

relevant.

When the teacher was teaching, he wanted his students to feel relaxed by speaking to
them in a friendly way (2). It should be noted that he liked to teach in English and
tried to give me some examples. This caused me to understand the work well (1).
Also, he tried to keep the students under control, and was patient when he was
interrupted in a classroom (3). I liked my teacher because sometimes he gave me
some free time after [ finished a discussion (4), and did not get angry easily when he
had a class (7). I also liked him because he ofien remembered my assignment (3),
and did not think that I was not able to do an experiment (6). However, I did not like

his meeting time. Anyway, his test was not really hard (8). (A1)

The teacher used a projector for teaching. He always gave oral tests to us, but we
were not able to do them because we were nervous. He let me do laboratory
experiments (4), and seemed certain about what he was teaching (3). When he was
angry, he tried to give a reason to me (7), so I liked him more. He would explain the
laboratory experiments again if I did not understand (3), and was mostly satisfied
with my answer about laboratory problems (6). On the other hand, I thought he was
not really a good leader because he did not know about some things that went on in
the classroom (1), and he was not a good helper because he was not interested in
what he was teaching (2). Moreover, he often had a meeting which consumed my

study time. Oh, his tests were not really easy (8). (A2)

The teacher liked to speak in a friendly manner and suggest to students that we
should pay more attention in the lesson in order to be more successful (2). His
dressing was very good and suitable. While we were doing experiments that were
very dangerous, he was strict with us (8). Moreover, he mostly did not listen to what
we were saying (3), and did not let me get away with anything while we were
discussing the lessons (4). Despite the fact that he was strict with the students, he
was very good at teaching (1). He tended to forget my exam timetable when he

wanted to evaluate the physical chemistry laboratory course (5), and did not get

123



angry easily (7), also was not suspicious about my exam scores (6), so I respected

him (1). (A3)

Even though my teacher sometimes taught fast, his speech was exact and helpful (2).
For example, he spoke English during teaching and always described science
experts. If I did not understand lab experiments, he often explained through using the
class (1), and he seemed to be satisfied with me while I was doing the experiments
(6). Also, he let me decide what physical chemistry laboratory activities I could do
on my own (4). Moreover, he trusted me when we had an exam (3), and he was sure
to score my work (5). I liked him because he was patient when I broke a rule,
sometimes he got a little angry while he was teaching (7) but he was not severe when

I broke some glassware (8). (B1)

The teacher’s dressing was very suitable, which was a good example to students. He
liked to teach the physical chemistry laboratory in English, but we did not
understand and did not like this (1). He let me have time fo decide on experiments
with my friends (4), and talked to me with soft tones and a friendly manner (2). He
did not seem to trust me when he_found something lost, he would not listen (3). While
some students were brushing their hairs in a classroom, he became angry (6).
Sometimes, it appeared that he was sure what to do while he was teaching (5). I liked
him because he corrected me when I broke a rule (8), but I was afraid of my teacher

when he was teaching because his face seemed unhappy (7). (B2)

1 did not like it when he had a teacher’s meeting because he did not take the class at
that time. Before teaching, he liked to talk about other things to motivate us (1) and
talked in an amusing way (2). He sometimes led me in the right progress direction,
and sometimes let me give an opinion involving experiments in the classroom. I
found it relaxing when he let me speak (4). He was willing to explain things when
something was wrong in the classroom (3), and always knew what thing he would do
(5). He did not think that I would cheat while I had an exam (6). I could say that he
was even tempered in the classroom when some things went wrong (7) As well, this

teacher’s test was not really hard (8). (B3)
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My teacher taught us well because she always explained things and fook the time fo
update the knowledge of us (1). She consulted us, helped me as much as she could
(2), and let me do an experiment that I decided upon (4). On the other hand, she was
not a strict teacher when we were doing experiments (8). I thought she would be
strict because most chemical compounds are toxic. I always found that she was
confident when she was teaching (35), but found that she was often dissatisfied with
my answers (6). In addition, she was even tempered in the classroom (7). In my

opinion, I liked her advice when I asked her (3). (C1)

My teacher always motivated us to study, and taught and explained well ().
However, she did not help me to find a book to read (2). She was a great teacher
because she understood my problems and listened to me (3), and was not suspicious
in my test answers (6). She did not get angry unexpectedly while she was teaching
(7). I liked her because sometimes she let me suggest the laboratory work to do (4). 1
could boss her about a test in a classroom (5). When she was teaching, she often

liked me to stay silent in her class (8). (C2)

My teacher sometimes helped me with laboratory work (2) but her test exams were
not easy (8). I did not decide many things about the laboratory work because she
always did experiments on her own (4). Maybe, she though that 1 did not have
laboratory knowledge so I did not have much opportunity to do experiments on my
own (6). However, she knew everything that she was doing and did not have any
problems in teaching and seemed to be sure about what to do when the experiment
Jailed (3). As well, she did not get angry easily and when we could not do the
experiments (7) well so she tried to talk and explain (1). She would let me say some

things involving the experiments (3). (C3)

My teacher taught me in a friendly manner (2) and made clear explanations (1).
Also, he was patient when I interrupted him (3). He was not really angry or did not
really punish us when I was wrong, and if he did something wrong, he would
apologize and restate (3). During an experiment class, I could talk loudly but
sometimes he told us to keep quite (8). As well, he was even tempered when he was

teaching, and sometimes he let me go away when I finished laboratory work (4).

125



However, sometimes he got angry when I did not follow the rules (7) and indicated
that he was dissatisfied my work (6). (D1)

My teacher always suggested that I attend lessons (1) and took care of me (2). When
I had a presentation in a classroom, my teacher gave me limited time (4). He
understood me the same as he understood the physical chemistry laboratory (3). In
everything that he taught, he was very confident (3). He often complained when I
talked with my friend loudly (8). However, he was dissatisfied with my exam (6), and

when I broke a rule in a laboratory class, he sometimes blamed me (7). (D2)

I liked my teacher because he knew the study that went on in a classroom (3), and he
liked to talk about things in a friendly manner before he started teaching (2), and he
seemed to remember the students’ work that he had assigned (5). He always
challenged me to ask a question whilst he was teaching (1), and to decide on what
laboratory work to do in the classroom (4). My teacher was really patient because
when somebody was wrong, he only warned him/her (7). He directed me to submit
my homework on time (8). I respected him because he thought that I could do the
experiments and did not fight with me (6). (D3)

From the results of the written accounts, it appeared that most students recognized
their teachers’ leadership behaviour in that they were good and attentive teachers.
Moreover, most of the students inferred that their teachers were helpers with a
friendly manner in the laboratory classrooms. As well, most of the students observed
the teachers’ understanding behaviour with appreciation when the teachers were
patient and interested in their work. However, there were some students who were
not so positive about the leadership, understanding and helping/friendly behaviours
of their teachers. Possibly, these students would be better off in an individual
program. For the student/responsibility and freedom behaviours, there were some
students who had positive comments about such behaviours; and some of them had
negative comments. Similarly, some students had positive comments about the strict
behaviour of their teachers and some were negative about it. That is, the balance
between the need for the strict behaviour and the need to give the student some

responsibility and freedom were commented by the students. Generally, most of the
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students believed that the teachers were very confident, were not admonishing, and

were not dissatisfied.

As with the interview results, the written stories on teacher-student interactions in the
four Rajabhat Universities from students of each university were similarly
summarized in relation to each scale, indicating that each group of Rajabhat

University students similarly observed their teacher behaviours.

6.3.2 Discussion of Written Stories

It can be seen from the written stories in Section 6.3.1 that most of the students
reported a high level of leadership behaviour demonstrated by their teachers in
laboratory classrooms. Most of the students agreed that their teachers showed
helping and friendly behaviours and were also understanding of them. Some of the
students commented that they could decide something in the laboratory classrooms
and they perceived some levels of strict behaviour from the teachers. As well, the
teachers had low levels of uncertain, dissatisfied, and admonishing behaviours.
Accordingly, the students’ written stories substantiated the validity of the QTI, as

reflected in the item means and standard deviations in Table 6.2.

Table 6.2
Ttem Means and Standard Deviations for the QTI

Item Mean Standard Deviation
Leadership (DC) 343 0.52
Helping/Friendly (CD) 3.27 0.56
Understanding (CS) 3.35 0.51
Student Responsibility/Freedom (SC) 222 0.64
Uncertain (SO) 1.35 0.75
Dissatisfied (OS) 1.54 0.73
Admonishing (OD) 1.20 0.70
Striet (DO) 2.57 0.72

n=198

Therefore, written accounts can support the validity of the QTI, and teachers are able

to use the QTI to address differences of teacher behaviours with confidence.
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6.4 CHAPTER SUMMARY

From the interview results, it is likely that most of the students did know, help and
support each other in the laboratory classrooms. Also, a large number of the students
perceived an integration between laboratory and non-laboratory classes, and the rules
and safety precautions during laboratory sessions. However, a smaller number of the
students could do experiments in an open-ended way. Accordingly, the cohesion of
students, the guiding and explanation of the results of experiments of the course, and
clear guidelines about laboratory use should be preserved. More opportunities for
designing experiments and using the results of those experiments to probe problems
might be given to the students during laboratory sessions. To improve the laboratory
physical environment, more adequate equipment and climate improvement features,
such as fans, should be available. Additionally, if the laboratory classrooms are too

crowed, the students could be divided into smaller groups for the laboratory sessions.

Most of the students were likely to have good relationships with their teachers. Most
of the students perceived their teachers as good leaders, helping, kind, confident, and
a person who admonished and expressed dissatisfaction rarely. The students had
more moderate positive comments about the giving of responsibility and freedom to

students and being strict.

Results such as these, reflect the quality of education being provided to these

students in Rajabhat Universities in Thailand.
The interview and written story information has been helpful in describing the
physical chemistry laboratory environments and the teachers’ interpersonal

behaviours. It has effectively added to the results obtained from the questionnaires.

The next chapter provides the conclusion for this research study.
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CHAPTER 7

CONCLUSIONS

7.1 INTRODUCTION

This thesis was the first to investigate the learning environment, teacher-student
interactions and educational outcomes in university physical chemistry classrooms
and laboratories in Thailand. The research study involved 100 students from four
Rajabhat Universities and examined relationships between students’ perceptions of
learning environments and their outcomes by combining quantitative and qualitative

methods within the same study.

This final chapter concludes the research study in six sections as follows: a summary
of this thesis is presented in Section 7.2; major findings that answer all of the
research questions are presented in Section 7.3; implications of this research are
discussed in Section 7.4; limitations of the study are noted in Section 7.5; possible
future directions from the outcomes of this research are considered in Section 7.6;

and a summary of the chapter and final conclusion are given in Section 7.7.

7.2 SUMMARY OF THIS THESIS

Chapter One which presents the rationale for the study, discussed the background of
this thesis, gave a description of the classroom environment questionnaires, noted the
purposes of the study, described the study’s significance, pointed out some of the

limitations of the study and ended with an overview of the thesis.
Chapter Two presented a discussion of the relevant literature in the learning

environment area. Previous research studies on classrcom environments were

discussed and the development of questionnaires, including the SLEI and the QTI
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that have been used in environment research, were presented. Particular studies in
science classrooms on associations between classroom environments and student
outcomes involving the SLEI and QTI were summarized. Practical uses for these

two questionnaires were suggested.

In Chapter Three, procedural information was provided including suitable qualitative
and quantitative methods to answer the six research questions posed in this study.
The quantitative data were collected by using the Actual and the Preferred Forms of
the 35-item CLEI asking students to rate the real and favoured environments of their
laboratory classrooms, respectively. As with the CLEI, the Actual Form of the 48-
item QTI was used to assess students’ perceptions of the actual interpersonal
behaviour of their teachers. Also, the Ideal or Preferred Form of the QTI was
employed to ask students about their ideal or preferred teachers in laboratory
classrooms. As well, a 10-item Attitude Scale, and cognitive and practical tests of
physical chemistry achievement were used to obtain students’ outcomes. The
qualitative data were obtained from students’ interviews about their classroom
environments. Written stories in relation to teacher-student interactions also provided

qualitative information.

Statistical information was provided in Chapter Four to support the validity and
reliability of the 35-item CLEI, the 48-item QTI and the 10-item Attitude Scale
when used with 198 Thai physical chemistry students who made up the sample in
this study. Each scale of the CLEI and Q7T showed satisfactory internal consistency
reliability with either the individual or the class mean score used as the unit of
analysis. The Attitude Scale also displayed satisfactory internal consistency
reliability with both the individual and the class mean as the unit of analysis.
Moreover, mean correlations were used to confirm the discriminant validity of the
CLEI scales. The circumplex nature of the QTI was also confirmed. An ANOVA
with class membership as the main effect also confirmed that both the CLEI and the

QTI could distinguish between classes.

In Chapter Five, students’ perceptions of their actual and preferred leaming
environments were revealed, together with perceptions of actual and ideal teacher

interpersonal behaviour. Additionally, mean scores of attitude and cognitive
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achievement, and practical tests were provided. The paired sample ¢ test was used to
differentiate between actual and preferred means of such students’ perceptions, and
between pretest and posttest means of the outcomes. It could be noted that students
improved their attitudes and achievement outcomes. Furthermore, associations
between the laboratory environments and students’ outcomes, and between teacher
interpersonal behaviours and students’ outcomes were determined by using simple

and multiple correlation analysis.

Qualitative results concerned with student interviews and written stories were
described in Chapter 6. These results provided additional information regarding the
validity of the questionnaires. As well, these qualitative findings provided richer
insights into the learning environments and teacher-student interactions of the

physical chemistry laboratory classroom.

7.3 MAJOR FINDINGS OF THE STUDY

Each of the research questions formulated in Chapter 1 is answered in this section.

Research Question 1:
Are the Actual and Preferred Forms of the CLEI and the QTI valid in terms of
reliability, discriminant validity and ability to differentiate between classes in

physical chemistry laboratory classrooms in Thailand?

Results from the study in Section 4.2 indicated that the CLEI is a valid and reliable
instrument for the assessment of students’ perceptions in physical chemistry
laboratory classrooms in Thailand. As well, the QTI is a valid and reliable instrument
for use in physical chemistry laboratory classrooms in Thailand as indicated in

Section 4.3.

The alpha reliability of the scales of the CLEI ranged from 0.61 to 0.71 for the
Actual Form and from 0.60 to 0.67 for the Preferred Form when the individual
student was used as a unit of analysis. When the class mean was used as a unit of
analysis, the alpha reliability of the scales ranged from 0.63 to 0.88 for the Actual
Form and from 0.62 to 0.90 for the Preferred Form. It was also found that four of the
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CLEI scales significantly differentiated between classes and the eta’ statistic ranged
from 0.08 to 0.19. Scores of the mean correlations ranged from 0.12 to 0.35 when the
individual student was used as a unit of analysis, and from 0.47 to 0.63 when the
class mean was used as a unit of analysis, indicating that the scales of the CLEI

overlap somewhat.

When the individual student was used as a unit of analysis, the alpha reliability of the
QTI scales ranged from 0.60 to 0.78 for the Actual Form, and from 0.61 to 0.78 for
the Ideal Form. When the class mean was used as the unit of analysis, the alpha
reliability of the Q71 scales ranged from 0.68 to 0.94 for the Actual Form, and from
0.65 to 0.91 for the Ideal Form. The six QTI scales significantly differentiated
between classes and the efd’ statistic ranged from 0.08 to 0.18. As well, high
correlations were found between neighbouring scales of the QTI and negative
correlations between opposite scales confirming the circumplex nature of the QTI

(for example, see Figures 4.1 to 4.4 in Chapter Four).

These validation results for the CLEI and QTI were supported by the qualitative data.
For example, most students agreed that there was strong cohesion in the classrooms,
which supported their high scores on the Student Cohesiveness scale in the CLEI As
well, students made highly appreciative comments about the understanding
behaviour of their teachers and scored highly on the Understanding scale of the QTL
Generally, the student comments were consistent with the scores for all scales of the
QTI; and most responses of classroom environments from the students were fairly

consistent with the CLEI

Hence, both quantitative and qualitative results confirmed that the CLEI and the QTI

are suitable for use in physical chemistry laboratory classrooms in Thailand.

Research Question 2:
What are students’ perceptions of their physical chemistry laboratory classes and

their teacher-student interactions?

For students’ perceptions of their learning environments (Table 5.2 and Figure 5.2),

students perceived high levels of cohesiveness with one another but little open-ended
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opportunities in their work. There were no significant differences on the other three

scale.

The high level of student cohesiveness in the physical chemistry laboratory perceived
by students suggested that the students were likely to do their laboratory work in
groups and support and help each other in laboratory classrooms. Possibly, the
students were made to study many topics in physical chemistry in one semester,
therefore, the students thought that they would become fatigued if they worked

alone. By working together they were able to share the laboratory work load.

Students perceived a low level of open-endedness, indicating that they had few
opportunities to make their own decisions about their laboratory experiments.
Colburn (1997) and McComas (1997) suggested that students could decide on the
problems and investigations in laboratory activities on their own in order to make
such laboratory activities more open-ended. This rarely occurs in physical chemistry
laboratory classrooms in Thailand. Maybe, Thai physical chemistry teachers do not
have enough time in their laboratory sessions. Furthermore, That physical chemistry
teachers are worried that they are not able to provide all the necessary knowledge in

one semester.

It was also found that students agreed that their teachers demonstrated low levels of
admonishing behaviour. The low level of admonishing behaviour suggests that Thai
physical chemistry teachers are able to control their tempers by exhibiting less anger
when something goes wrong in the laboratory classrooms. It probably means that
Thai physical chemistry teachers are quite patient while they are interacting to

students.

Research Question 3:
What differences are there between students’ perceptions of their actual and
preferred learning environments, and students’ perceptions of their actual and ideal

on teacher-student interactions?

Students indicated that they preferred a high level of student cohesiveness in their

classrooms. This result supports information obtained from the interviews where



most students indicated that they like to work in groups. Also, the students indicated
that they would prefer a better material environment. They were dissatisfied with the
level of laboratory equipment and materials, which apparently are not adequate for
their work. To increase the level of material environment, the teachers should
provide the students with more readily available equipment and materials. This result
is consistent with information obtained from the interviews in which most students
indicated that the laboratory conditions and equipment should be improved. The
students suggested that more fans in laboratory classrooms would be one way to

improve this situation.

With the QTI (Table 5.6 and Figure 5.7), students preferred teachers to exhibit more
leadership and more helping/friendly behaviours. The students were discontented
with the actual teacher behaviour since these behaviours of the teachers, leadership
and helping/friendly were not insufficient in laboratory classrooms. The students
agreed that on the other scales there were no differences between their ideal and

actual teacher behaviours.

Information obtained about classroom environments and teacher behaviours could
enhance the teaching quality in physical chemistry in Thailand in the future.
Furthermore, Thai physical chemistry teachers should realize that it is advantageous
to encourage free thought and creative thinking among their students and allow them
to solve problems by themselves. Moreover, the teacher agency should not delay on
improving the situation with regard to laboratory equipment and materials as they are
currently inadequate in the physical chemistry laboratory classrooms in Rajabhat

Universities in Thailand.

In a study in The Netherlands on professional development in classrooms (Wubbels,
Brekelmans, Créton, & Hooymayers, 1990), the QTI was used to indicate typologies
of teacher behaviours by using a cluster analysis. Eight teacher types were found to
be present. The students’ perceptions of Thai physical chemistry teachers are
characterised by relatively high scores in the Leadership (DC), Helping/Friendly
(CD) and Understanding (CS) sectors as shown in Figure 7.1 (b). This type of Thai
physical chemistry teachers is described as having leading behaviour and a pleasant

and supportive atmosphere in the classroom. Thai physical chemistry feachers
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closely match the Dutch type named tolerant and authoritative. Also, there is little

difference in the scores of actual and ideal behaviours.

(a) (b

Figure 7.1. Profiles of teacher. (a) Ideal teacher and (b) Actual teacher.

Research Question 4:
What attitudes do students have towards their subject of physical chemistry

laboratory?

Students’ attitudes toward physical chemistry laboratory were gauged using the
Attitude Scale. It was found that, for the whole sample, the post score of attitude was
24.03 compared with a pre score of 22.03 (Table 5.7 and Figure 5.7). Thus, on the
whole, there was very little change in the students’ attitudes after the course in

physical chemistry.

Research Question 5:

What associations are there between students’ perceptions of their learning
environments and of their teacher’s interpersonal behaviour in physical chemistry
laboratory classrooms, and their attitudinal and cognitive achievement and practical

outcomes?

Positive associations were found between attitudinal outcomes and the Student
Cohesiveness, Open-Endedness and the Material Environment scales (Table 5.14).
Furthermore, the regression weights showed that the Open-Endedness and the
Material Environment scales contributed most to students’ attitudes. According to the

R? figure, 12% of the variance predicted in students’ attitudes could be attributed to
their perceptions of their laboratory learning environment. In relation to associations

between the CLEI and cognitive achievement outcome (Table 5.15), only the Rule
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Clarity scale was negatively associated with this outcome. Additionally, the more
conservative regression analysis showed that Rule Clarity still retained its
significance. The R? figure could not be considered because the R value of 0.27 was
not significant. Regarding associations between the CLEI scales and the practical
outcome (Table 5.15), the Student Cohesiveness and Open-Endedness scales were
positively associated with this outcome. Open-Endedness retained its significance in
the regression analysis. The R’ figure showed that the variance of 15% in student
practical test scores could be attributed to their perceptions of their laboratory

learning environments.

With regard to students’ perceptions of teacher’s interpersonal behaviour, the
Leadership and Understanding scales were positively associated with students’
attitudes toward their physical chemistry laboratory (Table 5.16). However, there
was no significant association between these two scales and the outcome in the
regression analysis. The multiple correlation was not significant. The Dissatisfied
scale was negatively associated with cognitive achievement, and retained its
significance in the regression analysis. A variance of 10% in cognitive achievement
was accounted for by student learning environment perceptions according to the R?
figure. The Leadership, Helping/Friendly, and Understanding scales were positively
associated with the practical score whilst the Understanding scale contributed to the
practical outcome after the regression. The R’ figure showed that 16% of the
variance in student practical test results could be accounted for by students’

perceptions of their teachers’ interpersonal behaviours.

It is apparent that, Thai physical chemistry teachers could use learning environment
perceptions and perceptions of teacher interpersonal behaviours to improve outcomes
in laboratory classrooms. For example, teachers could consider allowing students
more freedom in selecting actualities and improving the adequacy of equipment

during laboratory sessions.

Research Question 6:
Can the students’ perceptions of their physical chemistry learning environment and
teacher-student interactions be changed towards their preferred learning

environment?
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With students’ perceptions of their actual learning environments at the end of the
semester compared with their preferred environments at the beginning of the
semester (Table 5.3 and Figure 5.3), the Student Cohesiveness and Material
Environment scales were significantly different. Students perceived that there was an
increased level of student cohesiveness in the learning environment. On the other
hand, they perceived this environment to have a decreased level of material
environment from what they preferred. They considered that the Open-Endedness,

Integration and Rule Clarity scales were not significantly different

For the QTI (Table 5.6 and Figure 5.7), the students’ perceptions of their ideal and
actual teacher behaviours for the Leadership and Helping/Friendly behaviours were
significantly different. Students perceived these teacher behaviours to have lower

levels compared with their preference.

7.4 IMPLICATIONS OF THIS STUDY

This section addresses the implications of this research study to improve physical
chemistry learning in Thailand. The implications of the study are discussed around
the following three issues: the use of developed questionnaires; the use of qualitative
data; and the effects of the classroom environment and teacher’s interpersonal

behaviour on students’ outcomes.

Firstly, this study determined that both the CLEI and QTI are reliable and valid for
measuring learning environments and teacher-student interactions in Thailand.
Therefore, teachers can use these two questionnaires to improve classroom
environments and the teacher-student interactions. For example, the teachers could
use both Preferred/Ideal and Actual Forms of the CLEI and the QTI at the beginning
of the semester. After knowing the results, the teachers could respond to the students’
needs during the semester. At the end of the semester, the teachers could again use
the Actual Forms of the CLEI and the QTI to compare the difference and similarity
between Preferred/Ideal and Actual Forms of the CLEI and the QTI. These results

could be used as a focus for reflection and discussion by teachers.
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Secondly, teachers should talk with their students in an interview situation to gather
material on which to reflect. The applicants would be providing more information on
learning environments that expands on the quantitative information obtained from

questionnaires.

Finally, results about associations between students’ perceptions and students’
outcomes in physical chemistry classes could help teachers to understand how the
classroom environment and teacher behaviour are related to achievement outcomes.
Teachers could endeavour to change their classroom environments and their
behaviours based on information about those scales with the strongest associations.
For instance, the Rule Clarity scale was negatively associated with the cognitive
achievement outcome, and the Open-Endedness scale was positively associated with
the practical test (Table 5.15). The teachers could carefully monitor students’
activities and provide clearer rules for them in the period of laboratory work.
Moreover, the teachers could indicate possible dangers if students ignore these rules
in laboratory work. Meanwhile, opportunities for individual student to do
experimental work should be promoted to raise the level of open-endedness. In 1997,
Colburn and McComas indicated that if the teacher would like to provide laboratory
activities that have more open-endedness, he/she should provide decisions to their

students about solution of problems and investigation of laboratory activities.

7.5 LIMITATIONS OF THE STUDY

Because there were many items in the questionnaires with the Preferred and Actual
Forms of the CLE]L the Ideal and Actual Forms of the QTI containing 35, 35, 48 and
48 items, respectively, and these were completed at the same time, some students
became bored and confused. Therefore, there may be some students who did not
actually concentrate on completing all the questionnaires as well as their cognitive

and practical tests.

Also, due to time and budget constraints, there was limited opportunity for
administering the questionnaires and interviews. Therefore, this had the effect of

reducing the possible sample size.



7.6 FURTHER RESEARCH

This study provided information about students’ perceptions of physical chemistry
laboratory environments and student-teacher interactions by using the CLEI and QTL.

Therefore, implications for further directions in research should be noted.

It is desirable to replicate the lines of past research in which the QTT has been used to
provide teachers with a view of themselves. As such, Fisher, Fraser, and Cresswell
(1995) have indicated that the QTI can be used to obtain teachers’ perceptions of
their own behaviour, how the teachers see themselves in classrooms. Accordingly, a
further study could include a teacher self-perception version so that the teachers can

gain insight through their self-refiection on their own teaching.

A further study could be extended to include a larger sample involving more
universities. Co-workers in other Rajabhat Universities could be chosen so that they
could easily communicate to students and collect data themselves. As well, a
comparison study of classroom environments among Rajabhat Universities could be
carried out so that we can learn more about diverse classroom environments in
Thailand. A useful database on improving teaching and curriculum quality of science

subjects in the future could be obtained.

It would be interesting to investigate other areas that use chemistry laboratories, such
as general chemisiry, organic chemistry or inorganic chemistry laboratory. Also
other science laboratories, such as biology, genetic and biotechnology could be
investigated. A comparison study among these subjects could be conducted in a
similar way to this research so that information on students’ perceptions of
laboratory environments, and teacher behaviours in different subjects could be

obtained.

7.7 CHAPTER SUMMARY

This chapter has concluded the identification of students’ perceptions of learning
environments and teacher-student interactions in physical chemistry laboratories

using the CLEI and QTI, as well as students’ interviews and written stories.



Associations between the students’ perceptions of the classroom environments and
their outcomes, and between teacher-student interactions and their outcomes were
also determined. One hundred physical chemistry students in four Rajabhat
Universities in Thailand composed the sample. Importantly, this thesis has validated
the CLEI and QTI for use in Thailand. The study could be useful for teachers, who
teach physical chemistry laboratory and are interested in improving attitudinal and

achievement outcomes in their study.
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Appendix A: Student Actual Form of the SLEI English Version

Questionnaire on Learning Environment

Directions

This questionnaire contains statements about practices which could takes place in this

laboratory class. You will be asked how often each practice actually takes place.

There are no ‘right’ or ‘wrong’ answers. Your opinion is what is wanted.

Think about how well each statement describes what this laboratory class is actually like for

you. Draw a circle around

I if the practice actually takes place Almost Never
2 if the practice actually takes place Seldom

3 if' the practice actually takes place Sometimes

4 if the practice actually takes place Often

5 if the practice actually takes place Very Often

Be sure to give an answer for all questions. If you change your mind about an answer, just
cross it out and circle another. Some statements in this questionnaire are fairly similar to

other statements. Do not worry about this. Simply give your opinion about all statements.

Practice Example. Suppose that you were given the statement: “I choose my partners for
laboratory experiments.” You would need to decide whether you thought that you actually
choose your partners Almost Never, Seldom, Sometimes, Ofien or Very Ofien. For example, if

you sclected Very Often, you would circle the number 5 on your answer sheet.

Do not forget to write your name and other details at the top of the reverse side of this page.

This page is a supplement to a publication entitled Assessing the Climate of Science Laboratory
Classes authored by Barry J. Fraser, Geoffrey J. Giddings and Campbell J. McRobbie and published
by the Key Centre for School Science and Mathematics at Curtin University of Technology, Perth,

Australia.

© Copyright Barry J. Fraser et al., 1992. Teachers may reproduce this questionnaire for use in their

own classrooms.
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é 8 Ei For
Remember that you are describing your actual classroom =82 _C Teacher’s
SZg2E Use
ES 589
T O>
1. E get on well with students in this faboratory class. 12345 -
2. There is opportunity for me o pursue my own science interests in this laboratory 2345 —
class.
3. What 1 do in our regular science class is unrelated to my laboratory work. 12345 B e
4. My laboratory class has clear rules o guide my activities, 12343 —
5. 1 find that the laboratory is crowded when [ am doing experiments. 123435 R
6, 1 have little chance to get to know other studenss in this laberatory class. 12345 R —
7, In this laboratory class, 1 am required to design my own experiments to solve a given 123435 —
problem,
8, The laboratory work is unrelated to the topics that | am studying in my science class, 123435 R —
9, My laboratory class is rather informal and few rules are imposed on me. 12343 R —
10, The equipment and materials that | need for laboratory activities are readily available. 123435 _
11. Members of this laboratory class help me. 12345 —
12. In my laboratory sessions, other studenis collect different data than 1 do for the same 12343 —
problem,
13, My regular science class wark is integrated with laboratory activities. 12345 —_
14. T am required to follow certain rules in the laboratory. 123435 _
15, 1 am ashamed of the appearance of this laboratory. 12345 R —
16. I get to know students in this laboratory class well. 123435 —
17. 1 am allowed to go beyond the regutar laboratory exercise and do some experimenting 12343 —
of my own.
18. Tuse the theory from my regular science class sessions during laboratory activities. 12343 —
19. Fhere is a recognized way for me to do things safely in this laboratory. 123453 —
20. The laboratory eguipment which T use is in poor working order. 123435 R —
21. T am able to depend on other students for help during lzboratory classes. 12343 J—
22. In my laboratory sessions, | do different experiments than some of the other students. 123435 —
23, The topics covered in regular science class work are quite different from topics with 123435 R —
which I deal in laboratory sessions.
24. There are few fixed rules for me to follow in laboratory sessions. 123435 R —
25, 1 find that the laboratory is hot and stuffy. 12345 R —
26. Tt takes me a long time to get to know everybody by hissher first name in this laboratory 1234 5 R e
class.
27. In my laboratory sessions, the teacher decides the best way for me to carry out the 234 3 R e
laboratory experiments.
28. What I do in Jaboratory sessions helps me to understand the theory covered in regufar 12345 —_
science classes.
29, The teacher outlines safety precantions to me before my laboratory sessions commence. 12345 —
30. The laboratory is an attractive ptace for me to work in. i2345 _
31. I work cooperatively in laboratory sessions. 12345 —
32. 1 decide the best way to proceed during [aboratory experiments. 12345 —_
33, My laboratory work and regutar science class work are unrelated. 12345 R —
34, My laboratory class is run under clearer rules than my other classes. 12345 _
35, My laboratory has enough room for individual or group work. 12345 —
For Teacher’s Use Only: SC............ OE......cccinene | RO RC.......... ME..........
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Appendix B: Student Preferred Form of the SLEI English Version

Questionnaire on Learning Environment

Directions
This questionnaire contains statements about practices which could takes place in this

laboratory class. You will be asked how often you would prefer each practice to take place.

There are no ‘right’ or ‘wrong’ answers. Your opinion is what is wanted.

Think about how well each statement describes what preferred laboratory class is like. Draw

a circle around

1 if you would prefer the practice to takes place Almost Never
2 if you would prefer the practice to takes place Seldom

3 if you would prefer the practice to takes place Sometimes

4 if you would prefer the practice to takes place Often

5 if you would prefer the practice to takes place Very Often

Be sure to give an answer for all questions. If you change your mind about an answer, just
cross it out and circle another. Some statements in this questionnaire are fairly similar to

other statements. Do not worry about this. Simply give your opinion about all statements.

Practice Example. Suppose that you were given the statement: “I would choose my partners
for laboratory experiments.” You would need to decide whether you thought that you would
prefer to choose your partners Almost Never, Seldom, Sometimes, Often or Very Often. For

example, if you selected Very Often, you would circle the number 5 on your answer sheet.

Do not forget to write your name and other details at the top of the reverse side of this page.

This page is a supplement to a publication entitled Assessing the Climate of Science Laboratory
Classes authored by Barry J. Fraser, Geoffrey J. Giddings and Campbell J. McRobbie and published
by the Key Centre for School Science and Mathematics at Curtin University of Technology, Perth,

Australia.

© Copyright Barry I. Fraser et al., 1992, Teachers may reproduce this questionnaire for use in their

own classrooms.
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NAME..................... UNIVERSITY ..o, MAIJOR.......... CLASS......
5, -
& & S For
Remember that you are describing your preferred classroom é - % Teacher’s
cS 28 Use
EB8 o€ 9
s>
1. Twould get on well with students in this laboratory class. 12345 —_
2. These would be opportunity for me to pursue my own science interests in this laboratory 12345 —_
class.
3. What I do in our regular science class would be unrelated to my laboratory work, 12345 R —
4. My laboratory class would have clear rules to guide my activities, 123435 _
3. I would find that the laboratory is crowded when 1 am doing experiments, 123435 R —
6. 1 would have little chance to get to know other students in this laboratory class. 123435 R —
7. In this laboratery class, I would be required to design my own experiments to solve a given 123435 —
problem:.
8. The laboratory work would be unrelated to the topics that | am studying in my science class. 12345 [ —
9. My laboratory class would be rather informal and few rules would be imposed on me. 123435 R —
10. The equipment and materials that 1 need for laboratory activities would be readily 12345 _
available.
11, Members of this laboratory class would help me. 12345 —
12. In my laboratory sessions, other students would collect different data than | would for the 12345 —
same problem.
13. My regalar science class work would be integrated with laboratory activities. 123435 —
14. 1 would be required to follow certain rules in the laboratory. 123435 _—
15. F would be ashamed of the appearance of this laboratory. 123435 R —
16. I would get to know students in this laboratory class well. 1 345 —
7. F' would be allowed to go beyond the regular laboratory exercise and do some 123435 —
experimenting of my own.
18. T would use the theory from my regular science class sessions during laboratory activities. 12345 _
[9. There would be a recognized way for me o do things safely in this [aboratory. 12345 _
20. The laberatory equipment which I use would be in poor working order, 12345 R —
21, I would be abie to depend on other students for help during laboratory classes. 123435 —
22. In my laboratory sessions, I would do different experiments than some of the other 12345 —
students.
23. The topics covered in regular scieace class work would be quite different from topics with 123435 R —
which F deal in laboratory sessions.
24. There would be few fixed rules for me to foflow in laboratory sessions. 123435 R o
25. I would find that the laboratory is hot and stuffy. 123435 [ —
26, It would take me a loag time to get to know everybody by his/her first name in this 123435 R —
laboratory class.
27. In my laboratory sessions, the teacher would decide the best way for me to carry out the 12345 R —
laboratory experiments.
28. What I do in laboratory sessions would help me 10 underséand the theory covered inregular | 12 34 5 —_—
science classes.
29, The teacher would outline safety precautions to me before my laboratory sessions 12345 —_
conumence.
30. The laboratory would be an attractive place for me to work in. 123435 o
31. I would work cooperatively in laboratory sessions. 123435 —
32. I would decide the best way 1o proceed dusing laboratory experiments. 123435 —
33. My laboratory work and regular science class work would be unrelated. 123435 R —
34. My iaboratory class would be run under clearer rules than my other classes. 123453 —_
35. My faboratory would have encugh room for individual or group work. 123453 _
For Teacher’s Use Only: SC............ OE............... | POTOTORPTU RC............ ME.........
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Appendix C: Student Questionnaire of the QTI English Version

Questionnaire on Teacher Interaction

Directions

This questionnaire asks you to describe the behaviour of your teacher. This is not a test.

Your opinion is what is wanted.

This questionnaire has 48 sentences about the teacher. For each sentence, circle the number

corresponding to your response. For example:

Never Always

This teacher expresses herself/himself clearly. 0 I 2 3 4

If you think that your teacher always expresses herself/himself clearly, circle the 4. If you
think your teacher never expresses herself/himself clearly, circle the 0. You also can choose
the numbers 1, 2 and 3 which are in-between. If you want to change your answer, cross it out

and circle a new number. Please, answer all questions. Thank you for your cooperation.

In order for us to provide you with a report of the results, please write your name and other

details at the top of the reverse side of this page.
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Never Always

. This teacher talks enthusiastically about her/his subject.
. This teacher trusts us.

. This teacher seems uncertain,

WoWw W oW

. This teacher gets angry unexpeciedly.

. This teacher explains things clearly.

R FR B BB

. If we do not agree with this teacher, we can tatk about it.
. This teacher is hesitant.
. This teacher gets angry quickly.

Wlee ~ G thlds W b

. This teacher holds our attention.
10. This teacher is willing to explain things again.
11. This teacher acts as if she/he does not know what to do.

12. This teacher is too guick to correct us when we break a rule.

[ I S R N

13. This teacher knows everything that goes on in the classroom,

14. If we have something to say, this teacher will listen.

[T )

15. This teacher lets us boss her/him around.

IS R T A I
L7

16. This teacher is impatient,

17. This teacher is a good leader

[CEE SN

18. The teacher realise when we do not understand
19. This teacher is not sure what to do when we fool around.

20. It is easy to pick a fight with this teacher.

%)
Wl W o L

21, This teacher act confidentiy.
22, This teacher is patient.

23, It is easy to make this teacher appear unsure.

[SEES I S AT

24, This teacher makes mocking remarks.

25. This teacher helps us with our work,

Vo w oy w

[ %)

26. We can decide some things in this teacher’s class,
27. This teacher thinks that we cheat.

[N

28. This teacher is strict.
29. This teacker is friendly.

30. We can influence this teacher,
31. This teacher thinks that we do not know anything.
32, We have to be silent in this teacher’s class.

33, This teacher is someone we can depend on.

LW W W Wy

34, This teacher lets us decide when we will do the work in class.
33, This teacher puts us down.

36. This teacher’s tests are hard.

37. This teacher has a sense of humour.
38. This teacher lets us get away with a lot in class.
39. This teacher thinks that we can not do things well.

40. This teacher’s standards are very high.

=

. This teacher can take a joke.

W e b W W

42, This teacher gives us a lot of free time in ciass.

L

43, This teacher seems dissatisfied.

44. This teacher is severe when marking papers.

45. This teacher’s class is pleasant.
46. This teacher is lenient.

47, This teacher is suspicious.

OOQODOOC’OOOOOOOCOOOOOOOOQOOOOQoooogcoooooooooaco
o
EN R A N
E O T T ¥ S AR N B R I S S S &hh##‘hhphhbgh#'&&h&####&

MNNNNMNNNNMMMMMMMNNN

[P R T L

48. We are afraid of this teacher.
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Appendix D: Ideal Teacher of the QTI English Version

Questionnaire on Teacher Interaction

Directions

The following questionnaire asks for your view of an ideal teacher’s behaviour. Think about
89 y
your ideal teacher, For each sentence, circle the number corresponding to your response. For

example:

Never Always

The teacher would express herself/himself clearly. 0 1 2 3 4

If you think that ideal teachers always express themselves clearly, circle the 4. If you think
ideal teachers never express themselves clearly, circle the 0. You also can choose the
numbers 1, 2 and 3 which are in-between. If you want to change your answer, cross it out

and circle a new number. Thank you for your cooperation.

In order for us to provide you with a report of the results, please write your name and other

details at the top of the reverse side of this page.
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Never

Always

i. The teacher would talk enthusiastically about her/his subject.
2_ The teacher would trust students.
3. The teacher would seem uncertain.

4. The teacher would get angry unexpectedly.

t

5. The teacher wouid explain things clearly.
6. If students did not agree with the teacher, they could talk about it.
7. The teacher would be hesitant.

8. The teacher would get angry quickly.

9, The teacher would hold the students’ attention,
10. The teacher wouid be willing to explain things again.

1t. The teacher wouid act as if she/he did not know what 1o do.

12. The teacher woutd be too quick to correct students when they broke a rule.

13. The teacher would know everything that goes on ir the classroom.
14. If studenss had something to say, the teacher would listen

135, The teacher would let the students take charge.

16. The teacher would be impatient.

17. The teacher would be a good leader
18. The teacher would realise when students did not understand
19. The teacher would not be sure what to do when students fooled around.

20. It would be easy to have an argument with the teacher.

R N by o N RN N o oo e NN

21. The teacher would act confidently.
22. The teacher would be patient.
23. It wouid be easy to make a fool out of the teacher.

24. The teacher would make mocking remarks.

25. The teacher would help students with their work.
26. Students could decide some things in the teacher’s class.
27. The teacher would think that studenis cheat.

28. The teacker would be strict.

29, The teacher would be friendly.

30. Students could influence the teacher. .

31. The teacher would think that students did not know anything.
32. Students would have to be silent in the teacher’s class.

33. The teacher would be someone students can depend on.

34 The teacher would let students decide when they would do work in class.
35. The teacher would put students down.

36. The teacher’s tests would be hard.

ldmNMNNNNNNNMNNM

37. The teacher would have a sense of humour.

38. The teacher would let students get away with a lot in class.
39, The teacher would think that students can not do things well,
40, The teacher’s standards would be very high.

41, The teacher could take a joke.
42. The teacher would give students a lot of free time in class.
43. The teacher wouid seem dissatisfied.

44, The teacher would be severe when marking papers.

[CEN SN N ORI CRETY

45. Fhe teacher’s class would be pleasant.
46. FThe teacher wauld be lenient.
47. The teacher would be suspicious.

48. Students would be afraid of the teacher.

[
OocoooccOOOOOOOooooooooOOGODOOOODOOOQOOOOOQOOGO

[ ST S R N ]

W W W
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Appendix E: Student Actual Form of the CLEI English Version

Chemistry Laboratory Environment Inventory

Directions
This questionnaire contains statements about practices which could takes place in this
physical chemistry laboratory class. You will be asked how often each practice actually takes

place.

There are no ‘right’ or ‘wrong’ answers. Your opinion is what is wanted.

Think about how well each statement describes what this physical chemistry laboratory class

is actually like for you. Draw a circle around

1 if the practice actually takes place Almost Never
2 if the practice actually takes place Seldom

3 if the practice actually takes place Sometimes

4 if the practice actually takes place Often

5 if the practice actually takes place Very Often

Be sure to give an answer for all questions. If you change your mind about an answer, just
cross it out and circle another. Some statements in this questionnaire are fairly similar to

other statements. Do not worry about this. Simply give your opinion about all statements.

Practice Example. Suppose that you were given the statement: “I choose my partners for
physical chemistry laboratory experiments.” You would need to decide whether you thought
that you actually choose your pariners Almost Never, Seldom, Sometimes, Often or Very
Often. For example, if you selected Very Offen, you would circle the number 5 on your

answer sheet.

Do not forget to write your name and other details at the top of the reverse side of this page.

This page is a supplement to a publication entitled Assessing the Climate of Science Laboratory
Classes authored by Barry J. Fraser, Geoffrey J, Giddings and Campbell J. McRobbie and published
by the Key Centre for School Science and Mathematics at Curtin University of Technelogy, Perth,
Australia.

®© Copyright Barry J. Fraser et al., 1992, Teachers may reproduce this questionnaire for use in their

own classrooms.
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laboratory class.

5
;’ 8 é For
Remember that you are describing your actual classroom 5 E % e Teacher's
ETE D B Use
23882
1. I get on well with students in this physical chemistry laboratory class. 12345 —_
2, There is opportunity for me to pursue my own science interests in this physical chemistey 12345 —

8

solve a given problem,
. The physical chemistry laboratory wark is unrelated to the topics that [ am studying in my
seience class.

3. What 1 do in our regular science class is unrelated to my physical chemistry laboratory 12345 R —
work,

4, My physical chemistry laberatory ctass has clear rules to guide my activities. 12345 _—

5, 1 find that the physical chemistry laboratory is crowded when I am doing experiments. 123453 R —

6. T have little chance to get to know other students in this physical chemistry laboratory class. 12345 R e

7. In this physical chemistry laboratory class, 1 am required to design my own experiments to 12345 —

1
2

laboratory activities.
9. There is a recognized way for me to do things safely in this physical chemistry taboratory.
0. The physical chemistry laboratory equipment which I use is in poor warking order.

9. My physical chemistry laboratory class is rather informal and few rules are imposed on me. 12345 R —

10. The equipment and materials that 1 need for physical chemistry laboratory activities are 12345 —
readily available.

11. Members of this physical chemistry iaboratory class help me. 12343 —

12. In my physical chemisiry laboratory sessions, other students collect different data than 1do 12343 —
for the same problem.

13. My regular science class work is integrated with physical chemistry laboratory activities. 12343 e

14. 1 am required to follow certain rules in the physical chemistry laboratory. 123435 —

15. 1 am ashamed of the appearance of this physical chemistry laboratory. 12345 R —

16. I get to know students in this physical chemistry laboratory ciass well. 123435 —

17. I am allowed to go beyond the regular physical chemistry laboratory exercise and do some 123435 _—
experimenting of my own.

18. I use the theory from my regular science class sessions during physical chemistry 123435 —_

[aye
Ly W
PN
W W
=

2
2

2

2
2

1. I am able to depend on other students for hefp during physical chemistry laboratory classes.

2. In my physical chemistry laboratory sessions, 1 do different experiments than some of the
other students.

3. The topics covered in regular science class work are quite different from topics with which
[ deal in physical chemistry Jaboratory sessions.

4. There are few fixed rules for me to follow in physical chemistry laboratory sessions.

5. I find that the physical chemistry laboratory is hot ard stuffy.

[ S

w
=
W
I

2

2

6. It 1akes me a [ong time to get to know everybody by histher first name in this physical
chemistry laboratory class.

7. In my laboratory sessions, the teacher decides the best way for me to carry out the physical
chemistry laboratory experiments.

28, What I do in physical chemistry laboratory sessions helps me to understand the theory 12345 —
covered in regular science classes.

29. The teacher outlines safety precautions to me before my physical chemistry laboratory 123435 —_
sessions commence.

30. The physical chemistry laboratory is an attractive place for me to work in. 123453 —

31. [ work cooperatively in physical chemistry laboratory sessions. 12345 s

32. I decide the best way 1o proceed during physical chemistry laboratory experiments, 12345 —

33. My physical chemistry laboratory work and regular science class work are unrelated. 123435 R

34. My physical chemistry laboratory class is run under clearer rules than my other classes, 123435 _

35. My physical chemistry laboratory has enough room for individual or group work, 12345 o

For Teacher’s Use Only: SC............ OE....c.c......o. | U RC.......... ME............
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Appendix F: Student Preferred Form of the CLEI English Version

Chemistry Laboratory Environment Inventory

Directions
This questionnaire contains statements about practices which could takes place in this
physical chemistry laboratory class. You will be asked how often you would prefer each

practice to take place.

There are no ‘right’ or *wrong’ answers. Your opinion is what is wanted.

Think about how well each statement describes what preferred physical chemistry laboratory

class s like. Draw a circle around

1 if you would prefer the practice to takes place Almost Never
2 if you would prefer the practice to takes place Seldom

3 if you would prefer the practice to takes place Sometimes

4 if you would prefer the practice to takes place Often

5 if you would prefer the practice to takes place Very Often

Be sure to give an answer for all questions. If you change your mind about an answer, just
cross it out and circle another. Some statements in this questionnaire are fairly similar to

other statements. Do not worry about this. Simply give your opinion about all statements.

Practice Example. Suppose that you were given the statement: “I would choose my partners
for physical chemistry laboratory experiments.” You would need to decide whether you
thought that you would prefer to choose your pariners Almost Never, Seldom, Sometimes,
Often or Very Often. For example, if you selected Very Offen, you would circle the number 5

on your answer sheet.

Do not forget to write your name and other details at the top of the reverse side of this page.

This page is a supplement to a publication entitled Assessing the Climate of Science Laboratory
Classes authored by Barry J. Fraser, Geoffrey J. Giddings and Campbell J. McRobbie and published
by the Key Centre for School Science and Mathematics at Curtin University of Technology, Perth,
Australia.

© Copyright Barry J. Fraser et al., 1992. Teachers may reproduce this questionnaire for use in their

own classrooms.
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o
2 3 5 For
Remember that you are describing your preferred classroom z=EE & Teacher's
ESEEp | Us
2EESS
1, T'would get on well with students in this physical chemistry laboratory class. 12345 J—
2. There would be opportunity for me to pursue my own science interests in this physical 12345 —
chemistry laboratory class.
3. What I do in ours regular science class would be unrelated to my physical chemistry 12345 R —
laboratory work.
4. My physical chemistry laboratory class would have clear rules to guide my activities. 12345 —
3. [ would find that the physical chemistry laboratory is crowded when I am doing 12345 R —
experiments.
6. [ would have little chance 1o get to know other students in this physical chemistey laboratory 12345 R —
class.
7. In this physical chemistry laboratory ¢lass, 1 would be required to design my own 12345 —
experiments to solve a given problem.
8. The physical chemistry laboratory work would be unrelated to the topics that I am studying 12345 [C—
in my science class,
9. My physical chemistry laboratory class would be rather informal and few rules would be 12345 R —
imposed on me, -
10. The equipment and materials that | need for physical chemistry laberatory activities would 123453 _
be readily available.
11. Members of this physical chemistry laboratory class would help me. 12345 —_
12. ia my physicai chemistry laboratory sessions, other students would collect different data 12345 —
than [ would for the same problem:.
13. My regular science class work would be integrated with physical chemistry laboratory 12345 —_
activities.
14. 1 would be required to follow ceriain rules in this physical chemistry laboratory. 123 453 e
15. 1 would be ashamed of the appearance of this physical chemistry laboratory. 123 45 R —
16, I would get to know students in this physical chemisiry laboratory well. 12345 J—
17, 1 would be allowed to go bevond the regular physical chemistry laboratory exercise and do 123 45 _—
some experimenting of my own.
18, 1 would use the theory from my regular science class sessions during physical chemistry 12345 —
laboratory activities.
19. There would be a recognized way for me to do things safety in this physical chemistry 12345 —_
laboratory.
20. The physical chemistry laboratory equipment which 1 use would be in poor working order. 12345 R
21. 1 would be abie to depend on other students for help during physical chemistry laboratory 12345 —
classes.
22. In my physical chemistry laboratory sessions, 1 would do different experiments than some 1234 —
of the other students,
23. The topics covered in regular science class work would be quite different from topics with 12345 R -
which I deal in physical chemistry laboratory sessions.
24, There would be few fixed rules for me to follow in physical chemistry laboratory sessions. 12345 R —
25. 1 would find that the physical chemistry laboratory is hot and stuffy. 12345 R —
26. It would take me a long time to get to know everybody by histher first name in this 12345 R —
physical chemistry laboratory class.
27. in my laboratory sessions, the teacher would decide the best way for me to carry out the 12345 R —
physical chemistry laboratory experiments.
28. What 1 do in physical chemistry laboratory sessions would help me to understand the 12345 —
theory covered in regutar science classes.
29, The teacher would outline safety precautions 1o me before my physical chemistry 12345 —
laboratory sessioas commence.
30. The physical chemistry laboratory would be an attractive place for me to work in. 123435 _
31, I would work cooperatively in physical chemisiry laboratory sessions. 123435 —
32, | would decide the best way to proceed during physical chemistry laboratory experiments, 12345 p—
33. My physical chemistry laboratory work and regular science class work would be unrefated. 12345 R —
34. My physical chemistry laboratory class would be run under cleazer rules than my other 123435 —
classes.
35, My physical chemistry laboratory would have enough raom for individual or group work, 12345 _
For Teacher’s Use Only: SC............ OE............ | RO RC........... ME.............e.
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Appendix G: The Attitude to Physical Chemistry Class English Version

Directions
The ten statements below are about your physical chemistry laboratory lesson that you have
studied in this class. Please share your opinion of these statements. There are no “Right” or

“Wrong” answers.

Please circle:
If you do not agree with the statement.
If you are not sure,

If you agree with the statement.

Disagree Not sure Agree

1. I look forward to studying physical chemistry 1 2 3
laboratory lesson,

2. Physical chemistry laboratory lesson is fun. 1 2 3

3. 1 am pleased with the activities we do in 1 2 3
physical chemistry laboratory class.

4. The most interesting thing at school is 1 2 3
physical chemistry laboratory class.

5. I want to study more about the world we 1 2 3
live in.

6. It is important to find out about new things. 1 2 3

7. I am pleased with physical chemistry laboratory 1 2 3
lesson in this class.

8. I like to talk to my friends about what we 1 2 3
do in this class.

9. We should study more physical chemistry 1 2 3
laboratory lesscn each week.

10. After physical chemistry laboratory class, 1 2 3

I feel satisfied.
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L.

Appendix H: Cognitive Test English Version

Which one of the following choices is represented to the meaning of a chemical

reaction?

a. An exothermic reaction which gives out a heat to a surrounding.

b. A reaction which carries out in an open vessel at constant pressure, and a heat
change is represented by AH.

¢. A reaction which carries out in a sealed container at constant volume, and a
heat change is represented by AU.

d. A reaction which involves the solubility of solids in a liquid or involved the
liquids, and an internal energy change is represented by AH and AU. (correct)

Which couple of substance has the heat of neutralization equal to HCI acid

neutralized NaOH base if the couple has a concentration and a volume as same as

the HCI acid and the NaOH base.

a. H>SO, acid and KOH base.(correct)

b. HC! acid and NH;,OH base.

¢. H,80, acid and NH;OH base.

d. CH3COOH acid and KOH base.

The temperature of 50 ml warm water is 37.92°C, the temperature of 50 ml cold

water is 20.91°C, and the temperature of mixture between warm and cold water

is 29.11°C. What is the heat capacity of a calorimeter? (use Q = msAt or Q =

CAT for calculating)
a.46.0 J/K b. 36.0 J/K
c.26.0J/K d. 16.0 J/K (correct)

When sulfuric acid splits on our clothes, why do we use a detergent to neutralize
it instead of using the concentration of NaOH base or the dilution of CH;COOH
solution?

a. Detergent is available.

b. The cost of detergent is cheap.

¢. Detergent does not destroy our clothes? (correct)

d. The chemical property of detergent is not good enough to neutralize sulfuric

acid.
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5.

6.

7.

Which one of the following equations is represented to the meaning of the heat of
solution?
a. C(s) +28(s) —» CSy(s), AH =254 keal
b. HCl(g) + ag —» HCl(aq), AH =-17.96 kcal (correct)
c. 1/2Hx(g) + 1/21x(g) — HIl(g), AH = 6.2 kcal
d. 2CO(g) + Ox(g) — 2C0Ox(g), AH =-135 keal
Which one of the following equations is the meaning of liquid’s viscosity?
a. The concentration of a liquid.
b. The shape of a liquid molecule.
¢. The closing of liquid molecules.
d. The resistance of flowing of a liquid molecule. (correct)
When is liquid’ viscosity higher?
a. The odor of a liquid is less.
b. The color of a liquid is strong.
¢. The volume of a liquid is higher.

d. The temperature of a liquid is lower. (correct)

F/A

8 With the equation n=——, when n, F (in Newton, N), A (in meter, m), v (in meter

9.

10.

v/L’

per second, m/s) and L (in square meter, m?) are the viscosity, force, area, speed
and thick of a whole liquid layer, respectively, which one of the following choices
is a viscosity unit?

a. N s b. N m?.

c. N s/m’. (correct) d. N s*/ m?,
Which one of the following choices is the meaning of a density?
a. A weight of a substance multiplies to a volume of the substance.
b. A weight of a substance sums to a volume of the substance.
¢. A weight of a substance per a volume of water.
d. A weight of a substance per one volume of the substance. (correct)
When the Archimedes’ principle is used to determine a specific gravity, a
substance has a volume as same as water. Which one of the following
choices is the meaning of the specific gravity?
a. The ratio between a substance’s weight in an air and a water’s weight

replaced. (correct)
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11.

12.

14.

15.

b. The ratio between a substance’s weight in water and a water’s weight
replaced.

¢. The ratio between a water’s weight replaced and a substance’s weight in
water.

d. The ratio between a water’s weight replaced and a substance’s weight in an
air.

Which one of the following choices is the glass’s density of a cubic glass which

has 75 cubic centimeters of a volume and 200 grams of a weight?

a. 4.6 g/ml b. 3.6 g/ml

c. 2.6 g/ml (correct) d. 1.6 g/ml

Why is specific gravity of liquid important?

a. It can be built an airport.

b. It can be classified a liquid.

c. It can be built an hourglass.

d. It can be indicated the impurity of a liquid. (correct)

. Which one of the following choices is the statement of the Avogadro’s law?

a. If two solids have a same volume, they will have a same mole number.

b. If two gases have a same volume, they will have a same molecule number.
(correct)

¢. [f two substances have a same volume, they will have a same mole number.

d. If two liquids have a same volume, they will have a same molecule number.

Which one of the following substances is used to determine the molar volume of
gas?

a. Ny (correct) b. H,O

c. NaxO d. NaOH

What is the hydrogen electrode?

a. The hydrogen electrode consists of the piece of the platinum metal coated
with the black powders of the platinum metal, and dips into one molar of
the H' solution. One atmosphere of H; gas continuously bubbled through on
a solution over the black powders of the platinum metal.

b. The hydrogen electrode has been arbitrarily assigned to zero volts at all
temperatures, if one molar of the H" ion and one atm of the gas are satisfied.

¢. The hydrogen electrode can act as an anode or a cathode, depending on the

kind of a half cell is connected. (correct)
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17.

18.

19.

20.

d. The hydrogen electrode acts as a cathode when the reaction of /2 Hj (g,1 atm)
— H'(1 M) + e takes place
. As with the electrochemical series, the couple of Cu*/Cu?* is situated above the
couple of I/T;. When the KI solution is added to the CuSO, solution, iodine and
copper (I) iodide substances are formed as follow: Cu™ +2I" > 12L,(s) +
Cul (s). What is the equilibrium constant of this equation?
a. K= 1/[C"[I]* (correct) b. K= {[Cu®™"|[ T}/ [Cu']
c. K=[Cu™ ][I d. K =[I][Cul(s)]
Why is liquid’s viscosity solved from experiment to differ from reference values?
a. Error of human while reading a temperature.
b. Apparatuses are covered with moisture.
c. An apparatus is leak.(correct)
d. Wrong timing is done.
Which one of the apparatus diagrams is set up for an electrochemical cell?
a. Two half cells, a salt bridge, a wire, two electrodes and a electrolyte solution.
(correct)
b. Two half cell, a salt bridge, a wire, a liquid and a carbon.
c. Two half cells, a salt bridge, a wire and a liquid.
d. Two half cells, a salt bridge, a wire and a battery.
Which one of the following choices is a condition that real gases obeys the
Boyle’s law?
a. A constant temperature and a high pressure.
b. A constant temperature and a few volume.
c. A constant temperature and a low pressure. (correct)
d. A constant temperature and a lot of volume.
Which of the following sets is used to obtain molar volume of the oxygen
gas instead of using a water bottle that is connected with two glass tubes?
a. A thick test tube.
b. A height beaker.,
¢. A plastic bottle.

d. Any bottle that gas can replace water in a bottle (correct).
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Appendix I: Practical Test English Version

The gas constant

The object:

To determine a gas constant (R) by using pressure (P), temperature (T) and volume

(V) relations.

The theory:

When the Boyle’s law, Charl’s law and Avogadro’s law are combined, the equation
of an ideal gas is obtained as PV = nRT. This equation is called the equation of state
of the ideal gas. Where the gas constant is abbreviated as R, one mole of a gas has
22.414 liters at a standard temperature and standard pressure. When P =1 atm, V =
22.414 liters, n = 1 mol, T = 273.15 K are used on the PV = nRT equation, R is
0.082057 L atm K" mol™. In an SI unit, whilst a pressure is in the N m unit and a

volume is in the m® unit, the R constant is §.314 N'm K mol” or 8314 J K mol™.

The PV = nRT equation is available for real gases if they have a low pressure and/or
a high temperature. The hydrogen gas is generated from a combination of the Mg and
HCI, and is collected by replacing with water. The hydrogen gas is prepared by a
reaction of the Mg and the FCI as follows:

Mg(s) + 2HCI (aq) —» MgCls (aq) + Ha (g) 1

The hydrogen gas is collected by replacing of water. As seen in the equation (1) one
mole of the Mg reacts with two moles of the HCI to produce one mole of the MgCl,
and one mole of the Hj. If a reaction begins with two moles of the Mg and five moles
of the HCI, the mole number of the Mg and HCI are reduced in the reactionto 1 : 2
ratio, respectively. When the reaction is completed, the amount of the HCI has left.
The Mg is called the amount of finite substance. The amount of the finite substances
is used to determine a weight or the mole number of a product. If a substance is
weighed accurately, the product is gained as same as the weight of the substance is

reduced. Therefore, a dry and high molecular mass of the substance is selected for
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this experiment. In this experiment, the Mg is used as the finite substance. The
weight of the Mg is calculated to determine the mole number of the . Also, an

excess of the HCI is used.

The hydrogen gas can be collected by displacing with water in a bottle, and a volume
of the gas can be determined from a displaced volume of water. A pressure of the gas
is obtained by using the Dalton’s law of partial pressures, a vapor pressure of water,
and an atmospheric pressure. The Dalton’s law states that the pressure of a mixture
of the gases in a container is equal to a sum of the pressures that each gas would

exert as it is presented alone:
Pow =ZiP;  or Pam =P o + Puater vapor

The procedure:

1. The equipment is set as shown in Figure 1. Make sure that every apparatus is dry.

2. Full of water is filled in a burette, and the burette is turned to reverse in a beaker
which fills with a half of water. A bubble should be on the top of burette.

3. Observe water at the top line of a burette.

4, Add 100 ml of 3 M of the HCI solution into a flask.

5.0.03 grams of the Mg metal are weighed and added into a glass vial which is hold
with a thread. The glass vial is placed into a flask, and then close the flask with a
rubber stopper. (Caution: not to spill the Mg metal before an experiment is taken

place.)
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¢~ a Tubber tube

¢—apinch clamp

distilled water

Figure 1. The apparatus for determining a volume of the hydrogen gas by
displacing water.
Source: (Naresuan University, science faculty, chemistry department, n.d., p. 28).

6. Record the volume of water in a burette. (measuring skill and recording skill)

The volume of wateris.......cooovvvvvvveennnn.. ml

(1 marks for measuring skill and 1 mark for recording skill).

7. Stir a flask to start a reaction of the HCI and Mg metal. Observe the changes of a

reaction. (observing skill)
e Changes ATC. e e e e (1 marks)
8. Record the volume of water in a burette and measure the height of water in the
burette beginning from the surface layer of water in a beaker. (measuring skill,

recording skill and manipulating skill).

The volume of water in the burette 1S, ml.

The height of left wateris................ocooiiiinn centimeter.

[81



(1 mark for measuring skill, 1 mark for recording skill and 1 mark for manipulating
skill).
9. Measure the temperature of water in a beaker. Make sure that it is as same as the

temperature of a gas in a burette. (measuring skill and manipulating skill).

The temperature of water in the beaker is....................... °C

(1/2 mark for measuring skill and 1/2 mark for manipulating skill).

10. What hypothesis was an experiment designed to a test? (hypothesis formulating
skill)

.......................................................................................................

(2 marks.)

11. Summarise your results. (conclusion skill)

Table 1 is shown as follows:

Table 1
The Vapor Pressure of Water at Different Temperatures

Temperature (OC Pressure (Pa) | Temperature (OC) Pressure (Pa) | Temperature (DC) Pressure (Pa)

24 2983.30 25 3167.15 26 3360.86
27 3564.84 28 377949 29 4005.33
30 424278 31 449222 32 4754.59
33 5030.03 34 5319.20 33 5622.77

Source (Naresuan University, science faculty, chemistry department, n.d., p. 29}

11. Determine the gas constant in this experiment by using the PV = nRT equation.
The n is a mole number of the hydrogen gas. The P is a pressure of the hydrogen
gas in a Pascal unit. The V is the volume of the hydrogen gas in a meter cube
unit. An atmospheric pressure is equal the pressure of the hydrogen gas that sums

with the vapor pressure of water and with the pressure from the height of water in
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a burette. One-centimeter height of water has 98.088 Pa. Compare a gas constant

with a reference. (interpreting skill and calculating skill)

......................................................................................................

......................................................................................................

(2 marks for interpreting skill and 1 mark for calculating skill)

12. Design an apparatus to determine the oxygen gas constant. The KClO3 substance
and MnO; catalyst are used as reactants. They are burned in a test tube. The
oxygen gas is collected by replacing with water. (the ability to design

experiments}
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33. mgAdsiionauoidu 0 1 2 3 4
34, asarsazayad inimsmavaanld s g 0 1 2 3 4
35. asasfndwanTlddwnsavinas 19166 0 1 2 3 4
40. WASFUUBAFAITEIN 0 1t 2 3 4
41. Aga1eRaEn 0 1 2 3 4
42, agmsimiivatdn q lufeadou 0 1 2 3 4
43. AT hing’la 0o 1 2 3 4
44, dianglinmuuu agarsidim 0 1 2 3 4
45, ipvspuaamgadsarlifaruaunela 0 1 2 3 4
46. agarsasdineHdaudulifuwani 0 1 2 3 4
47. asmrTsdiunudadedy 0 1 2 3 4
48. winsAIsnEAg 0o 1 2 3 4
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Appendix N: The Attitude to Physical Chemistry Class Thai Version

Jiduaddadnlijidniaeiigeland

FGLLY
da  1-10 dedneil 2h daaruidsafuunidauiandfliinmsweiigeiNand
wnBguasnaudInim Aafuaanudauiufifisadannumani

dAmaud ldar LififavEagn  aruAsiuaauindouiuieisasnis

Piinguurnaysauveisiaaluusacdaninu salilil

1 dninEuunliviuarafudaniuil

2 AN GICITITN PRI

3 dlnBauriusmafudaniuil

Tidusan Tudla WHueiay

1. dusminrosfissdauisndflifintseiliiaNand 1 2 3
2. itBowiTdfitinaeiidei’Endaun 1 2 3
3. duwaladudangsuiadfidsnemiiieiland 1 2 3
4. liduasvinar lsWwWirfismsiaiiiland 1 2 3

Fudeiinaulafignluisaduu

5. dudasnsdwndayaiuiuTanfiduande sguiudu 1 2 3
6. nsduwuEelai o (DudeAddoy 1 2 3
7. Suwalafuumiouhs e fiamsaiiiiandludwsou 1 2 3

8. dugoynefuWauisRyiner T luwle fldnns

wiLERENE 1 2 3
9. niezdndmlfitfinmeiidedland win dulucdasdant 1 2 3
10. fusdnwalaudeanBuuirufiifiniswiids Adnd 1 2 3
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Appendix O: Cognitive Test Thai Version

dadavisnlfiidinsaidviiiand 1

snnansavdathindnsdadngniian
1. dlavinse Ha SO; wnilidaria
wiszvig la i ldd@sfivesiauinl fAsergufiuiunsa unuiiasldians
arant NaOH fiidiudiu windnsazatauanTandle uiansn CHaCOOH 30319
X Aadiaundig 9. fvasiauilsnign
A, fnasauilsnidlaiuse 3. fmasawlibvinWidatnds @n)
2. dsdlatudiasald  fadwdeuvasnissufiuingy HCl AaUfATunssufiudy
NaOH laauidindulias)sunsuasssia 2 guindu
& Hz SO4 duaiiuiu KOH (gn) 2. CH;COOH dxtiiunu KOH
A.  Ha SO4 dziiiuiiu NHsOH 3. HCI &ziiudiu NH,OH
3. anuwingvalfifisuuaiifa
A. Thudffseangmniusauldaeldsing AH - .
Flumswdsundasmdsuanusaundaslssig
AH Fafintunreuaia o
AHAUANFA
A, flunrsulEoundasnusouudasle 9.
Funsu/8ouulasmausounasnisuldeunla

fae AU Fapalunousile o Usuans WAMILAE Y L tFsine AH Las

AU waz
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A9F7
WRadasivvatndearanaluaanainsaion
dipafuUauaItiai (gn)

4, ﬁmum‘lﬁaquﬁmmﬁﬂdu Fofitlsunan 50.0 ml winfiu 37.92°C, anugfiwaninbu
Feufit/fanau 50.0 ml winfiy 20.91°C
naraamgfudearniiinitauuanindusndufumam 29.11°C
PAMIUMIANIANNTaUaDILAaFnaS (C) AuuaAIAINSaudWIranii
(s) =4.18 JIK-g (dauunirldgns Q = msAT uaa Q=CAT

diamrusauigdoiuuaaaiiinas

fFinAuaNgaNsausaueaadiwasaaiuganlansuaaaiivasfin aewl

ad)
n. 16.0 J/K (gn) 9. 26.0 JIK
A, 36.0 JK 4. 46.0 J/K

5. 92l luauruinuadInNiauaIus e,

. AUTUUTLEI VIV I 9. sUsWINanNauaIVAIKAT
A, TulanausszadlUalIayonnu 3. ATIUAUNIUAIT LEAYBIUDIKAT
@an)

6.
mmmﬁﬁhmﬂwﬁmﬁwﬂﬁmﬂmsmaaﬂ‘luﬁmﬂﬁﬁé‘lm'iu,mneh\amnﬁﬂm']wﬁmﬁuau
SuTanvialy Urasiluiwssating e fiiltandnaaadauuiniigs

X waavdiefiss (gn) 2. @Faefinliuieddin

A, Jenangillusaizitnisneand 9.

AULIAINTT IVAVDIVD I RAIRAVOALEVINITVNARDY

(ALl
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7. Mndumsamnila N=—— a 1 Ao aramila F

v/L

gauselumitsfadfusiomitowesunidedas A faRufnlumiiawns v
Aamruisylumbamessaduadl uas L
gannuvunvasrusas naiomeluniiamsanidedas  fou
anuviiaasiiminoiiuazls.
& dsiugaunuiufandadeaae( N Sz) a1, flsuganunsanitaddad(N

nt)
A, TaugALAUTA LASUISAIEILNNT Q.

T UR UALTUNLAAIRIFAILAENISH LA

annindvaas (N S/I’T%) (gn) unfAitaddas (N SZ/I’I‘?)
8. Lw'sqsmﬁflﬂm']wﬁﬂmawmmmﬁﬂﬁmmﬂﬁﬁu‘?
X UBunssuasuasvaanindu 9. gamlusiuatuaisings (gn)
. Awasuavaiiduduy 3. nAusmszatuanianas

9. dia’laiumITUNIgYBIAINRUILUL
& dninaasanssoy3unnsii o, dvinuasanssa 1
vuaenl3uegdns (gn)
A, dminasvassndudsunnsaaians 3.
iminzavasguiuliuinsuavEns
10. wiaguniteiivsums 75 ml finna 0.2 kg asfiarumuininin’e ?
n. 1.6 g/ml . 2.6 g/ml(gn)
a. 3.6 g/ml 3. 4.6 g/ml
11. ¥iIludraua NS wzraIraaIlAITNa R A UYavat

A, gds1eannduu 9. lfasreurflnmeny
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A, Tudslssianaataadiian 1. fuanauuignsuatusivial

(@n)

12. Wagrsinasvnatiuanaunisidduansavinauiiunga
A IHANBUNLUDIAIINANTINIEL RIS 1R
91 dawtihaatdgstunisaisinvlnaanitfifldsuassiinfudisiu

pardnivanassaSalad

4

1 2z ldaMURNILYIAITNENTINIE Aol
n. dnstdussuitniinuasgisideln @
ansiaruseindmdnuasdrsnas luilsiaun

anFsaU N IUINALNUA (N) wilnaasinAgnunui

a. anstdrnszriniivinaaadifign 9.

Fnsrdruszritiwinaanitfignunudisa
unuiserinuasas gl Urmilnuasansidsluatne

13. dalafonguavanTinniag
n. uAERTUSINesaAnaEiidmIn a°,
daffBuasivinfussfisnuanTuawindu
Tuanawinnu (gn)

A. VaRUaITITiLSINaTiafY 2z 3. wavd TS naswinfu
ediduauTnawiihu
Fuulanavingy
13. annnanaaaeslEunssiaTuawasusa Oz 1iu
dursaneasivinlsuinssia Tuauasdns ia lala
ey sedadaluil
n. Nz (gn) 9. Kl

A. NaOH 4. Na0
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ﬂ: ) L ol e ar +
15. arnansaunsuusuafaulwil  avdind lwdNIdnduaas Cu /Cl}
asagwitand I f1/21,

Wawnarsarans Kl aslugnsazany CUS,Q stfinuadld Lo Tafu uarvnatuad (1)

i
v

lalalandu v

dunng Cl.%F +2 - 1/2[2(S)+ CL$) givitu Armediaauaa (K)

¥

yalfAseiiifindufada
in?

ey _[Cgr]
n K= [CE L] v K="

o K=[LLU). y K=@~%ﬁ -

16. daloiludiulsznaviisuysalvanaadWiliad
X ABUHAE 2 ARNUTAA, dvWIwnda, 9. ABIEad 2 ASATad, dxwiuinda,
AR N, WU
ANFHUN, LWUWTU WU, dmnSuan
A, ASILEASE 2 ASILTAd, FEWNINGa, 3. @3uaad 2 a3uwad, dswnga,

araaln, 99

amel, Tranfiwasusaluniaas WA 2 din, gsaranedidnivalas,
Tafliwns
g1sazaudidning lad WnasuUARas (9n)

17. da’lafodnuaurasit WA laTosauuIn5g U

& HudhuaTnadiahalfazen q. fludhuaTuavdadiuaTnad s
dufive3alfasen
¥ Hz(g,1 atmp H{(1 M) +e- fid IR la Tostaudsi (gn)
A. EludaAdandnd T uTiueud at 4.
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Wudiidsenausaunariniuiuasludisarany

aauundl 25°C Taadnsazatansaiininy asading 0.5 M wasfiuda Ha

A74AU 1 bar
g 0.5 M wasadeuuddiiiu 1 atm wWnludisarany
18. lunnsnaasanlsunassaTuauadad O 11 ldunfiussatinuasdaduvaanudia

e LiuiauA

wnushi aansaldniauser lsunuadsil idasnamunge
. damnasnsigs 9. DINNAIFRN

A, VROANAFDULBEINIUN 9.

gmar s lanudddaiuisawnuiili (gn)

19, gunislasia Wuanefeannumnneauniniusausasdnsacana?
. C(s) +2S(s) —» CSa(s), AH =25.4 keal
9. HCI(g) +aq —» HCKaq), AH =-17.96 kcal (§N)
A. 12Hy(g) + 12I,(g)  —»HI(g), AH=6.2 keal
4.2CO(g) + Ox(g)  —»2COx(g), AH =-135 keal
20. Fammiasielli waaeanurinudsasaiuldaunguasuand
A. auuAlANFIILaTAIINGTLEN 9. gaunnliasdiuastsussian

A, AUUNNAYAILATAIUAUAT (§N) 1. atunaiiesaaazdsunasun
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Appendix P: Practical Test Thai Version
wuvlfiisinisvidtasdataid
Iannsuaed
Wamaaszaddlasardoaiuduins anusulltunes uasaumgi
wannis
MNNHUaILDLA ANV waznnuadat N ng
dusadaupnufuiusssvdarueu (P)  Wsuws (V) wazdwaulua ()

o

ADIUAFYANAF 161 e19il

PV =nRT (1)

dunsh (1) BUAMFUNSEOULTILARDAUAR @n R
Bundrenasshaawdd uid 1 Tuafiaaugfivasanusuninsgiussthlines 22.414
ans Wlounudr P=1atm, V=22414L,n=1mol , T=273.15K aoludun i 1
avld R = 0.082057 L atm K' mol' Auszuy SI arusufiwmiiodu N m?
wardBunasiimitafiu m® arld R=8.314 N m K'mol” = 8.314 JK ' mol™

INFNNTGT 1 anRldiiuuiaasef 16

o

lunsaifiudaiuiarusiusuasiaaamnlgy  luntsneaasilausiouuds lalasiau

]

wasnfuuddlaansunuin uialalasiuedonlsannydifzanssuwiinniane Mg Aunse

HCI éidunns

Mg (s) + 2HCl (aq) —* MgCl (aq)* Hx(g) (2)
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o o

NFUAITA 2 tiud1 Mg 1 Ta vinlffsawadiiu HCI 2 Tua 1Ain MgCl, 1
Ta way H, 1 Tua  dndududoe Mg dmou 2 Twa uax HCI s 5 Tua
Ugastnandeduing Mg 1 TuassvinlffSawaddy HCl 2 Tua fariu Mg uae HCI
Aaranassadnstdinaasduannluaitiu 10 2 au Mg vualy wauuda HCl 1 Tus

] o om

UaAsErasAugaay LU Mg luarsfivinWilfAsemanas
s1BunasTiilinadiin  auwinWdAAsenduaniidn * arsdauumiguna «
duanTuagatdrsfiualBinaddss Taanllunisduinmntiawin
wiaduuTususIRaraaTIAaINUARTeN
uanftasamitninusasuiuTuauaearsimualsuind Ifannnisdh drdegnsias
tninfldlumsiuanBinananinfiinfiasgnsasdae foriu
FefleudanldarsdimualBunadidiuas Ligaaiudu
uaniluasifinaaluanavisouiaacnang
Folunrveaasilidanldansivualsunoudiu Mg
s TnasawsaleTasauiinadu smnsadiuanldamiminues Mg 94 Taa 4
HCI inafiunalunisvinlfifizen
aruduuauAs g TastauiiiuTaennsunuiiin
Termnnanssindnaugu lasdugds (@elusnstei 1)
warmududwiasannaugeaanirfidvalunaaafiiuuds (Ramgeuanii 1 o,

el NdiL 98.088 Pa) 9anaNANAULSIENNTA ab aaknnfivasiiaiiu

Aneaay Jamasliasudadlugdii 1 iedasdianndusiaevinarudzainuiasin i
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+ .

#2971 — e SHENA

i —

' -
feunhnng “H..

—pinch clamp

2] 7_,/-6!—"

S

U 1 wwsasiafildunEussuialalasulaanisinuill

i (uinAendnulseng aadinandidad nadouad, walal, win 28)

1. ussirasludnsn sy Judasandudng
Udasilanafi bifianDaagdininsesuitluiinnes uanlanefifisntiaagdieuu
arsfivavornadvdiatineTudatgsuuu

2. dunalBuasinWadfidauise

3. svdrgazarunsalaTnsnandndingdu 3 M 4 100 ml Idluauin

4. HeTlave Mg wiin 0.03 afu udldasluaraudndn 9 (glass vial) gnsaadusinaan’
8 i Aoy q vdouvaeauditnluauTn  wensmedqlWlaws Mg wn
vdaududafivaaaslwantv Wilanafimidaatnsefitlagnens

5. amlsunesaanitfiaduidase (inwenisie uasvinuenistiufindasya)
Usunseaedin = .ooov..ee. a2

(Winwzn19in 1 aziuu uasvinwenisiiufindaya 1 aziuu (2 aziuu)
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o ooy as

6. @aw g dadauTy WaWid1sararunsaindayinlifdedulavs Mg lwednauin

Founantsidsuudas (Vingeatsdonm)

finnsulasunilas

50

R 1O T PP PO PRI PR
(1 mzLLiaLL)
7. amlBuesiludnse wasrieanugsuanitvimdaluiinee

nsesvitfiaglufinnasilumudiuns (inwen1sia uasinwensidiniaciia)

Vauestfilrwdsuluse = Al

i
- '

anngeani inmdaluiee aanssiuinvagudnmnad = ..l 2,

~

7in¥en1579 1 Azl Lagyinwsn1gldagasiio 1 A (5930 2 azliuu)

L

8. Jegaunnloaninluiininas dfadnluaaugivasuidfiagluiioem
(inszn1siauasvinsznsilaiaiasiia)
aouuniaavinludnned = . 29Fn

finsen13ia 1% AUl kasineen1sldinsalia 14 aciuu (590 1 Asluu)

9, anuandunfigiufiiiaadasiunisnaaatil (nwenisaadunfgIw)

(2 AEULUU)

10. 29d5Uwadt ledviovun (Vinmeansasauiuaindaya)
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............................................................... (2 Azl

11, 29usadEnIAAssuatudad ldanatsnesail Tnulddayalunisiefi 1
warldgns PV=nRT o n foduinTuavewddlaTasaufiindu p
foausuaatuid talasauiimiistlunndda (Pa) V
faysurnsuaudd laTasaulmiratiuau.iung

Fefidnvinfudsuasuanifgaunui R Alafimizentin J deg'mol’

wazAmualviauduysseanid=artuauaaanid Ha+

ausuaadlandnsifiaaunfivasuiduasiu +
anusiuliavanaugiaaslniuaudivnsludnse laainugiuaiii 1 cn

Qudinnusiu 98.088 Pa (Hinitzn15fiAuminunNdaya wasinuen15ATUI0)

NNdaYEa 2 ALULUL LATVINEHENITAILINL 1 AL (993 3 ATUUL)

M5 1 uaaasaINsu tandudang ot iisng 9

gl (°C) | mvwdu(Pa) | anwmiafl (+C}| evweiu (Pa) | aonadl («C) | aweiu (Pa)

24 2983.30 25 3167.15 26 3360.86
27 3564.84 28 3779.49 29 1005.33
30 4242.78 31 4492.22 32 1754.59
33 5030.03 34 5319.20 35 $622.77

Fiun (UvAvenduulseps aneinenddns aefouadl, w.all., win 29)
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13.  adswesaefiafBnisvesns leviAnaestuasdgaL q wuudddandiandg
Taellfets KCIO; A MnO, W luvaannadaunu I

wazifundadandiaulsanisunuimin (Vingen15a0nLUUNISNAGEEN)

(2 Al
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Appendix Q: Translation Back of Student Actual Form of the CLEI

Directions

This questionnaire contains statements about practices which could take place in this
laboratory class. You will be asked the frequency of each practice that really takes place in

your class.

There are no “right” or “wrong” answer. The questionnaire wants you to express your

opinion.

Read and think about how well the following statements describe what this laboratory class

is really like for you. Circle around the number that corresponds to your response.

1 the practice takes place Almost Never

2 the practice takes place Rarely/Not often
3 the practice takes place Sometimes

4 the practice takes place Often

5 the practice takes place Very Often

If you want to change your answer, cross it out and circle a new number. Some statements in
this questionnaire are quite similar to other statements. Do not worry about this. Be sure to

answer every statement,

Practice Example. Suppose that you read the statement, “I choose my partners for
laboratory experiments” You would decide whether you thought that you really choose your
partners Almost Never, Seldom, Sometimes, Often or Very Often. For example, if you

choose “Very Often”, you would circle the number 5 on your Answer Sheet.

Do not forget to write your name and other details on the top of the back side of this page.

This page is an appendix to a book entitled Assessing the Climate of Science Laboratory Classes by
Barry J. Fraser, Geoffrey J. Gidding and Campbell J. McRobbie and published by the Key Center for

School Science and Mathematics at Curtin University of technology, Perth, Australia.

Copyright Barry J. Fraser et al., 1992. This questionnaire may be reproduced for teachers’s use in their

classrooms.
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N R WD

10.

11.
12

13.
14.
15.
16.
17.

18.
19.
20.
21,
22.

23.
24,
25.
26.

27

I am friendly with other students in the laboratory class.

I have the chance to work at my own inferests in science in the Jaboratory class.

What I do in my regular science classes is not related to my laboratory work.

There are clear rules of the laboratory class to guide my experiments.

I find that the laboratory is crowded when I am performing experiments.

In the laboratory class. I have little possibility to get to know other students.

I am demanded to design my own experiments to solve a given problem in the

laboratory class.

The laboratory work is not related to the science topics that I am studying.

My laboratory class is somewhat informal and few rules are required from me.
The equipment and materials that I need for my experiments are in the condition
needed for use.

Other students in the laboratory class help me.

In my laboratory class, other students get different data from mine for the same
problem.

My science class work is combined into lab experiments.

I need to follow certain rules in the laboratory.

I feel ashamed of the appearance of the laboratory.

I know students in the laboratory class well.

I am allowed to go further on the regular science laboratory and do some
experiments of my own.

I use the theory from my science class during my experiments.

I am acknowledged to do things safely in the laboratory.

The laboratory equipment which I use is not arranged in good order.

I am able to rely on other students for help during laboratory classes.

In my laboratory classes. My experiments are different from the experiments of
other students.

The topics in my science class work and in the laboratory are quite different.
There are few fixed rules that I have to follow in the laboratory.

I find that the laboratory is hot and badly ventilated.

It takes me a long time to know everybody in the laboratory class by his/her first
name.

In my laboratory classes, the teacher chooses the best way for me to get the

laboratory experiments done.
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28.

29.
30.
31.
32.

The experiments in the laboratory classes help me to understand the theory I
studied in my science classes.

The teacher explains the points of safety before I start my experiments.

The laboratory is pleasing for me to work in.

I work with others in the laboratory classes.

I decide the best way to continue the laboratory experiments.

. My laboratory experiments are not related to my science class.
34.
35.

My laboratory class has clearer rules than my other classes.

My laboratory has enough space for individual or group work.
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Appendix R: Translation Back of Student Preferred Form of the CLEI

Directions

This questionnaire contains statements about practices which could take place in this
laboratory class. You will be asked the frequency of each practice that would like to takes

place in your class.

There are no “right” or “wrong” answer. The questionnaire wants you to express your

opinion.

Read and think about how well the following statements describe what this laboratory class

that you would like. Circle the number that corresponds to your response.

1 if you would like the practice to takes place Almost Never

2 if you would like the practice to takes place Rarely/Not often
3 if you would like the practice to takes place Sometimes

4 if you would like the practice to takes place Often

5 if you would like the practice to takes place Very Often

If you want to change your answer, cross it out and circle a new number. Some statements in
this questionnaire are quite similar to other statements. Do not worry about this. Be sure to

answer every statement.

Practice Example. Suppose that you read the statement, “I would choose my partners for
laboratory experiments” You would decide whether you thought that you would like to
choose your partners Almost Never, Seldom, Sometimes, Often or Very Often. For

example, if you choose “Very Often”, you would circle the number § on your Answer Sheet.

Do not forget to write your name and other details on the top of the back side of this page.

This page is an appendix to a book entitled Assessing the Climate of Science Laboratory Classes by
Barry J. Fraser, Geoffrey J. Gidding and Campbell J. McRobbie and published by the Key Center for

School Science and Mathematics at Curtin University of technology, Perth, Australia.

Copyright Barry J. Fraser et al., 1992. This questionnaire may be reproduced for teachers’ use in their

classrooms.
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10.

11.
12.

18.
19.
20.
21.
22,

I would be friendly with other students in the laboratory class.

I would have the chance to work at my own interests in science in the laboratory

class.

What I do in my regular science classes would not be related to my laboratory

work.

There would be clear rules of the laboratory class to guide my experiments.

I would find that the laboratory would be crowded when I am performing

experiments.

In the laboratory class. I would have little possibility to get to know other

students.

I would be demanded to design my own experiments to solve a given problem in

the laboratory class.

The laboratory work would not be related to the science topics that I am studying.

My laboratory class would be somewhat informal and few rules would be

required from me.

The equipment and materials that I need for my experiments would be in the
condition needed for use.

Other students in the laboratory class would help me.

In my laboratory class, other students would get different data from mine for the

same problem.

. My science class work would be combined into laboratory experiments.
14.
15.
16.
17.

I would need to follow certain rules in the laboratory.

I would feel ashamed of the appearance of the laboratory.

I would know students in the laboratory class well.

I would be allowed to go further on the regular science laboratory and would do
some experiments of my own.

I would use the theory from my science class during my experiments.

I would be acknowledged to do things safely in the laboratory.

The laboratory equipment which I use would not be arranged in good order.

I would be able to rely on other students for help during laboratory classes.

In my laboratory classes, my experiments would be different from the

experiments of other students.

. The topics in my science class work and in the laboratory would be quite

different.
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24.
25.

27.

28.

29.
30.
. I would work with others in the laboratory classes.
32.
33.
34.
35.

There would be few fixed rules that I would have to follow in the laboratory.

I would find that the laboratory is hot and badly ventilated.

It would take me a long time to know everybody in the laboratory class by
his/her first name.

In my laboratory classes, the teacher would choose the best way for me to get the
laboratory experiments done.

The experiments in the laboratory classes would help me to understand the
theory I studied in my science classes.

The teacher would explain the points of safety before I start my experiments.

The laboratory would be pleasing for me to work in.

I would decide the best way to continue the laboratory experiments.
My laboratory experiments would be unrelated to my science class.
My laboratory class would have clearer rules than my other classes.

My laboratory would have enough space for individual or group work.
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Appendix S: Translation Back of Student Questionnaire of the QTI

Directions

This questionnaire asks to describe your teacher’s behaviour.

This is NOT a test.

This questionnaires wants you to express your opinion.

The questionnaire has 48 items about your teacher and his interaction. For each statement,

circle the number that corresponds to your response. For example :

Never Always

The teacher expresses himself/herself clearly. 0 1 2 3 4

If you think that your teacher always expresses himself/herseif clearly, circle the number 4.
If you think your teacher never expresses himself/herself clearly, circle the number 0. You
can choose the number 1, 2 and 3. If you want to change your answer, cross it out and circle
the new number.

Please answer all questions.

Thank you for your co-operation.
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30.
. The teacher thinks that we do not know anything.

The teacher talks about his /her subject with enthusiasm.
The teacher trusts us.

The teacher appears to be uncertain.

The teacher becomes angry without expecting.

The teacher explains his/her subject clearly.

If we do not agree with the teacher, we can discuss about it.
The teacher shows signs of uncertainty.

The teacher becomes angry quickly.

The teacher gives thought and care to us.

. The teacher is willing to explain his/her subjects again.

. The teacher does as if he/she does not know what to do.

The teacher is too quick to correct us when we fail to obey a rule.

. The teacher knows what goes in the classroom.

If we have something to say, the teacher will listen.

. The teacher allows us to have responsibility.

. The teacher is quick-tempered.

. The teacher is a good leader.

. The teacher is conscious when we do not understand.
. The teacher is not sure what to do when we make silly jokes.
. It is easy to disagree/argue with the teacher.

. The teacher does with the feeling of confidence.

. The teacher is patient.

. Tt is easy to make the teacher seem uncertain.

. The teacher makes foolish/mocking comments.

. The teacher helps us with our work.

. In the teacher’s class, we can decide something.

. The teacher thinks that we are dishonest.

. The teacher is severe.

The teacher is friendly.

We can use our power on the teacher.

. We must be silent in the teacher’s class.
. We can depend on the teacher.

. The teacher allows us to decide when we will make experiments in class.
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. The teacher suppresses us by authority.

The teacher’s tests are difficult.
The teacher has a sense of amusement.
The teacher allows us to avoid the penalty with a lot in class.

The teacher thinks that we cannot do things well.

. The standards of the teacher are very high.

. The teacher can accept a joke.

. The teacher gives us much free time in class.

. The teacher does not seem to be pleased.

. The teacher is strict when he/she marks papers.
. The teacher’s class is agreeable.

. The teacher is not severe/strict.

. The teacher is suspicious.

. We are afraid of the teacher.
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Appendix T: Translation Back of Ideal Teacher of the QTI

Directions

This questionnaire asks for your opinion of an ideal teacher’s behaviour.
Think about your ideal teacher and keep this ideal teacher as you respond to the following

statements.

The questionnaire has 48 items about the ideal teacher. For each statement, circle the number

that corresponds to your response. For example :

Never Always

The teacher expresses himself/herself clearly. 0 1 2 3 4

If you think that your teacher always expresses himself/herself clearly, circle the number 4.
If you think your teacher never expresses himself/herself clearly, circle the number 0. You
can choose the number 1, 2 and 3. If you want to change your answer, cross it out and circle
the new number.

Thank you for your co-operation.

Please write your name and other details at the top of the back side of this page so that we

can give you a report of the results.
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The teacher would talk about his /her subject with enthusiasm.
The teacher would trust us.

The teacher would appear to be uncertain.

The teacher would become angry without expecting.

The teacher would explain his/her subject clearly.

If we did not agree with the teacher, we would discuss about it.
The teacher would show signs of uncertainty.

The teacher would become angry quickly.

The teacher would give thought and care to us.

. The teacher would be willing to explain his/her subjects again.
. The teacher would do as if he/she did not know what to do.

. The teacher would be too quick to correct us when we failed to obey a rule.
. The teacher would know what goes in the classroom.

. If we had something to say, the teacher would listen.

. The teacher would allow us to have responsibility.

. The teacher would be quick-tempered.

. The teacher would be a good leader.

. The teacher would be conscious when we did not understand.
. The teacher would not be sure what to do when we made silly jokes.
. It would be easy to disagree/argue with the teacher.

. The teacher would do with the feeling of confidence.
22.

The teacher would be patient.

It would be easy to make the teacher seem uncertain.

. The teacher would make foolish/mocking comments.

. The teacher would help us with our work.

. In the teacher’s class, we would decide something.

. The teacher would think that we are dishonest.

. The teacher would be severe.

. The teacher would be friendly.

. We would use our power on the teacher.

. The teacher would think that we did not know anything.
. We would have to be silent in the teacher’s class.

. We would depend on the teacher.
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The teacher would allow us to decide when we would make experiments in
class.

The teacher would suppress us by authority.

The teacher’s tests would be difficult.

The teacher would have a sense of amusement.

The teacher would allow us to avoid the penalty with a lot in class.

The teacher would think that we could not do things well.

. The standards of the teacher would be very high.

. The teacher would accept a joke.

. The teacher would give us much free time in class.

. The teacher would not seem to be pleased.

. The teacher would be strict when he/she marked papers.
. The teacher’s class would be agreeable.

. The teacher would not be severe/strict.

. The teacher would be suspicious.

. We would be afraid of the teacher.
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Appendix U: Translation Back of Attitude to Science Lessons

Directions

The ten statements below are about your science lessons that you have studied in this class.

Please share your opinion of these statements. There are no “Right” or “Wrong” answers.

Please circle:

1 If you do not agree with the statement.
2 If you are not sure.
3 If you agree with the statement.

Disagree | Notsure | Agree

1. 1look forward to studying science lessons. 1 2 3
2. Science lessons are fun. 1 2 3
3. Iam pleased with the activities we do in 1 2 3

science class.

L5 ]

4. The most interesting thing at school is 1 2

science class.

5. 1 want to study more about the world we 1 2 3
live in.
6. It is important to find out about new 1 2 3
things.
7.1 am pleased with science lessons in this 1 2 3
class.
8. 1 like to talk to my friends about what we 1 2 3
do in this class.
9. We should study more science lessons each 1 2 3
week.
10. After science class, | feel satisfied. 1 2 3
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Appendix V: Copy of Inclusions in First Mailout: Consent to Collect Data.

(letterhead here)
Principal
School Name
Postal Address
Postal Suburb
State, Post Code
Date

Dear Principal (Name)

We ask you to permit research data conducted by Professor Darrell Fisher, Professor
David Treagust and Assistant professor Sunan Wititsiri from the National Key
Centre for School Science and Mathematics, Curtin University of Technology. The

key Centre aims to improve the quality of school science and mathematics.

This study examines student’ outcomes and perception of physical chemistry
learning by combining quantitative and qualitative methods within the same study in
physical chemistry classrooms in Thailand. It is expected to encourage science
teachers to assess the environment of physical chemistry laboratory classrooms at the

university level, and so improve the quality of their teaching and professional life.

A number of 198 students from co-educational Rajabhat Universities will be
participated in this research study in early semester. They will be asked to respond
the Chemistry Laboratory Environment Inventory (CLEI) and the Questionnaire on
Teacher Interaction (QTI). The questionnaires were completed about 30 minutes, and
the Attitude Scale, the cognitive test and the practical test completed about 60
minutes. In the end of the semester, these 198 students are then reduced to 100
students and they will be asked to respond the actual environment of questionnaires,

the Attitude Scale, the cognitive test and the practical test.

We are anonymous Individual schools, teachers and students, and identify numbers
used for all the data analyses. You can contact us by phone number on 056-219100
or fax number on 056-221554.
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Thank you to consider our request.
Yours sincerely
Professor Darrell Fisher, Professor David Treagust and Assistant professor Sunan

Wititsiri



To parents of student:

Professor Darrell Fisher, Professor David Treagust and Assistant professor Sunan
Wititsiri from the National Key Centre for School Science and Mathematics, Curtin
University of Technology are investigating a study to examine students’ perceptions

in physical chemistry laboratory classrooms and their outcomes.

A number of 198 students from four Rajabhat Universities will be participating in
this study. This study involves your child answering four questionnaires and some
students are asked questions in qualitative data collection. Researcher and supervisor

will be anonymous all students names.

If you agree to your child’s participation in this study, please sign the slip below and

return it to me. Thank you for your kind cooperation.

Yours faithfully
-- --(Principal)

.......................................................................................................

I hereby permit for my child - (Name)
to answer questionnaires related to the learning environment in a physical chemistry

laboratory classroom.

et (Signature)---—rrmm=mmmomm—maee (Date)
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Appendix W: Letter of Consent to Interview Students

Dear Parents

I am a doctoral student at the Science and Mathematics Education Centre at Curtin
University of Technology. This letter informs you about interview and story written
to your child’s science laboratory class. The reasons for interviews and story written
are to collect data about classroom environments and teacher-student interactions in
the physical chemistry laboratory class. I have permission from the principal and
child’s teacher to qualitative data collecting for my research study. I will ask some
students about their perceptions’ learning environments and motivate students to
write short stories about their teacher behaviours. This uses ten minutes of time.
These asking and story written cause students reflect learning environments and
teacher behaviours in a classroom. The information collected will not be contributed

to assessment and grading. Some students are selected to this qualitative part.

If you have any questions regarding in my research please contact me on 05-

0505738.

Yours faithfully.

Sunan Witisiri

Doctoral student
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