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The purposes of the study were to develop critical thinking skills in the climate
change unit with interdisciplinary approach and to study the results of the unit
implementation on the students’ critical thinking skills, the students’ achievement, and
the students’ opinions toward the unit and the teachers’ opinions toward the unit. The
research study was conducted through three stages including unit development, unit
implementation, and unit evaluation.

Following these stages and procedures, a draft of the climate change unit with
interdisciplinary approach to enhance critical thinking skills was developed based on the
science strand 6.1, mathematics strand 6.1, Thai language strand 3.1, foreign
languages strand 3.1, and art strand 1.1 in the Basic Education Core Curriculum B.E.
2551 (A.D. 2008) at grade 7. The content of unit included 8 learning units: atmosphere
that enveloped the world, the graph tells relations climate, glaciers disappear, ocean
currents, back in time with the ice bar, life in the greenhouse, carbon footprint, and
biome and climate change. The 2(CPA) model, the model for enhancing critical thinking
skills, that consists of 6 steps as follow; step 1 clarification & challenge, step 2: data
collection, step 3: judging & processing Information, step 4: inference, step 5: applying
knowledge, and step 6: assessment were used in this study. The draft unit was verified
for quality, appropriateness, and validity by experts. The draft unit was tried out with
thirty-five 7th grade students at Kohsirae School, Phuket province, Thailand during the
first semester of the academic year 2013.

The revised unit was implemented in the class with the students from
Banthongkha School, Phuket province. There were thirty-eight 7th grade students in the
first semester of the academic year 2013 and the instruction was conducted within 24
learning periods. The assessment tools were the achievement test, the critical thinking

skills test, the questionnaire of students’ opinions toward the unit, and the questionnaire



of teachers’ opinions toward the unit. The data were analyzed by using mean and
standard deviation. Research hypotheses were tested by t-test.

The results revealed that:

1. The students’ achievement scores after studying the revised unit of
experimental group was significantly different at 0.05 level of significance above the
students’ achievement scores before studying the revised unit in the same group.

2. The students’ achievement scores after studying the revised unit of
experimental group was significantly different at 0.05 level of significance above the
students’ achievement scores after studying the climate change without using the
revised unit of control group.

3. The students’ scores of experimental group in each critical thinking skill and
in total mean score after using the revised unit were statistically higher than the
students’ mean scores before using the revised unit in the same group at the 0.05 level
of significance.

4. The students’ critical thinking skills scores after studying the revised unit of
experimental group was significantly different at 0.05 level of significance above the
students’ critical thinking skills scores after studying the climate change without using
the revised unit of control group.

5. The student opinion scores toward the revised unit after using the unit were
significantly higher at the 0.05 level of significance.

6. The participating teacher’s opinion mean scores after using the revised unit

were significantly higher at the 0.05 level of significance.
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CHAPTER 1
INTRODUCTION

1. Background

Thai education system has long emphasized "chalk and talk" pedagogy, rote
learning, placing an importance on school education with teachers as the center of
teaching-learning activities. Even worse, the knowledge provided is not relevant to the
needs of learners and community (Kaewdang. 1999: Online) therefore education
management that focuses on learners is important and essential now.

Presseisen (1991: 62) states that “Without a common understanding of what we
mean by thinking, we cannot even being to address the extensive problems associated with
the development of students’ higher cognitive performances” thus the important and
essential ability to think in democratic or knowledge or information society is associated
with the learners with the ability to think critically because critical thinking is one type that
focuses on life in society and is characteristic of students in the study aims of education
today (Miller; & Badcock. 1996: 7).

Fraker (1995: 9) pointed out that two underlying themes as to the reasons why

student lack critical thinking skills:
(a) lack of exposure to these skills, such as problem solving and applying learned knowledge
to new situations, and (b) students have been ‘spoon fed content and have not had to think for

themselves”

Chaffee (1985: 49) said that critical thinking is "making sense of our world by
carefully examining our thinking and the thinking of others in order to clarify and improve
our understanding" and Scriven (1985: 11) noted that “training in critical thinking should be
the primary task of education”. According to Thailand’s National Education Act of B.E. 2542
(A.D. 1999) and Amendments (Second National Education Act B.E. 2545 (A.D. 2002))
(2003: 13), “The substance of the curricula, both academic and professional, shall aim at
human development with desirable balance regarding knowledge, critical thinking,

capability, virtue and social responsibility.” that conform with a current trend in education



stresses that students preparing for the 21" century must acquire a variety of critical
thinking skills. Hannel and Hannel (1998: 87) proposed that in the task of helping students
become critical thinkers, two impediments stand in the way. The first is a widespread
misdiagnosis about why students fail to become critical thinkers in the first place, and the
second is the lack of a practical instructional strategy for teaching critical thinking skills in
the classroom. Both of these problems can be remedied.

Norris (1985: 40-45) and Bodi (1988: 150-153) mentioned the importance of
critical thinking "The critical thinking is thinking for considering anything deliberately that
lead to conclusions and reasonable decision. Critical thinking is valuable in themselves and
learners have rights to develop critical thinking look on the essential conditions for
educational management. Therefore critical thinking provides children with the opportunity
to develop their own potentiality including age, body, mind, intelligence and emotion for
living in society with value and happiness. Critical thinking is processes of thinking that is
based on evaluation of evidence for leading to objective conclusions, considering elements
related issues, reasoning with appropriate logic and thought carefully considered for
decision to accept or reject such claims (Moore; & Parker. 1986: 207).

Edward Glaser (1941: 5), who is considered the father of the modern critical
thinking movement, defined critical thinking as follows: “The ability to think critically involves
three things: (1) an attitude of being disposed to consider in a thoughtful way the problems
and subjects that come within the range of one’s experiences (2) knowledge of the
methods of logical inquiry and reasoning, and (3) some skills in applying those methods”.

According to Richard Paul (1995: 91), there are two crucial things in defining
critical thinking:

1) critical thinking is not just thinking, but thinking which entails self-improvement
and

2) this improvement comes from skill in using standards by which one
appropriately assesses thinking

Robert Ennis (1996: xvii) pointed out that critical thinking is not a thing or a goal
in and of itself; rather, it is a process of making informed decisions that affects the way of

his/her life, the ultimate goal of which is to live reasonably in the strong or ethical sense of



the term. It is based on a practical examination of one’s beliefs and actions as a guide for
living an examined life.

Critical thinking is essential to effective learning and productive living. At the level
of practical decision making, Nosich (2005: 29) explained that “critical thinking helps when
we are simply trying to deal with ordinary tasks: how to study more effectively, find a
strategy when stuck in an airport, decide what kind of cloths to buy” and Paul (1995: 257)
said that teaching students intellectual skills is not enough. Students must be educated to
think critically in the “strong sense” which is “necessary to moral integrity and responsible
citizenship”.

Like every higher order skill, quality thinking must be cultivated. Education is the
process that (ideally) provides the environment for higher order thinking skills to develop.
As a theorist of critical thinking and critical pedagogy, Brookfield, long considered an
"expert" on critical thinking, contended that critical thinking is a process. Although his
definition includes emotional as well as rational components, and clearly acknowledges the
importance of culture and context, it contains the following common characteristics:

1. Identifying and challenging assumptions,

2. Challenging the importance of context,

3. Trying to imagine and explore alternatives and

4. Reflective Skepticism. (Brookfield. 1987: 7-9)

He pointed out that critical thinking is pursued as an important educational goal
“because learning to think critically can help students deal with ambiguity and negotiate the
bewildering pace of social and technological change”. (Brookfield. 2005: 49)

Critical thinking requires rigorous intellectual work. It is not easy and nor should it
be. Scheffler (1973: 144) wrote “To be reasonable is a difficult achievement. The habit of
reasonableness is not an airy abstract entity that can be skimmed off the concrete body of
thought and practice”. Furthermore, “Educational skill is not instinctive but rather the
product of training and experience, leading to a mastery of [intellectual] rules” (Scheffler.
1973: 145).

Paul and Elder (2006: xx) emphasized the importance of intellectual work as a
necessary condition to improving the quality of one’s thought. “To make significant gains in

the quality of your thinking, you will have to engage in a kind of work that most humans



find unpleasant, if not painful: intellectual work”. Paul and Elder note that poor motivation is
one of the most significant obstacles to developing as a thinker. Although one’s community
can provide the environment and support conducive to fostering motivation, ultimately the
responsibility to engage in intellectual work rests on the individual.

Schafersman noted that critical thinking can be described as the scientific method
applied by ordinary people to the ordinary world because critical thinking mimics the well-
known method of scientific investigation: a question is identified, a hypothesis formulated,
relevant data sought and gathered, the hypothesis logically tested and evaluated, and
reliable conclusions drawn from the result. All of the skills of scientific investigation are
matched by critical thinking, which is therefore nothing more than scientific method used in
everyday life rather than in specifically scientific disciplines or endeavors. Critical thinking is
scientific thinking. Many books and papers describing critical thinking present its goals and
methods as identical or similar to the goals and methods of science (Schafersman. 1991:
3). Highlighting foundational critical thinking concepts like purposes, questions, hypotheses,
problems, concepts (model and contrary), reasons/causation, inferences, consequences,
and types of methods for gathering information/data is one of the most fundamental general
principles implicit within scientific thinking (Schafersman. 1997: 1).

Today, the interdisciplinary approach is a key concept to the advancement of school
curriculum at all levels. It has now become debated as to whether an interdisciplinary
approach is the best course for a curriculum. Though it has many advantages such as
expanding student understanding and achievement between all disciplines or enhancing
communication skills, it also has disadvantages such as integration confusion and time-
consuming curriculum preparation (Jones. 2010: 1)

Interdisciplinary approach to teaching requires planning that looks at the
foundational objectives of a number of curriculum areas. Connecting curriculum in the
interdisciplinary approach is an efficient way to help teachers deal with knowledge that
grows at exponential proportions. A unit of study that uses the interdisciplinary approach
enables teachers to teach the whole student and make links between disciplines. One goal
for this approach is to give students a more relevant, less fragmented and stimulating

experience (Jacobs. 1994: 10).



The purpose of this approach is to dissolve the boundaries of areas of study and
encourage learning across the curriculum. Educators must develop a plan where they can
see the natural areas for integration and develop thematic units. Student learning outcomes
should include a well-rounded education where critical thinking and transfer of knowledge is
evident with the school and the outside world.

The climate change provides an integrated and interdisciplinary approach to a
true understanding of climate of our planet. Interdisciplinary is defined as a concept view
and curriculum approach that deliberately applies a variety of methodology and language
from an array of discipline fields to examine a theme, problem, issue, experience, or topic.
An interdisciplinary approach integrates thinking and learning skills and unifies content and
process. Climate change includes and applies knowledge from biology, chemistry, physics,
ecology, and mathematics to tackle complex interdisciplinary issues. Climate change
education also improves critical thinking skills through interdisciplinary approach. It offers a
historical perspective and improves our ability to predict future events. To understand
climate processes that affect us now and tomorrow, meteorologists look for evidence of
what happened in the past. This connects students to the past, as well as challenges them

to think about the future.

2. Research Questions
The research answered the following questions in the study:

1. Can students’ study through the climate change unit based on
interdisciplinary approach improve their critical thinking skills?

2. Can students’ study through the climate change unit based on
interdisciplinary approach gain more understanding of climate change?

3. What are the students’ opinions toward the climate change unit based on
interdisciplinary approach?

4. What are the teachers’ opinions toward the climate change unit based on

interdisciplinary approach?



3. Objectives of the Study
The purposes of this study are as follows:
1. To develop a climate change unit to enhance lower secondary students’
critical thinking skills
2. To implement the climate change unit to enhance lower secondary students’
critical thinking skills
3. To evaluate the result after using the climate change unit on
3.1 The students who are participated in this study on learning achievement
3.2 The students who are participated in this study on critical thinking skills
3.3 The students who are participated in this study on opinions toward the
climate change unit
3.4 The teachers who are participated in this study on opinions toward the

climate change unit

4. Significance of the Study

The results of this study will provide useful information for developing climate
change units which emphasizes developing critical thinking skills for lower secondary
students. It will be possible for secondary school teachers to apply the design format to
develop other science courses for developing critical thinking skills. The instructional plans
for climate change unit will use a variety of teaching methods for developing critical thinking
skills. This study will provide useful information on the roles of the teachers and the

students.

5. Scope of the Study
5.1 Sources of Data
5.1.1 Sources of Data in Field Trial Study
5.1.1.1 Teacher
A science teacher who teaches science for lower secondary school
students at Kohsirae School in Phuket province and are trained to teach students by

following the lesson plans on climate change unit.



5.1.1.2 Student
Population
Three classrooms of seventh grade (Mathayomsuksa 1) students
who studied science topics in the first half of the first semester of the 2013 academic year
at Kohsirae School in Phuket province.
Sample
A classroom of seventh grade (Mathayomsuksa 1) students (n=35)
who studied science topics in the first half of the first semester of the 2013 academic year

at Kohsirae School in Phuket province.

5.1.2 Sources of Data in Field Study
5.1.2.1 Teacher
A science teacher who teaches science for lower secondary school at
Banthongkha School in Phuket province and are trained to teach students by following the
lesson plans on climate change units.
5.1.2.2 Student
Population
Three classrooms of seventh grade (Mathayomsuksa 1) students
who studied science topics in the second half of the first semester of the 2013 academic
year at Banthongkha School in Phuket province.
Sample
Two classrooms of seventh grade (Mathayomsuksa 1) students
who studied science topics in the second half of the first semester of the 2013 academic
year at Banthongkha School in Phuket province. A classroom is the experimental group

(n=38) and the other is the control group (n=40).

5.2 Variables
5.2.1 Independent Variable
The climate change unit based on interdisciplinary approach
5.2.2 Dependent Variables
1. Critical thinking skills



2. Learning achievement
3. Students’ opinion towards the climate change unit

4. Teachers’ opinion towards the climate change unit

6. Definitions of Terms

6.1 “Critical Thinking” is reasonable and reflective thinking with focuses on
deciding what to believe or do. Aspects of critical thinking that the researcher would like to
develop consist of:

6.1.1) “Induction” is a method of reasoning that moves from specific
instances to a general conclusion.

6.1.2) “Deduction” is a method of reasoning from the general to the specific.

6.1.3) “Observation” is a method of data collection in which the situation of
interest is watched and the relevant facts, actions and behaviors are recorded.

6.1.4) “Credibility of Sources” is judgments made by a perceiver concerning
the believability of a communicator

6.1.5) “Assumption Identification” is accepted cause and effect
relationships, or estimates of the existence of a fact from the known existence of other
fact(s).

6.2 “Disciplinary” is focused on a discrete subject with its characteristic regimen
of investigation and analysis.

6.3 “Interdisciplinary” is a concept view and curriculum approach that
deliberately applies a variety of methodology and language from an array of discipline fields
to examine a theme, problem, issue, experience, or topic.

6.4 “Interdisciplinary Approach” is defined as a concept view and curriculum
approach that deliberately applies a variety of methodology and language from an array of
discipline fields to examine a theme, problem, issue, experience, or topic.

6.5 “Learning Achievement” is knowledge, skills and attitudes in the process of
learning which can be measured and tested.

6.6 “The Climate Change Unit” was designed to promote lower secondary

students’ critical thinking skills and learning achievements by the interdisciplinary approach.



Topics in the climate change unit include 8 topics during 24 periods (1 period = 50

minutes).

7. Conceptual Framework

According to Thailand’s National Education Act of B.E. 2542 (A.D. 1999) and
Amendments (Second National Education Act B.E. 2545 (A.D. 2002)) (2003: 13) “The
substance of the curricula, both academic and professional, shall aim at human
development with desirable balance regarding knowledge, critical thinking, capability, virtue
and social responsibility.” that conform with a current trend in education stresses that
students preparing for the 21* century must acquire a variety of critical thinking skills but a
lot of researches both Thailand and foreign research show that most of students lack of
critical thinking skills. Critical thinking is a concept that can be defined, described, and
conceptualized in a variety of ways. Pertinent to this research study is to present the
climate change unit with interdisciplinary approach for developing critical thinking skills.
From the survey and study, topics in the climate change unit include 8 topics. The scheme

for the conceptual framework is depicted in Figure 1.

Dependent Variables

Learning Outcome

Independent VTt _ Critical thinking skills

- Learning achievement

Climate change unit End User Opinion

Interdisciplinary - Students’ opinion towards

v

the climate change unit.
Approach 9

- Teachers’ opinion towards

the climate change unit.

FIGURE 1 CONCEPTUAL FRAMEWORK OF THE STUDY
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8. Research Hypotheses

The hypotheses of this study are:

1. Students who learn through the climate change unit have significantly
higher post-test scores of learning achievement than pre-test scores.

2. Students who learn through the climate change unit have significantly
higher post-test scores of learning achievement than students who do not learn in such
unit.

3. Students who learn through the climate change unit have significantly
higher post-test scores of critical thinking skills than pre-test scores.

4. Students who learn through the climate change unit have significantly
higher post-test scores of critical thinking skills than students who do not learn in such unit.

5. Students’ opinion scores toward the revised unit after using the unit was
implemented are at a high level.

6. Teachers’ opinion scores toward the revised unit after using the unit was

implemented are at a high level.



CHAPTER 2
REVIEW OF RELATED LITERATURE

This chapter reviewed the scholarly literature that is relevant to the research
objectives and the circumstances in which they are explored. The literature review aims
to identify the various exemplary perspectives of science education that can be used to
explain:

1) Definitions of Critical Thinking

2) Why is Critical Thinking important?

3) Importance of Critical Thinking in Science Learning

4) Critical Thinking Assessment

5) Enhancing Critical Thinking Skills

6) Definitions of Interdisciplinary Approach

7) Importance of Interdisciplinary Approach

8) Why Climate Change?

1. Definitions of Critical Thinking

Critical thinking proves to be a difficult concept to define. Despite years of
debate, no universal definition of critical thinking exists. Even so, it is useful to examine
definitions of some of the more influential individuals in this field. We will find that most
definitions focus on cognitive abilities and the use of such abilities to make choices and
decisions.

John Dewey gave a succinct definition of critical thinking. Even though he did
not use many of the current terms for critical thinking, such as critical thinking itself, he
overviewed many of the universally accepted elements and standards of the discipline.
“Active, persistent, and careful consideration of any belief or supposed form of
knowledge in the light of the grounds that support it and the further conclusions to
which it tends constitutes reflective thought” (Dewey. 1933: 9). Further in his study,
Dewey defined inference, a commonly used term relative to critical thinking, as “this
process of arriving at an idea of what is absent on the basis of what is at hand”
(Dewey. 1933: 95). Dewey classified the functions of reflective activity into five

categories: suggestions, a problem to be solved, the development of leading ideas or



12

hypotheses, the development of suppositions (as a part of the function of inference),
and the testing of the hypothesis through action (Dewey. 1933: 107).

In 1953, Smith wrote, “Now if we set about to find out what...[a] statement
means and to determine whether to accept or reject it, we would be engaged in thinking
which, for lack of a better term, we shall call critical thinking” (as cited in Ennis. 1964:
599). This definition is representative of the common notion of critical thinking at the
time that it related to judging the accuracy of statements.

The theory of critical thinking began primarily with the works of Bloom, who
identified six levels within the cognitive domain, each of which related to a different level
of cognitive ability. Knowledge focused on remembering and reciting information.
Comprehension focused on relating and organizing previously learned information.
Application focused on applying information according to a rule or principle in a specific
situation. Analysis was defined as critical thinking focused on parts and their
functionality in the whole. Synthesis was defined as critical thinking focused on putting
parts together to form a new and original whole. Evaluation was defined as critical
thinking focused upon valuing and making judgments based upon information. Critical
thinking is deemed to take place when students are required to perform in the Analysis,
Synthesis, and Evaluation levels of Bloom’s taxonomy.

Watson and Glaser (1964: 1) defined critical thinking as a composition of
attitudes, knowledge and skills which includes:

1. Attitude of inquiry that involves an ability to recognize the existence of a
problem and acceptance of the general need for evidence in support of what is asserted
to be true.

2. Knowledge of the nature of valid inferences, abstraction and generalization
in which the weight or accuracy of the different kinds of evidence are logically
determined.

3. As skills in employing and applying the above attitudes and knowledge.

Mathews and Gual (1979: 17) defined critical thinking as an attitude of inquiry
which involves the use of facts, principles, theories, abstractions, interpretation and
evaluation of arguments.

McPeck (1981: 8) referred to critical thinking as “a propensity and skill to
engage in an activity with reflective skepticism” and Brookfield (1987: 7-9) outlined

several major components that are central to critical thinking: identifying and challenging
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assumptions, challenging the importance of context, and imagining and exploring
alternatives also lead to reflective skepticism.

Chance (1986: 6) noted that critical thinking is the ability to analyze facts,
generate and organize ideas, defend opinions, make comparisons, draw inferences,
evaluate arguments and solve problems.

The Foundation for Critical Thinking (FCT) website lists many definitions, one

of which reads:

Critical thinking is that mode of thinking about any subject, content, or problem in which
the thinker improves the quality of his or her thinking by skillfully analyzing, assessing, and
reconstructing it. Critical thinking is self- directed, self-disciplined, self-monitored, and self-corrective
thinking. It presupposes assent to rigorous standards of excellence and mindful command of their

use. It entails effective communication and problem-solving abilities, as well as a commitment to
overcome our native egocentrism and sociocentrism. (Foundation for Critical Thinking [FCT].

1987: Online)

Lipman (1988a: 39) stated that critical thinking is “skillful, responsible thinking
that facilitates good judgment because it relies upon criteria, is self-correcting, and is
sensitive to context”.

Chafee (1988: 29) stated that critical thinking is "our active, purposeful, and
organized efforts to make sense of our world by carefully examining our thinking, and
the thinking of others, in order to clarify and improve our understanding".

Tama (1989: 1) states that, “However defined, critical thinking refers to a way
of reasoning that demands adequate support for one’s beliefs and an unwillingness to
be persuaded unless the support is forthcoming”. Tama’s definition emphasizes the
tendency for people to hold unjustified beliefs. Thus, for Tama, thinking critically is often
the exception rather than the norm.

Furthermore, Jones (1989: 13) used the following definition of critical thinking:
Reflective and reasonable thinking that is focused on deciding what to believe or do.
It involves:
1. ability to define and clarify such things as problems, issues, conclusions, reasons,
assumptions,
2. ability to judge the credibility, relevance and consistency of information, and

3. ability to infer or to solve problems and draw reasonable conclusions.
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Wisnyai (1988: 6) used the very similar short definition of, “reasonable,
reflective thinking that is focused on deciding what to believe or do”.

Kurfiss (1989: 42) suggests critical thinking is a process in his definition of
critical thinking:

(Critical thinking is) the process of figuring out what to believe or not about a situation,
phenomenon, problem, or controversy for which no single definitive answer or solution exists. The

term implies a diligent, open-minded search for understanding, rather than for discovery of a

necessary conclusion.

Gray (1991: 1) describes critical thinking “as the reasoning we do in order to
determine whether a claim is true”.

Ennis explained his understanding of critical thinking as, “reasonable reflective
thinking focused on deciding what to believe or do” (Ennis. 1991: 22). Ennis (1993: 179)
referred to critical thinking as the “upper three levels of Bloom’s taxonomy of
educational objectives (analysis, synthesis, and evaluation)”. He claimed that these
levels are more interdependent than hierarchical, as Bloom believed. Ennis defined
critical thinking in this way: “Critical thinking is reasonable reflective thinking focused on
deciding what to believe or do (Ennis. 1993: 180). Furthermore, his definition is one of
the most cited because, in part, it explicates the practical nature and goals of thinking
critically. He wrote, “Critical thinking is a process, the goal of which is to make
reasonable decisions about what to believe and what to do” (Ennis. 1996: xvii). Ennis
points out that critical thinking is not a thing or a goal in and of itself; rather, it is a
process of making informed decisions that affects the way one lives his/her life, the
ultimate goal of which is to live reasonably in the strong or ethical sense of the term. It
is based on a practical examination of one’s beliefs and actions as a guide for living an
examined life.

The National Council for Excellence in Critical Thinking Instruction defined
critical thinking:

“Critical thinking is the intellectually disciplined process of actively and skillfully

conceptualizing, applying, analyzing, synthesizing or evaluating information gathered from, or

generated by, observation, experience, reflection, reasoning, or communication, as a guide to belief

and action” (Paul & Nosich. 1991: 4).

Lipman (1991: 116) defines critical thinking as “skillful and responsible thinking

that (1) facilitates judgment because it, (2) relies on criteria, (3) is self-correcting, and
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(4) is sensitive to context’. Lipman, whose definition is highly visible within the
discourse, not only emphasizes the need for criteria in evaluating reasoning, but points
out that one who thinks well is sensitive to context.

Mertes (1991: 24) noted that critical thinking is a conscious and deliberate
process which is used to interpret or evaluate information and experiences with a set of
reflective attitudes and abilities that guide thoughtful beliefs and actions.

Pascarella and Terenzini (1991: 118) compiled several definitions, stating that
critical thinking “typically involves the individual's ability to do some or all of the
following: identify central issues and assumptions in an argument, recognize important
relationships, make correct inferences from data, deduce conclusions from information
or data provided, interpret whether conclusions are warranted on the basis of the data
given, and evaluate evidence or authority”.

Paul described three aspects of critical thinking that he feels are of paramount
importance including,

(1) Disciplined, self-directed thinking which exemplifies the perfections of
thinking appropriate to a particular mode or domain of thinking. (2) Thinking that
displays mastery of intellectual skills and abilities. (3) The art of thinking about your
thinking while you are thinking in order to make your thinking better: more clear, more
accurate, or more defensible (Paul. 1995: 526).

Paul also noted that critical thinking can be defined in a number of different
ways that should not be seen as mutually exclusive. As students get better at critical
thinking, they become clearer, more precise, more relevant, deeper, broader, more
logical, and more fair (Paul. 2005: 5).

Clarke and Biddle (1993: 4) stated that “a student must first develop a
purpose for thinking (critical thinking) and then devise a method for moving toward a
planned outcome. Critical thinking moves “between concrete experience and
abstractions that fit that experience.

Paul, Elder and Bartell (1997: 4) wrote that critical thinking is “the intellectually
disciplined process of actively and skillfully conceptualizing, applying, synthesizing, and
evaluating information gathered from or generated by observation, reflection, reasoning,
or communication, as a guide to belief and action”.

Halpern has defined critical thinking as “thinking that is purposeful, reasoned,
and goal directed (Halpern. 1996: 5)". He also defined that “Critical thinking is the use

of those cognitive skills or strategies that increase the probability of a desirable
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outcome. It is used to describe thinking that is purposeful, reasoned, and goal directed -
the kind of thinking involved in solving problems, formulating inferences, calculating
likelihoods, and making decisions when the thinker is using skills that are thoughtful and
effective for the particular context and type of thinking task (Halpern. 1997: 4)”.

Fisher and Scriven (1997: 21) noted that critical thinking is the skilled and
active interpretation and evaluation of observations and communications, information
and argumentation.

Bailin, Case, Coombs, and Daniels (1999: 285) emphasize the role of
standards and criteria within their definition, referring to critical thinking as “a normative
enterprise which, to a greater or lesser degree, we apply appropriate criteria and
standards to what we or others say, do, or write”. This definition emphasizes
contextually relevant criteria and standards as vital to thinking critically. The quality of
one’s thought cannot be fairly evaluated without such appropriate standards as like
clarity, accuracy, relevance, validity, organization and/or significance; these are
standards that intellectuals regularly, but often intuitively, attempt to meet.

Kraak (2000: 51) saw critical thinking as “an important, perhaps the most
important of all present time educational tasks”.

Fasko (2003b: 8) defined that “Critical thinking is the propensity and skills to
engage in activity and ‘mental activity’ with reflective skepticism focused on deciding
what to believe or do, ‘and that can be justified,”. Additionally, Fasko’s definition points
out that “critical thinkers” do not blindly accept conclusions. Rather, they question when
appropriate and seek the best or most reasonable answer, solution or resolution
adhering to accepted standards of analysis and evaluation. Once again, critical thinking
involves a mindful awareness of thinking in which one engages: his/her own and that of
others.

The Kellogg Center for Adult Learning Research, Montana State University,
has defined critical thinking as part of a learning strategy instrument. Critical thinking is
“a parallel process by which individuals analyze given information in a contextually
specific situation and create new ideas, concepts, or constructs based on their analysis”
(Fulton. 1988: 6). The definition continues with the listing of four strategies the Kellogg
Center believes are necessary for critical thinking (Fulton) which is identified as the
analytical and creative aspects of critical thinking.

1) Recognizing and testing assumptions. These include those that are either

implicit or explicit for the situation. The critical thinker does not impose his/her own
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assumptions but can identify those assumptions that are organizing the information
presented and can then test those assumptions for validity in the specific context of that
situation.

2) Assessing contextual parameters. The critical thinker can evaluate both the
specificity of a situation as well as the universality of the situation. He/she recognizes
both the limits of a certain situation as well as any generalizability always cognizant of
cultural implications.

3) Generating and testing alternatives. Generating and testing alternatives
allows the critical thinker to hypothesize and dream while at the same time grounding
alternatives in the realities of the given situation-cultural and individual.

4) Conditional acceptance. This can also be identified as reflective skepticism
which allows the critical thinker to avoid universal truth and unquestioned answers.
Rather than conceptualizing in black and white, the critical thinker sees the shades of
gray. The critical thinker reasons in conditionals, if....then...statements rather than thou
halt commandments (Fulton. 1988: 6-7).

Some scholars defined critical thinking as a process of making reasoned
judgments. A reasoned judgment is the process by which one attempts to formulate a
conclusion that is based on justifiable criteria which are fair and not subject to one’s
personal bias and prejudice. Paul and Elder closely link reasoned judgments with
intellectual autonomy. They define the latter as:

Having rational control of one’s beliefs, values, and inferences. The ideal of critical
thinking is to learn to think for oneself, to gain command over one’s thought processes. It entails a

commitment to analyzing and evaluating beliefs on the basis of reason and evidence, to question

when it is rational to question, to believe when it is rational to believe, and to conform when it is

rational to conform (Paul & Elder. 2006d: 16).

Beyer (2001: 88) wrote, “One of the most essential aspects of critical thinking
is critical judgment;” where one has the “inclination to evaluate objectively rather than to
accept blindly”. Nosich points out that people constantly make judgments, but all too
often such conclusions are unreasonable. A judgment is reasonable when one’s
thinking “meets high criteria of reasonableness;” when one thinks through a problem,
issue or question adhering to standards of accuracy, clarity, fairness and sufficiency to

name a few (Nosich. 2005a: 13).
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In conclusion, the concept and process of judging according to justified
reasons is a necessary condition of what it means to think critically. It is present
throughout all substantive conceptions of critical thinking, and its related concepts and
processes are well established. For example, scholars connect it to the analysis and
evaluation of arguments, problems, questions and issues according to such criteria as
like fairness and significance, and to such important dispositions as like intellectual
autonomy.

Various theories of critical thinking certainly differ in important points, but they
also reveal common concerns. Johnson noted their resemblances:

a reflective skeptical or questioning attitude, a sensitivity to value- or ideology-laden
assumptions, an insistence on appropriate supporting grounds before accepting disputable claims,

an appreciation of the various criteria applicable to good reasoning and argument (whether general

or subject dependent), skill and judgment in the analysis and evaluation of claims and arguments,
and a disposition to be self-reflective, sensitive to one’s own possible biases or assumptions.

(Johnson. 1996: 46)

Facione was the first to attempt to provide a comprehensive definition of
critical thinking. Through the Delphi method, critical thinking was conceptualized as
follows:

We understand critical thinking to be purposeful, self-regulatory judgment which results in
interpretation, analysis, evaluation, and inference, as well as explanation of the evidential,
conceptual, methodological, criteriological, or contextual considerations upon which that judgment is
based. CT is essential as a tool of inquiry. As such, CT is a liberating force in education and a
powerful resource in one’s personal and civic life. While not synonymous with good thinking, CT is a
pervasive and self rectifying human phenomenon. The ideal critical thinker is habitually inquisitive,
well-informed, trustful of reason, open-minded, flexible, fair-minded in evaluation, honest in facing
personal biases, prudent in making judgments, willing to reconsider, clear about issues, orderly in
complex matters, diligent in seeking relevant information, reasonable in the selection of criteria,
focused in inquiry, and persistent in seeking results which are as precise as the subject and the
circumstances of inquiry permit. Thus, educating good critical thinkers means working toward this
ideal. It combines developing CT skills with nurturing those dispositions which consistently yield

useful insights and which are the basis of a rational and democratic society (Facione. 1990b: 3).

However, the argument that the concept of critical thinking should not be

limited to one definition is well grounded in the discourse.
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Paul has insisted that critical thinking can be defined in a number of different
ways that should not be seen as mutually exclusive. Among his various definitions of
critical thinking are “thinking about your thinking while you’re thinking to make your

thinking better” (Paul. 1993: 91), and,

a unique kind of purposeful thinking in which the thinker systematically and habitually
imposes criteria and intellectual standards upon the thinking, taking charge of the construction of

thinking, guiding the construction of the thinking according to the standards, assessing the
effectiveness of the thinking according to the purpose, the criteria, and the standards. (Paul. 1993:

21)

Furthermore, Paul, Elder et al. (1997: 4) argued that it is unwise to put too
much weight on any one ‘definition’ of critical thinking. He also argues that there is a
problem with the entire notion of attempting to produce one-line definitions of complex
concepts such as critical thinking. Such “definitions” are, for Paul, inevitably incomplete
and limiting. He points out that “it is more desirable to retain a host of definitions and

this for two reasons:
(1) in order to maintain insight into the various dimensions of critical thinking that

alternative definitions highlight, and (2) to help oneself escape the limitations of any given definition”

(Paul et al. 1987: 1-2)

Similarly, William Hare (1998: 40) argues, “We should be wary of succinct
definitions, especially when dealing with a rich and fertile notion... It is tempting, of
course, to try and find one comprehensive formula which captures the essence of
critical thinking, but the chances of success are slim; critical thinking comes into so
many contexts and takes such different forms that it is enormously difficult for any
summary account to do justice to the ramifications of the idea”. Furthermore, not “all
conceptions of critical thinking are equally good or defensible” (Bailin et al. 1999: 286).
This is especially apparent when examining how different theorists attempt to apply their
definition in an educational environment. The essential idea is that every definition has
strengths and weaknesses; every definition highlights certain important aspects of what
it means to think critically, but each also has certain aspects more appropriate for
certain contexts than others. We must be continually reminded of a robust conception of
critical thinking with its pedagogical and social implications, but also be able to work

within more narrow conceptions relevant to specific contexts and problems. Thus, we
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should be able to habitually move between the global picture and the individual details
and back again.

Hare (1998: 40) summarizes his argument stating that “All of these
[definitions] provide some insight into critical thinking; often capturing, in a succinct way,
general ideas which have been in circulation for some time. We can learn from each of
these without feeling we have to decide which one gives us the definition. Critical
reflection might unearth limitations in these very accounts and, at the same time,
illustrate certain aspects of the ideal”.

Finally, from a number of definitions of critical thinking aforementioned, | can
define the definition of critical thinking used in my dissertation:

Critical thinking is an effort to develop reliable, rational evaluations about what is
reasonable for us to believe and disbelieve. Critical thinking makes use of the tools of logic and
science because it values skepticism over gullibility or dogmatism, reason over faith, science of

pseudoscience, and rationality over wishful thinking. Critical thinking does not guarantee that we will

arrive at truth, but it does make it much more likely than any of the alternatives do.

2. Why is Critical Thinking Important?

Critical thinking is applicable to every domain of life to the extent one seeks to
understand his/her actions, beliefs, values and decisions. As critical thinking develops,
the adolescent is able to use strategies for coping with new information and situations.
This result in a greater level of interest in the learning process which leads to increased
confidence in their ability to succeed in school and daily life.

Since scholars commonly acknowledge that critical thinking skills and abilities
are best fostered in an instructional settings and that critical thinking must be
transferred from within the classroom to one’s life outside of the classroom, then critical
thinking instruction must be, at its essence, practical.

Sternberg (1987: 258) noted that, “One must teach for transfer, rather than
merely hoping or even praying that it will occur’. He also noted that any critical thinking
program “must cross disciplines, so that students can see directly the relevance of
these [critical thinking] principles across subject-matter areas. Moreover, Facione (2004:
8) noted that “Critical thinking goes way beyond the classroom”.

Dewey (1938/1997b: 25) argues that educational systems and theories of
education will fail (or continue to fail in his context) unless an “organic connection [is

made] between education and personal experience”. He clarifies the concept of
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personal experience arguing for an approach to education that encourages critical
reflection on one’s experiences, as opposed to an educational or instructional approach
that conceptualizes experiences superficially. The key idea is that critical thinking
involves the analysis and evaluation of one’s experiences as they pertain to
substantively understanding content and oneself.

Moseley and colleagues capture some of the most apparent implications
asserting that “[critical] thinking skills (or at least those skilled in thinking) are needed,
not only in the worlds of work, education and training, but in the contexts of family,
friendship and community and in the construction of personal and shared beliefs and
values.” Furthermore, there is good evidence that organizations are more successful the
more they involve their members in the processes of problem-solving and decision-
making. In the ‘information age’ qualities of independence and flexibility are highly
valued and ‘learning to learn’ has become an important goal. A well-functioning
democracy is not only one in which people feel that their views can be freely expressed
and are adequately represented but one where those views are informed by reliable
information, critical appraisal of ideas, creative thinking and open debate (Moseley.
2005: 9)

According to Nosich, critical thinking is needed at the level of (1) practical
decision making, (2) meaningfulness, and (3) concepts. Nosich grounded these three
abstract levels in practical examples that all people experienced at some time and to
some degree.

At the level of practical decision making, Nosich (2005a: 29) explained that
“critical thinking helps when we are simply trying to deal with ordinary tasks: how to
study more effectively, find a strategy when stuck in an airport, decide what kind of
cloths to buy”. Critical thinking, at this level, is geared toward solving problems and
accomplishing tasks. People can begin to find better solutions to problems and goals
when their thinking is explicit and reflected upon. Furthermore, developing critical
thinking skills helps one see alternatives to choices and actions, discard and reconsider
potentially outdated assumptions, and explore possible positive and negative
implications to a decision or action. Simply stated, critical thinking is practical because it
helps one identify and organize his/her goals so that they are attainable.

At the level of meaningfulness, Nosich (2005a: 26) argues that “critical
thinking frees people, the way nothing else really can, from habits of thinking they are

often ruled by”. Habits of mind often direct the way people construct meaning from their
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world. Mental habits operate on various levels and to varying degrees; for good or for ill.
The critical thinker is one who seeks to understand the way his/her habits of thought
direct his/her thinking and belief systems. One must recognize alternatives in order to
begin his/her journey toward intellectual freedom, a freedom which leaves “people far
more fulfilled.” Critical thinking helps one discover new meaning and usefulness in
his/her ideas and actions.

At the level of concepts, Nosich (2005a: 30) connects the art of thinking
critically with the importance of understanding the concepts people use daily. He
argues, “We think in terms of concepts, and these inevitably shape our life to a
considerable degree”. Concepts can be understood either superficially or deeply. The
extent to which one engages, directs and controls the concepts he or she uses to
interpret and organize questions, issues, problems and content reflects the extent to
which people are active participants in their thinking rather than passive recipients of
beliefs and values imposed upon them by various social and cultural factors. Nosich
(2005a: 30) wrote, “We can reach a deep level of critical thinking by examining our
concepts critically, becoming more aware of the way individual concepts help us or hurt
us, limit us or free us”. Thinking critically about the concepts one uses and that society
uses is an act of liberation where one takes conscious steps toward thinking for himself
or herself.

Scholars within the intellectual tradition of critical thinking discuss its
importance to democracy, both as an ideal and applied.

Brookfield noted that critical thinking is a necessary condition of any
democracy. He believes that identifying and scrutinizing assumptions is an essential

and foundational part of thinking critically. He wrote:

Critical thinking is... important because of its connection to the democratic tradition. At
the heart of a strong, participatory democracy is citizens’ capacity to question the actions,
justifications, and decisions of political leaders, and their capacity to imagine alternatives to current
structures and moralities that are fairer and more compassionate. Such capacities are judged by

some to develop as we learn to think critically. Consequently, encouraging critical thinking is often

seen as integral to the democratic project. (Brookfield. 2005: 49)

Like every higher order skill, quality thinking must be cultivated. Education is
the process that (ideally) provides the environment for higher order thinking skills to

develop. Brookfield (2005: 49) points out that critical thinking is pursued as an important
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educational goal “because learning to think critically can help students deal with
ambiguity and negotiate the bewildering pace of social and technological change”.
Fostering an education system that facilitates the development and application
of critical thinking is the only way to ensure that students will be able to deal ethically
and effectively with such problems in the future, including their own economic survival.
Paul concludes with a call to action, summarizing the need for thinking critically within a

world of accelerating change. He wrote:

We must sooner or later abandon the traditional attempt to teach our fellow citizens what
to think. Such efforts cannot prepare us for the real world we must, in fact, face. We must
concentrate instead on teaching ourselves how to think, thus freeing us to think for ourselves,

critically, fair-mindedly, and deeply. We have no choice, not in the long haul, not in the face of the

irrepressibly logic of accelerating change and increasing complexity. (Paul. 1992: 16)

3. Importance of Critical Thinking in Science Learning

When one uses the methods and principles of scientific thinking in everyday
life--such as when studying history or literature, investigating societies or governments,
seeking solutions to problems of economics or philosophy, or just trying to answer
personal questions about oneself or the meaning of existence--one is said to be
practicing critical thinking. Critical thinking is thinking correctly for oneself that
successfully leads to the most reliable answers to questions and solutions to problems.
In other words, critical thinking gives you reliable knowledge about all aspects of your
life and society, and is not restricted to the formal study of nature. Scientific thinking is
identical in theory and practice, but the term would be used to describe the method that
gives you reliable knowledge about the natural world. Clearly, scientific and critical
thinking are the same thing, but where one (scientific thinking) is always practiced by
scientists, the other (critical thinking) is sometimes used by humans and sometimes not.
Scientific and critical thinking was not discovered and developed by scientists (that
honor must go to ancient Hellenistic philosophers, such as Aristotle, who also are
sometimes considered the first scientists), but scientists were the ones to bring the
practice of critical thinking to the attention and use of modern society (in the 17th and
18th centuries), and they are the most explicit, rigorous, and successful practitioners of
critical thinking today. Some professionals in the humanities, social sciences,
jurisprudence, business, and journalism practice critical thinking as well as any scientist,

but many, alas, do not. Scientists must practice critical thinking to be successful, but the
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qualifications for success in other professions do not necessarily require the use of
critical thinking, a fact that is the source of much confusion, discord, and unhappiness in
our society.

Science education has the potential for improving the critical thinking ability of
students because of the nature of science. Science has always relied on creative and
critical thinkers to make discoveries (pure science) and to make practical use of new
knowledge (applied science). Unfortunately, science educators frequently lose sight of
the creative and critical thinking aspects of science by providing student learning
experiences requiring little, if any, thinking. Teachers talk, and students listen. As
Sternberg and Martin point out, science instruction remains mostly recall. Memorization
of science facts and concepts is the most common activity of science students. The
school science laboratory, lauded as the place for hands-on science, is often criticized
for “cook book” labs, or as some lament, hands on - minds off activities. Despite the
difficulties in teaching towards thinking previously mentioned by Sternberg and Martin,
science education offers a great opportunity for increasing critical thinking ability.
Although the literature does not present clear evidence that teaching for thinking
increases critical thinking ability, no one has argued against it.

Steven Schafersman, a professor of science at Miami University, links general
critical thinking skills with what it means to think critically within the domain of science.

He writes:

Critical thinking is thinking correctly for oneself that successfully leads to the most reliable
answers to questions and solutions to problems. In other words, critical thinking gives you reliable
knowledge about all aspects of your life and society, and is not restricted to the formal study of

nature. Scientific thinking is identical in theory and practice, but the term would be used to describe

the method that gives you reliable knowledge about the natural world (Schafersman. 1997: 1).

Schafersman (1991: 3) noted that critical thinking can be described as the
scientific method applied by ordinary people to the ordinary world. This is true because
critical thinking mimics the well-known method of scientific investigation: a question is
identified, a hypothesis formulated, relevant data sought and gathered, the hypothesis
logically tested and evaluated, and reliable conclusions drawn from the result. All of the
skills of scientific investigation are matched by critical thinking, which is therefore
nothing more than scientific method used in everyday life rather than in specifically

scientific disciplines or endeavors. Critical thinking is scientific thinking. Many books and
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papers describing critical thinking present its goals and methods as identical or similar
to the goals and methods of science. A scientifically-literate person, such as a math or
science instructor, has learned to think critically to achieve that level of scientific
awareness. But any individual with an advanced degree in any university discipline has
almost certainly learned the techniques of critical thinking.

Schafersman makes an important conceptual link between critical thinking and
scientific thinking. He recognizes that high quality scientific thinking does not exist
without critical thinking. In fact, scientific thinking is critical thought within a specific
context. In this sense, critical thinking is not something that should be merely added to
science curriculum, but it constitutes the basis of what it means to think within the
domain. Science educators are thus challenged to explicate what it means to think like
a scientist, which, by implication, requires that they explicate some of the fundamental
tenets of critical thinking; principles, concepts and dispositions that apply within and
across all domains.

For example, some of the most fundamental general principles implicit within
scientific thinking include:

1. Incorporating of intellectual standards of judgment.

2. Highlighting foundational critical thinking concepts like purposes, questions,
hypotheses, problems, concepts (model and contrary), reasons/causation, inferences,
consequences, and types of methods for gathering information/data.

3. Emphasizing important dispositions necessary for fair-minded scientific
thinking: open-mindedness, intellectual curiosity, intellectual patience, intellectual
humility, and confidence in reason.

Willingham points out two general characteristics necessary to scientific
thinking. The first is the acquisition of scientific concepts. The very idea of a concept
exists in all human thought and the disciplined use and interpretation of concepts is
necessary for high quality thinking within any domain. For example, students
substantively acquire scientific concepts when they replace “naive conceptions of
motion and replace them with an understanding of physics” (Wilingham. 2007: 14).
Motion is a concept that can be naively or substantively understood. Building insights
from the field of physics into student thinking helps them critically engage the concept of
motion so that it can be appropriately interpreted and applied across various contexts.

The second characteristic of scientific thinking is understanding and practice in

“the mental procedures by which science is conducted: developing a model, deriving a
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hypothesis from the model, designing an experiment to test the hypothesis, gathering
data from the experiment, interpreting the data in light of the model, and so forth.” Since
“‘most researchers believe that scientific thinking is really a subset of reasoning that is
not different in kind from other types of reasoning,” then that which makes thinking
scientific is a metacognitive awareness knowing when to engage scientific concepts and
methods (Willingham. 2007: 14). Willingham’s description of scientific thinking moves
between generalized and specialized conceptions of critical thinking, thus exemplifying
the necessary unity between the two. From a critical thinking standpoint it is necessary
for instructors to design courses so that students continually move between
metacognitive awareness of broad critical thinking concepts and skills and their
application within specific disciplinary contexts. Take, for example, the general skill of
identifying and assessing one’s assumptions, point of view, and background logic
concerning the origin of one’s beliefs.

This general model for critical thinking emphasizes the same process-oriented

approach of the scientific method (Zerba. 2001: online):

FOCUS or
OBSERVATION

New FOCUS or
OBSERVATION

QUESTION or HYPOTHESIS

DECISION or DESCRIPTION

of “BEST” SOLUTION CONTENT VALUE

use public and self knowledge

ANALYSIS and
DELIBERATION

weigh relative merits of content

and value components

FIGURE 2 CRITICAL THINKING CYCLIC MODEL
Source: file:///F:/Critical%20Thinking/CT/Critical%20Thinking%20Model.htm
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Focus or Observation:
- Begins each cycle of the model, where one engages in a particular
subject matter
Question or hypothesis:
- Idea about how a system works
Content and Value:
- Data generating stages and where the value and context is described.
The relative amounts of these two components will vary depending on the
question or hypothesis.
Analysis and Deliberation component:
- Action component of the model
- Weigh relative merits of both content and value components of the
question.
- Both the data of the content and the value nature of the question must
be scrutinized, using the most rigorous and critical procedures available.
- Evaluate whether the data are valid, use data to make generalizations
Decision or Description of the solution:
- Choice of “best “answer to the problem
- This decision should only be perceived as final for this cycle of the
model. The question should be returned to when new information is available.
New Focus or Observation:
- Any description or decision should lead to a new observation or focus
and the model would once again be placed in motion. This makes the model cyclic
and, in reality, as long as there is new content, the model is returned to and gone

through again and again.

High quality scientific thinking requires explicit command of general critical
thinking principles and concepts, and the various modes by which these principles and
concepts are communicated. “It presupposes assent to rigorous standards of excellence
and mindful command of their use. It entails effective communication and problem
solving abilities as well as a commitment to developing scientific skills, abilities, and

dispositions” (Paul & Elder. 2003: 2). Scientific thinking is consciously systematic,
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whereby one seeks to improve the quality of one’s thinking through skillful analysis and
evaluation of specific problems, issues and questions.

Teachers who take scientific thinking seriously do not restrict instruction to
limited isolated contexts and skills, but make explicit connections between content and
science as a mode of critical thought. Approaches to instruction that do not make such
important connections fall victim to the same problems of intellectual fragmentation and
compartmentalization that characterize non-substantive approaches to critical thinking
instruction. “Just giving students narrow, well-defined, quantitative ‘problems’ to solve in
science classes is not enough; nor is adding on instruction in which students
occasionally are asked to develop and test hypotheses in the name of the scientific
method. Rather, educators must teach the full range of types of skillful thinking needed
to engage in this enterprise. The best way to do this is by infusing such instruction into
standard content teaching in science” (Swartz & Fischer. 2001: 305). This is the
essence of the problem-based learner, a curricular configuration that is based on

gaining substantive knowledge and skills.

4. Critical Thinking Assessment

Several researchers have outlined some important elements that need to be
considered in the assessment of critical thinking. Follman (1987: 135) outlined several
important concerns that need to be addressed with regard to critical thinking research:

1. consensus on the definition of critical thinking/thinking

2. analyses of the psychometric soundness and factor structure of the “new
wave” tests of critical thinking;

3. relation of the definition of critical thinking/thinking to the factor structure of
the critical thinking tests; and

4. meta-analysis and synthesis of the effect sizes of the critical thinking
instruction methods... to identify which instruction methods, if any, actually have been
effective in the past.

Norris and Ennis (1989: 175) outlined the following issues to consider when
evaluating critical thinking:

1. have in mind a clearly specified and well justified notion of critical thinking;

2. understand what contributes to quality information on students’ critical

thinking;
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3. be careful not to accept the technical notions of reliability and validity as
indicators of quality;

4. know how to choose from among commercial critical thinking tests those
that most suit your purpose;

5. know how to devise tests and other indicators of critical thinking that avoid
common pitfalls;

6. use quality information on students’ critical thinking that suits the purpose
and is in accord with standards of experimental research, in particular, or critical
thought, in general.

It shall become evident that critical thinking tests are not the same, that some
are more appropriate for specific applications than others. To help choose an
appropriate test for a specific purpose, Norris and Ennis (1989: 56) have formulated a
seven-step guideline for examining critical thinking tests.

1. Pay close attention to the directions, the items, and the scoring guide.

2. Take the test yourself, and compare your answers with those of the guide.

3. Satisfy yourself that the scoring guide is reasonable, but do not expect to
agree with it completely for any but deduction items.

4. Ask yourself often, “Does this really test for some aspect of critical
thinking?”

5. For purported comprehensive critical thinking tests, ask yourself, “Does this
cover enough of critical thinking in a balanced manner to be called a comprehensive
critical thinking test?”

6. For purported aspect-specific critical thinking tests, ask yourself, “Does this
cover enough of the aspect?”

7. Read the test manual and note the statistical information, but remember the
test publishers have a conflict of interest in deciding what information to include and

exclude.

Although it is possible to develop one’s own critical thinking test, it would likely
be inferior to the commercially available tests, many of which have undergone years of
refinement. Certainly when conducting research requiring measurement of critical
thinking, the use of a widely applied and accepted commercial assessment would give
the results far more credibility. There are six tests that are the major tests of critical

thinking in use.
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1) The Watson-Glaser Critical Thinking Appraisal

The oldest and most influential of the critical thinking tests is the Watson-
Glaser Critical Thinking Appraisal (WGCTA). This is a multiple-choice test first
developed in the 1930s by Goodwin Watson and Edward M. Glaser. The WGCTA was
originally developed as a measure of the dependent variable in a major experiment
designed to examine the effects of instructing high school students in critical thinking.
The WGCTA is norm on students from the ninth grade through seniors in college and is
written at the ninth grade level. The most widely used version of the WGCTA consists
of two parallel forms, A and B, and each is purported to test for the same aspects of
critical thinking. Each form consists of five subtests;

1) Inference

2) Recognition of assumptions

3) Deduction

4) Interpretation

5) Evaluation of arguments.

Each of these contains 16 items for a total of 80 items per test form. Test
items in the newer form have been modified in the interest of clarity, current usage, and
the elimination of racial or sexual stereotypes. The subtests include problems,
statements or arguments, and interpretations similar to those encountered at work, in
the classroom, and newspapers and magazine articles on a daily basis. In 1994 a new
version of the WGCTA, designated Form S, was published. The purpose of form S is to
provide the same information on critical thinking ability in a shorter time.

Helmstadter (1985: 1693) described the WGCTA as a “good solid measure of
adequate - but not outstanding - reliability”. Whoehlke (1985: 685) criticized the
available norms, but recommended the Watson-Glaser as the “best available instrument

for measuring critical thinking”.

2) Cornell Critical Thinking Tests
There are two Cornell Critical Thinking Tests (CCTT), Level X and Level Z
and each is designed to test different educational levels and they do not cover exactly
the same aspects of critical thinking. These are multiple choice tests that purport to

measure “general” critical thinking ability. Level X is the easier of the two and is
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intended primarily for junior and senior high school students and first year college
students. Level Z is designed for advanced and gifted high school students, college
students, and adults.

Level X was designed to test interdependent aspects of thinking involving
induction, deduction, judging observations, judging credibility, and identifying
assumptions. Level X consists of 71 multiple-choice items divided into the four sections
listed above. Level Z is a 52 item multiple choice paper and pencil test. The items are
arranged in sections with each item offering three possible answers. The questions are
presented in seven sections; 1) deduction, 2) meaning, 3) credibility, 4) inductive
inference (direction of support), 5) inductive inference (prediction and hypothesis
testing), 6) definition and unstated reasons, and 7) assumption identification.

Both tests X and Z share the same manual and the same philosophy about
areas of proficiency of a critical thinker. The manual of the CCTT characterizes a critical
thinker as having proficiency in judging whether:

1. a statement follows the premises

. something is an assumption
. an observation statement is reliable
. an alleged authority is reliable

. a simple generalization is warranted

2

3

4

5

6. an hypothesis is warranted
7. a theory is warranted

8. an argument depends on an ambiguity

9. a statement is overly vague or overly specific

10. a reason is relevant (Norris & Ennis. 1989:62)

3) California Critical Thinking Skills Test
The most recent critical thinking test is the California Critical Thinking
Skills Test (CCTST). The CCTST consists of Form A, developed in 1990, and form B,
developed in 1992. Both forms are said to be statistically equivalent. The CCTST is the
result of conceptualization of critical thinking which emerged from the two year Delphi
research project sponsored by the American Philosophical Association. This test is an
objectively scored standardized instrument which addresses the cognitive skills

dimension of critical thinking and is aimed at college level subjects.
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The previous three tests, the WGCTA, the CCTT, and the CCTST are the
major tests of CT in use. Although they are the most important in terms of frequency of
use, there are several others not as well known. For comparison purposes, it is

worthwhile to examine some examples.

4) Ross Test of Higher Cognitive Processes
The Ross test assesses the subject’s ability to analyze, synthesize, and

evaluate, identical to the higher levels in Bloom’s Taxonomy of Educational Objectives.
This test was designed by John D. Ross and Catherine M. Ross, introduced in 1976,
and published by Academic Therapy Publications of Novato, California. It is aimed at
students in grades four through six and consists of 105 multiple-choice questions. The
Ross test includes the following eight sections and is designed to be completed in two
hours.

1. Analogies
. Deductive Reasoning
. Missing Premises
. Abstract Relations
. Sequential Synthesis
. Questioning Strategies
. Analysis or Relevance and Irrelevant Information

. Analysis of Attributes (Norris & Ennis. 1989: 69)

o N o o0 b~ W DN

5) New Jersey Test of Reasoning Skills
This test was devised by Virginia Shipman in 1983 at the Institute for the
Advancement of Philosophy for Children, Montclair State College and is aimed at
grades 4 through college. It is a lesser known test designed specifically for the
Philosophy of Children program. It is not called a critical thinking test, but is designed to

test reasoning in language.

6) Ennis-Weir Critical Thinking Essay Test
The Ennis-Weir Critical Thinking Essay Test (EWCTET) differs from other

CT tests in its format. As the name implies, the Ennis-Weir test is an essay test. It is
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the only CT essay test and is also unique in that it tests for some critical thinking
dispositions. It is designed for high school and college students.

A summary of the six critical thinking tests is provided in Table 1

TABLE 1 COMPARISON OF SIX COMMONLY USED CRITICAL THINKING TEST

Instrument Primary Audience Format Subheadings Reliability
WGCTA High school and Forms A, B Inference .70 - .82
college students Multiple choice Recognition of

80 items — 40 min.  assumptions
Form S — 30 min Interpretation

Evaluation of

arguments
CCTT Grades 7-12 & Level X & Z Induction Level X
first year Multiple choice Deduction .67 - .90
college Level X — 71 items Value judgment
Level Z — 52 items Observation Level Z
50 minutes Credibility 50 -.77
Assumptions
CCTST College aged Forms A & B Analysis .68 - .69
Individuals Multiple choice Evaluation
34 items Inference
45 minutes Inductive

Deductive
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TABLE 1 (continued)

Instrument Primary Audience Format Subheadings Reliability
EWCTET High school and Essay Getting the point .86 - .82
college students Timed-40 min Seeing the reasons

and assumption
Stating one’s point
Offering good reasons
Seeing other possibilities
Equivocation
Irrelevance
Circularity
Reversal of conditional
relationships
Straw person fallacy
Overgeneralization
Excessive skepticism
Credibility problems
Use of emotive language

to persuade

RTHCP Grades 4-6 Multiple choice Analogies .92 - .94
105 items Deductive reasoning
Two settings Missing premises
one hour each Abstract relations

Sequential synthesis

Questioning strategies

Analysis of relevant and
irrelevant information

Analysis of attributes
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TABLE 1 (continued)

Instrument Primary Audience Format Subheadings Reliability
NJTRS Grade 5 and up Multiple choice Seeking criteria for .85-.91
50 items cognitive inquiry

Ordering and sorting

Discerning relationships
Inferring

Skills of reasonable

discussion

Note. WGCTA = Watson-Glaser Critical Thinking Appraisal; EWCTET = Ennis-Weir

Critical Thinking Essay Test; CCTST = California Critical Thinking Skills Test; CCTT
= Cornell Critical Thinking Test; RTHCP = Ross Test of Higher Cognitive Processes;
NJTRS = New Jersey Test of Reasoning Skills.

Cornell Critical Thinking Test (CCTT): Level X
Testing Purposes
1. To use with grade 4 through adult
2. To assess an individual's or group's critical thinking and reasoning skills
(induction, deduction, observation, credibility, identification of assumptions, meaning,
and dispositions)
3. To evaluate and compare critical thinking skills development
4. To predict performance on state proficiency exams, or for honors/AP
programs and critical thinking courses
5. To evaluate and showcase critical thinking ability for college

admissions, careers, and employment
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5. Enhancing Critical Thinking Skills

Just as there are similarities among the definitions of critical thinking across
subject areas and levels, there are several generally recognized "hallmarks" of teaching
for critical thinking. These include:

1. Promoting interaction among students as they learn--Learning in a group
setting often helps each member achieve more.

2. Asking open-ended questions that do not assume the "one right answer" —
Critical thinking is often exemplified best when the problems are inherently ill-defined
and do not have a "right" answer. Open-ended questions also encourage students to
think and respond creatively, without fear of giving the "wrong" answer.

3. Allowing sufficient time for students to reflect on the questions asked or
problems posed--Critical thinking seldom involves snap judgments; therefore, posing
questions and allowing adequate time before soliciting responses helps students
understand that they are expected to deliberate and to ponder, and that the immediate
response is not always the best response.

4. Teaching for transfer - The skills for critical thinking should "travel well."
They generally will do so only if teachers provide opportunities for students to see how
a newly acquired skill can apply to other situations and to the student's own experience
(Potts & Bonnie. 1994: 2).

Jones described 12 instructional strategies that foster critical thinking in adult
learning. These strategies include critical analysis, debate teams, dramatization, action
maze, critical incident, scenario building, Socratic Questioning, creative visualization,
listening teams, journal writing, thought provoking quotations/cartoons, and inventing.
These strategies were defined as follows:

1. Critical Analysis: Individuals or small groups critique items related to the
topic being discussed.

2. Debate Team: Group members are assigned to two teams—one team is in
support of a major issue and one is opposed. Each team member presents evidence
and reasons to support their stand.

3. Dramatization: Uses dialogue and action to interpret and analyze
situations. It differs from role play in that it usually involves a longer period of time and
a fully developed plot. The scene can be acted out be members of the group or

television show or videos can be used.
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4. Action Maze: Learners are divided into groups of three. Each group is
given a situation or they can determine their own based on the topic. Each person
comes up with at least four alternatives. For each alternative they need to list the
consequences if that alternative is chosen. When completed the problems and
alternatives should be exchanged with other teams. The other teams read the situation,
choose one alternative and then are given the consequences. This exercise should
foster decision-making skills.

5. Critical Incident: Present the most dramatic or important part of a situation.
The participants must then solve the conflict or problem. The facilitator has all the data
about the total situation but they share it only in response to direct questions.

6. Scenario Building: Learners develop writing detailed and concrete
description of a desired state of being. They are provided with questions to address as
they build their scenario.

7. Socratic Questioning: The use of the “right” question. Emphasis must be
on “right” because some questions tend to bring closure to learners’ thinking such as
those that just require a yes or no answer or those that simply ask learners to repeat
information they have received. These questions only ask for recall, not processing of
information. On the other hand, questions can facilitate the exchange of ideas and
viewpoints, give new meaning to content, explore application of problems or give
implications for real life situations.

8. Creative Visualization: Participants are asked to think ahead to a situation
they might find themselves part of in the future. The facilitator helps them create an
image, in their minds, of what it will be like. With their eyes closed and body relaxed,
the facilitator sets the stage for them by asking questions that will help them to visually
picture the situation and experience the accompanying emotions.

9. Listening Teams: Prior to a lecture or a panel divide the audience into
several listening teams, give each team a specific listening task to be responsible for, at
the conclusion of the presentation have each team ask questions or give reactions
related to the area they were responsible for tracking.

10. Journal Writing: Learners are asked to keep a journal in between class
meetings to help reflect on action/behavior that is related to the program topic.

11. Thought Provoking Quotations/Cartoons: Use cartoons and quotations

to encourage thinking and questioning. They can be placed around the meeting room
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for people to read during breaks or can be included in a newsletter. Discussion starters
in the form of questions can add to the effectiveness of quotes and cartoon usage.
12. Inventing: Give adults the assignment of inventing a new item. They can

work individually or in small groups to develop the idea (Jones. 1989: 59)

Jones’ strategies may be utilized to put the following 12 principles into action:

1. To foster critical thinking, a learning environment must provide the
opportunity for adults to consider the strengths and weaknesses of opposing point of
view.

2. Opportunities to reflect on discuss and evaluate one’s beliefs and
actions facilitate critical thinking.

3. Evaluation a wide range of alternatives when making decisions fosters
critical thinking.

4. To foster critical thinking, the learning environment must encourage
adults to raise ethical questions about consequences of actions and decisions of
themselves and others.

5. To promote critical thinking, the atmosphere of the learning environment
should be one of collaborative inquiry by the adult learner and the adult educator.

6. The learning environment, to facilitate critical thinking, must reflect
probing questions by the adult educator and the adult learner.

7. Critical thinking is facilitated when adult learners engage in exploratory
dialogue with themselves of others, proposing ideas and translating subject matter
insights and evidence into reflective thought.

8. Critical thinking is enhanced when adult learners are given the
opportunity to identify, examine and question assumptions.

9. Opportunities to reach and then discuss inferences or conclusions
based on observation and information promote critical thinking.

10. Discussing contradictions in thoughts, words and actions facilitates
critical thinking.

11. Critical thinking is fostered when learners identify implications of
actions.

12. A learning environment in which generalizations are challenged

facilitates critical thinking (Jones. 1989: 57).
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Critical thinking requires rigorous intellectual work. It is not easy and nor
should it be. Scheffler (1973: 144) wrote “To be reasonable is a difficult achievement.
The habit of reasonableness is not an airy abstract entity that can be skimmed off the
concrete body of thought and practice”. Furthermore, “Educational skill is not instinctive
but rather the product of training and experience, leading to a mastery of [intellectual]

rules” (Scheffler. 1973: 145).

Dewey (1938/1997b: 90) noted that “there is no discipline in the world so
severe as the discipline of experience subjected to the tests of intelligent development
and direction”. Intellectual work is practical; it is grounded in experience and, thus,
applicable to every facet of life to the extent it is reflected upon. Unfortunately, it can be
argued that students, and often instructors, lack a substantive intellectual work ethic.

Paul and Elder (2006a: xx) emphasize the importance of intellectual work as a
necessary condition to improving the quality of one’s thought. “To make significant gains
in the quality of your thinking, you will have to engage in a kind of work that most
humans find unpleasant, if not painful: intellectual work”. Paul and Elder noted that poor
motivation is one of the most significant obstacles to developing as a thinker.

In order to foster the development of important critical thinking skills and
abilities, the educational environment must deeply value critical thinking. In this sense, a
community is established where every task in which students engage promotes deep
learning.

Critical thinking in the classroom is facilitated by a physical and intellectual
environment that encourages a spirit of discovery. Regarding the physical layout of the
classroom, two suggestions can be offered.

1. If seating is arranged so that students share the "stage" with the teacher
and all can see and interact with each other, this helps to minimize the passive,
receptive mode many students adopt when all are facing the teacher.

2. Visual aids in the classroom can encourage ongoing attention to critical
thought processes, e.g., posting signs that say, "Why do | think that?" "Is it fact or
opinion?" "How are these two things alike?" "What would happen if...?" Suggestions
above each question can remind students how they should go about answering them.
Most importantly, as the students move through the curriculum in a given subject, their
attention can be directed periodically to the signs as appropriate. In this way, the signs

emphasize the idea of transfer by showing that many of the same thinking strategies
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and skills apply to different topics and problems (Keefe & Walberg. 1992, as cited in
Potts & Bonnie. 1994: 4)

Critical thinking can be taught during:

1. Lectures: You may of course directly teach critical thinking principles to
your students during lecture, but this is neither required nor advisable. Stay with your
subject matter, but presenting this is such a way that students will be encouraged to
think critically about it. This is accomplished during lecture by questioning the students
in ways that require that they not only understand the material, but can analyze and
apply it to new situations.

2. Laboratories: Students inevitably practice critical thinking during
laboratories in science class, because they are learning the scientific method.

3. Homework: Both traditional reading homework and special written problem
sets or questions can be used to enhance critical thinking. Homework presents many
opportunities to encourage critical thinking.

4. Quantitative: Exercises mathematical exercises and quantitative word
problems teach problem solving skills that can be used in everyday life. This obviously
enhances critical thinking.

5. Term Papers: The best way to teach critical thinking is to require that
students write. Writing forces students to organize their thoughts, contemplate their
topic, evaluate their data in a logical fashion, and present their conclusions in a
persuasive manner. Good writing is the epitome of good critical thinking.

6. Exams Exam: questions can be devised which promote critical thinking
rather than rote memorization. This is true for both essay question exams and multiple-

choice exams (Schafersman. 1991: Online).

Researcher researched literature about models for enhancing critical thinking
skills. Many theorists have presented the models of critical thinking most of which have
4 or 5 steps. Some steps are similar whereas others are different.

Stephen Brookfield (Brewer. n.d.: 8-9 citing Brookfield, 1987) identifies four
major components of critical thinking in his educational philosophy.
Step 1: Identifying and challenging assumptions. This is a central element of

Brookfield’'s critical thinking, the need to identify any underlying beliefs, values, or
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actions that we take for granted. Identification allows us to examine assumptions with
an analytical eye.

Step 2: Challenging the importance of context. Unexamined assumptions may
shape our worldview, and context needs to be examined in order to identify their
appropriateness.

Step 3: Critical thinkers try to imagine and explore alternatives. Common
assumptions should be explored for contextual problems and ideas outside the norm.

Step 4: Exploring alternatives leads to reflective skepticism. This exploration
calls for immediate suspicion of any idea that is habitual or exists in the present social

structure of society.

The critical thinking model of Norris & Ennis (Norris & Ennis. 1989: 6) provides a
further breakdown of the reason assessment skills and disposition components of
critical thinking.

Step 1: Elementary Clarification

- Focusing on a question

- Analyzing arguments

- Asking/answering questions that clarify & challenge
Step 2: Basic Support

- Judging the credibility of a source

- Making & judging observations
Step 3: Inference

- Making & judging deductions

- Making & judging inductions

- Making & judging value judgments
Step 4: Advanced Clarification

- Defining terms & judging definitions

- |dentifying assumptions
Step 5: Strategies & Tactics

- Deciding on an action

- Interacting with others
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In Henri's model, the transcripts are analyzed according to five broad
dimensions; these are participative, interactive, social, cognitive, and metacognitive. The
cognitive and metacognitive dimensions address the skills related to critical thinking.

Step 1: Elementary Clarification

- Identifying relevant elements

- Reformulating the problem

- Asking relevant question
Step 2: In-depth clarification

- Defining the terms

- ldentifying assumptions, establishing referential criteria
Step 3: Inference

- Drawing conclusions, making generalizations, formulating propositions.
Step 4: Judgment

- Judging the relevance of solutions, making value judgments, judging

inferences.
Step 5: Application of strategies
- Deciding on the action to be taken proposing one or more solutions

interacting with those concerned.

The critical thinking model of Garrison et al. (2001: 15-16) is a comprehensive
model that includes creativity, problem solving, intuition and insight. From this model a
parsimonious model of practical inquiry was constructed that was deemed of particular

value in studying the formal educational context.

Step 1: Triggering Events
- Recognizing the problem
- Sense of puzzlement
Step 2: Exploration
- Divergence within online community
- Divergence within single message
- Information exchange
- Suggestions for consideration
- Brainstorming

- Leaps to conclusions
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Step 3: Integration

- Convergence among group members

- Convergence within a single message

- Connecting ideas, synthesis

- Creating solutions
Step 4: Resolution

- Vicarious application to real world

- Testing solutions

- Defending solutions
The Hara et al. model with five categories was harder to code compared to the

Garrison et al. model with four categories. The coefficient of agreement was lower and
the number of uncategorized sentences was higher.

Step 1: Elementary Clarification

- Identifying relevant elements

- Reformulating the problem

- Asking a relevant question

- Identifying previously stated hypotheses

- Simply describing the subject matter
Step 2: In-depth clarification

- Defining the terms

- Identifying assumptions

- Establishing referential criteria

- Seeking out specialized information

- Summarizing
Step 3: Inferencing

- Drawing conclusions

- Making generalizations

- Formulating a proposition which proceeds from previous statements
Step 4: Judgment

- Judging the relevance of solutions

- Making value judgments

- Judging inferences

- "l agree, disagree,,,,"
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- Making decisions, statements, appreciations, evaluations and criticisms

- Sizing up

The table below shows a summary of various models available in the literature,

showing similarities and differences in approaches to defining the construct of critical

thinking.

TABLE 2 SUMMARY OF CRITICAL THINKING MODELS

Authors Steps Proposed
Step 1 Step 2 Step 3 Step 4 Step 5

Brookfield Identifying Challenging | imagine and | reflective -
(1987) and the explore skepticism

challenging | importance alternatives

assumptions | of context
Norris & Ennis Elementary Basic support | Inference Advanced Strategies
(1989) clarification clarification and tactics
Henri (1992) Elementary In-depth Inference Judgment Strategies
Clulow & clarification clarification
Brace Govan
(2001)
Garrison, Triggering Exploration Provisional Resolution -
Anderson & events
Archer (2001)
Hara et al. Elementary | In-depth Inferencing | Judgment Application
(1998) Clarification | clarification of strategies

Based on the table of summary of critical thinking models, Researcher devised

a critical thinking model [2(CPA) Model] that enhances critical thinking skills in the

current research.
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Model of Enhancing CT Skills
2(CPA) Model

Challenging

Collecting

Processing

Presenting

Applying

Assessing

FIGURE 3 MODEL OF ENHANCING CRITICAL THINKING SKILLS [2(CPA) MODEL]
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Step 1: Clarification & Challenge

Here an issue, dilemma, or problem that emerges from experience is identified
or recognized. This includes sharing basic information, asking informational questions,
rewording a problem statement, and pointing out connections. The teacher will explicitly

communicate learning challenges or tasks that become stimuli.

Step 2: Data collection

The purpose of data collection is to obtain information to keep on record, to
make decisions about important issues, to pass information on to others. Primarily, data
are collected to provide information regarding a specific topic.

The most important issue related to data collection is selecting the most
appropriate information or evidence to answer your questions. To plan data collection,
you must think about the questions to be answered and the information sources
available. Also, you must begin to think ahead about how the information could be

organized, analyzed, interpreted and then reported to various audiences.

Step 3: Judging & Processing Information

Operations performed on a given set of data to extract the required information
in an appropriate form such as diagrams, reports, or tables. Students will gather the
ideas and determine conclusions. This process also includes identifying the strain of the
information, knowledge and ideas to distinguish the difference of opinion, interpret and

explain the problem, and identify the gap between the knowledge and information.

Step 4: Inference

The process by which a conclusion is inferred from multiple observations is
called inductive reasoning. The conclusion may be correct or incorrect, or correct to a
certain degree of accuracy, or correct in certain situations. Conclusions inferred from
multiple observations may be tested by additional observations.

Students in each group share comments, exchange views with the rules,
comment the facts or opinions and seek the best solution that may be consensus or

controversy between them.
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Step 5: Applying Knowledge
This phase is a process of knowledge creation and application by using the
tactics and strategies, applying the solution, the actual and expected conclusion, and

creating new knowledge or ideas for the multiple choice answers

Step 6: Assessment

Assessment is the process of gathering, analyzing, interpreting and using
information about students' progress and achievement to improve teaching and learning.
Assessment is an ongoing process aimed at understanding and improving student
learning. It involves making our expectations explicit and public, setting appropriate
criteria and high standards for learning quality, systematically gathering, analyzing, and
interpreting evidence to determine how well performance matches those expectations
and standards, and using the resulting information to document, explain, and improve

performance.

6. Definitions of Interdisciplinary Approach

Interdisciplinary is defined as a concept view and curriculum approach that
deliberately applies a variety of methodologies and languages from an array of
discipline fields to examine a theme, problem, issue, experience, or topic. An
interdisciplinary approach integrates thinking and learning skills and unifies content and
process. Students get a range of stimulating and motivating curriculum experiences that
engage them in thoughtful confrontation with subject matter while fostering abstract
thinking.

Traditionally, disciplines have been viewed as discrete and autonomous.
However, this traditional notion of academic disciplines fails to reflect the changing
context of higher education (Devlin. 2008: 10). As Squires noted, disciplines are not
historically fixed; they evolve and change over time. They are culturally and historically
situated. Interdisciplinarity recognizes the subtleties of the nature of academic
disciplines. There are a number of possible forms that interdisciplinarity might take, but
there are points of common agreement.

Interdisciplinary refers to research or study that integrates concepts from

different disciplines resulting in a synthesised or co-ordinated coherent whole.
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Interdisciplinary is to create a theme to take content from any subject connected with
that theme which is sometimes called thematic interdisciplinary studies.
Determination of a theme has the following principles (UNESCO-UNEP. 1994: 51):

1. The theme is that students are interested and have the opportunity to
choose for studying.

2. The theme has a relationship between any subject or any group
experience.

3. Itis the student's previous experience that is consistent with real life
and meaningful to students.

4. It has a source of knowledge for learners to study variously and links
relation between local and international knowledge.

5. It is appropriate to the skill levels of learners and promotes students'
development all-round. It naming-to-date and to encourage students'
curiosity to learn.

The interdisciplinary approach has been defined by Executive Director of the
Association for Integrated Studies William H. Newell and William Green as “inquiries
which critically draw upon two or more disciplines and which lead to an integration of
disciplinary insights” (Haynes, 2002: 17). The interdisciplinary approach is uniquely
different from a multidisciplinary approach, which is the teaching of topics from more
than one discipline in parallel to the other, nor is it a cross-disciplinary approach, where
one discipline is crossed with the subject matter of another. Interdisciplinary techniques
go beyond these two techniques by allowing students to see different perspectives,
work in groups, and make the synthesizing of disciplines the ultimate goal. Many
interdisciplinary scholars debate whether the specific interdisciplinary technique of
“team-teaching” is the best approach for student progress in the classroom.

The Consortium of NAEA document provides guidelines for Interdisciplinary
pedagogy that include:

1) Student centered teaching,

2) Maintaining the integrity of each discipline; increasing depth of

understanding and student achievement,

3) Alignment with established learning standards,

4) Providing a balance among the disciplines being studied; incorporates

multiple intelligences and learning modalities,

5) Setting clear expectations for student work,
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6) Encouraging formative and summative assessment,

7) Developing higher order thinking skills and problem solving,

8) Involving community resources in and out of school.

9) Respecting and encouraging multiple solutions to problems,

10) Acknowledging and being sensitive to the diversity of learners and society
(NAEA. 2002: 4).

University of New Hampshire (2004: 1) stated the following:

Interdisciplinary Extension work integrates the knowledge and perspectives of
multiple areas of expertise to holistically solve problems through research and
education.

Falcioni (2004: online) attempted to distinguish interdisciplinary from

interdiffusion:

According to the tenth edition of Merriam Webster's Collegiate Dictionary, the word
interdisciplinary is defined as the involvement of two or more academic, scientific, or artistic
disciplines. But those who are edgy about leaving their comfort zone often confuse the term to mean
interdiffusion, or as Webster put it, the process of mixing freely so as to approach a homogeneous

mixture. Interdisciplinary celebrates the whole without jeopardizing its parts.

In an attempt to disentangle similar terms. Mallon and Burton (2005: 2) noted
that “For comparative purposes, we adopted the same definitions for inter-, multi-, and
unidisciplinary as Friedman and Friedman, interdisciplinary is defined as faculty from
different disciplines working together on the same project; multidisciplinary is defined as
faculty from different disciplines working independently on different aspects of a project;
and unidisciplinary is defined as faculty from a single discipline working together, using
consultants from other disciplines as needed.

The Canadian Institutes of Health Research (CIHR. 2005: online) defined
Interdisciplinary as the ability to analyze, synthesize and harmonize links between
disciplines into a coordinated and coherent whole.

Mansilla and Gardner (2005: online) defined “interdisciplinary work” as work
that integrates knowledge and modes of thinking from two or more disciplines. Such
work embraces the goal of advancing understanding (e.g., explain phenomena, craft
solutions, raise new questions) in ways that would have not been possible through

single disciplinary means.
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Interdisciplinary instruction entails the use and integration of methods and
analytical frameworks from more than one academic discipline to examine a theme,
issue, question or topic. The hallmark of interdisciplinary education is integration of
notions and guiding principles from multiple disciplines to systematically form a more
complete, and hopefully coherent, framework of analysis that offers a richer
understanding of the issue under examination (Goldsmith, 2010: online).

Interdisciplinary teaching is different from multi- or cross-disciplinary teaching
in that it requires the integration and synthesis of different perspectives rather than a
simple consideration of multiple viewpoints.

Educators are interested in interdisciplinary curriculum for at least two
reasons. One reason is that some of the newest, most valuable knowledge is
overlooked in conventional subject areas. Second there is the crisis of student drop out,
physically and mentally. Students often ask, "Why are we studying this? It doesn't seem
to make any sense. How does it fit with my life? Integrating curriculum helps students
see the connections among school subjects. The Big idea approach can combine
elements of both the concrete and abstract in a provocative way".

Develop a plan and use the Interdisciplinary Concept Model (Jacobs and
Borland. 1986: 60) as a guide.

1. Choose a topic-concepts such as observations, patterns, light, revolution,
humor, flight, pioneers, the future, and world hunger have proven highly effective.

2. Brainstorm for ideas that can be organized onto an interdisciplinary concept
model. This model has the theme in the center and the subject areas are explored in
relation to the theme.

3. Guiding questions are developed to serve as scope and sequence. The

questions are general and should transcend discipline lines.

7. Importance of Interdisciplinary Approach

The Interdisciplinary approach has been used in many ways and at all levels
of education. From early childhood to graduate school, interdisciplinary studies are
becoming more and more popular. Boehm explains fundamental disciplines such as
Geography and History by stating, “Teachers rarely teach the two subjects in an
integrated fashion, and American children’s understanding of both subjects suffers.

Boehm’s “The Best of both worlds” is designed to be used by students from
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kindergarten to High School. For some disciplines the interdisciplinary approach is said
to, not only be preferred, but needed. Youngblood (2007: 2) stated that interdisciplinary
are beneficial because “They may within the one discipline cover physical and social
sciences as well as humanities as they focus on considering interrelations between
realms of knowledge”. Staples (2005: 6) explained that Environmental Sciences need
an interdisciplinary approach due to the poor “state of environmental education and the
need for improvement in ecological literacy”. Boehm warned that we must consider
other teaching methods such as interdisciplinary techniques because “We learn from
the National Assessment of Education Progress, from surveys by the National
Geographic Society and from a hundred other sources that American student’s
knowledge of history and geography is lamentably thin, and their comprehension of the
world out the United States is skimpy indeed”. Dawn Youngblood, the author of
“Interdisciplinary Studies and the Bridging Disciplines”, and Laura L. Duerr, author of
“Interdisciplinary Instruction”, both agree that methodology is the key to interdisciplinary
success, not the domain of subject material or textbooks alone. Interdisciplinary
techniques are not only important for a student to learn any one single discipline or
solve problem in a synthesized manner, but it also enriches a student’s lifelong learning
habits, academic skills, and personal growth.

While there are many statistical reports which conclude that students of
interdisciplinary techniques have higher test scores in both core knowledge and critical
thinking problems, there is also a need for interdisciplinary techniques to better
remember basic discipline lessons later in life. In an article titled “Interdisciplinary
Instruction”, Duerr (2008: 177) explains the importance of an interdisciplinary approach
to the life of a student by stating, “With interdisciplinary instruction, students can
become more involved in their learning and teachers can work toward eliminating
discipline lines. Students can become independent, confident individuals who ‘learn how
to learn’ and develop lifelong learning skills”. The interdisciplinary approach is a team-
taught enhancement of student performance, an integration of methodology and
pedagogy, and a much needed lifelong learning skill. Students who have the skills that
interdisciplinary courses provide are so valuable to our future that they are now sought
out by colleges and businesses.

Students who are taught with an interdisciplinary technique in which the
students master higher order thinking skills and integrated pedagogy become very

attractive to top colleges and wealthy business. Youngblood explains that the foundation
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of interdisciplinary techniques will lead to a future of discovery and innovation. For
example, the chemist Willard Libby who discovered radiocarbon dating, applied his
findings in Chemistry to the discipline of Archeology and won the Nobel Prize the
discovery in 1960 (Youngblood. 2008: 2).

A single disciplinary perspective often has limitations in that it is driven by the
norms and framework of a particular discipline without consideration and incorporation
of alternative views. The single disciplinary view can lead to hegemony which prevents
critical assessment of their own and other perspectives. In contrast, interdisciplinary
education draws on multiple disciplines to acquire a deep and thorough understanding
of complex issues and challenges students to synthesize what each of the disciplines
offers before attempting to design efforts to resolve noted concerns (Goldsmith, 2010:
online).

From the literature on cognition and instruction, it is possible to identify four
cognitive abilities that interdisciplinary learning fosters. These include the ability to (1)
develop and apply perspective-taking techniques, (2) develop structural knowledge of
problems appropriate to interdisciplinary inquiry, (3) integrate conflicting insights (i.e.,
expert views) from two or more disciplines, and (4) produce a cognitive advancement or
interdisciplinary understanding of the problem.

Some disciplines typically claim “critical thinking” as an important outcome, as
do the natural sciences, and the applied fields. This collective claim to critical thinking
raises the question: How do interdisciplinary approaches contribute to the development
of this key cognitive skill in ways that are different from or superior to single-subject
approaches? “For a learner to be truly empowered through critical thinking,” says
Toynton (2005: 110), “more than one context or one discipline needs to be
encountered.” If interdisciplinarians insist on including “critical thinking” to the learning
outcomes at the program level, he asserts, they should make clear that the
development of this skill requires viewing “the approaches, products, and processes” of
relevant disciplines “from a detached and comparative viewpoint”.

Repko (2009: 2) asserts that interdisciplinary instruction fosters advances in
cognitive ability and other educational researchers have identified a number of distinct
educational benefits of interdisciplinary learning including gains in the ability to:

Recognize bias
Think critically

Tolerate ambiguity
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Acknowledge and appreciate ethical concerns

Furthermore, he identifies four cognitive abilities (i.e., brain-based skills and
mental processes that are needed to carry out tasks) that interdisciplinary learning
fosters which helps to explain the emerging popularity of interdisciplinary inquiry;
(Repko, 2009: 3-4)

1. Perspective-Taking Techniques

This refers to the capacity to understand multiple viewpoints on a
given topic including an appreciation of the differences between disciplines and
especially their perspectives on how to approach a problem and their rules of evidence.

2. Development of Structural Knowledge

This is composed of two elements, declarative knowledge (i.e.,
factual information) and procedural knowledge (i.e., process-based information), which
are needed to solve complex problems.

3. Integration of Conflicting Insights from Alternative Disciplines

When ideas from a variety of disciplines are embraced when
investigating an issue alternative perspective and predictions often arise. The
intellectual challenge is to find ways to account for these which entail careful and
creative thinking rather than revert to a single disciplinary explanation.

4. Interdisciplinary Understanding

This entails seeing an issue from an array of perspectives and
recognizing how each of the alternative approaches influences one another.

Educators who successfully introduce interdisciplinary forms of instruction into
the classes they lead must overcome a number of hurdles that can be surmounted by
interested educators. Those who make the transition must:

Become sufficiently knowledgeable in relevant related disciplines to be
able to comfortably introduce and guide an interdisciplinary investigation.

Find the appropriate level of interdisciplinary complexity. For most
students, integrating introductory level concepts from multiple disciplines will add
sufficient depth and breadth to their understanding.

Convince students that the additional costs of thinking in an

interdisciplinary fashion are worth it.
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Avoid polarity which occurs when instructors in an interdisciplinary setting
become territorial about their content area and its role in the analysis because they are
threatened by another discipline's viewpoint.

Offer a balanced examination of theoretical and methodological
assumptions underlying each discipline that is part of the interdisciplinary examination.

Promote the synthesis of ideas from a variety of disciplines leading to an
integrated form of analysis. Acquiring the ability to synthesize, a higher-order cognitive
skill in Bloom's taxonomy and a key objective of interdisciplinary teaching is taxing for
students. Moreover, helping students learn to synthesize is the greatest challenge for an

educator to navigate or overcome on the path to interdisciplinary examination of topics.

8. Why Climate Change?

Thailand ranked in extreme risk of climate change. Data from "Climate
Change Vulnerability Index" (CCVI), prepared by Maplecroft that is a famous risk
consultancy firm in British, found that Thailand is one of the 16 countries that are the
greatest risk from the effects of climate change during the next 30 years because: 1)
the Thai economy is dependent upon the agricultural sector that depends on the
uncertainty of weather that is a major, and 2) Thailand has a number of people who are
placed in "almost poor" group which has low ability to adapt to cope with the effects of
climate change, and 3) government has low ability to adapt to cope with changing in the
nature, evidence by the lack of proactive policies to prevent and cope with the impact of
climate change in a systematic way.

Thailand not only has the highest risk, but also is a major cause of problems.
Data showed that Thailand emits greenhouse gases into the atmosphere much as No.
25 from 186 countries around the world. While the emission of carbon dioxide (CO,) per
person per year of Thailand has accumulated growth rate per year (CAGR) reached
5%, compared with an average worldwide increase of only 0.4% per annum only. And
even more shocking than that Bangkok emits carbon dioxide nearly equal amounts of
London that the economic size is larger than Bangkok nearly 10 times.

Then the question is how climate change affects the economy. Overall, we
found that the climate change impact the Thai economy through three main channels:
1) climate change affects the global energy demand that growth of approximately 1.2%

per year during the next 20 years and this will cause oil prices up more than 3 times
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the present. Of course, Thailand would be affected by energy prices inevitably more
expensive, 2) a result of the variability of weather and other natural disasters will make
agricultural production in Thailand reduced and the price of agricultural products more
expensive. Because of drought situation in the last 3 years, yields of major crops in
Thailand decreased approximately 2% per year, while the flood situation at the end of
last year has created the damage to agricultural areas around the country to over 10
million hectares, and 3) impact on the quantity and quality of tourist attractions. The
effect seen in Thailand at the moment is quite clear is severe coastal erosion in the
Andaman Sea and Gulf of Thailand including coral bleaching and the balance of marine
ecosystems. The attraction of these tourists to accommodate more than 5 million
passengers per year, or nearly 1 in 3 of the total number of tourists ever. If these
attractions are affected, income from tourism sector, which is the main income of the
country, is also affected .

Business sector is likely to be affected by climate change broadly. Climate
change does not only impact the economy as a whole only, but also the businesses
widely, especially oil, as high as factors of production, transportation and
communication business. As well as business use of agricultural raw materials as inputs
high and business that production factors associated with the tourism sector such as
hotels and restaurants also are causing climate change agreements and environmental
regulations more stringent. And lead to trade barriers in new forms. Whether it is taxed
at rates higher for goods that are emissions greenhouse higher standard or even a
legislative ban imports from countries that do not reduce the campaign. Greenhouse
gas emissions are considered as commercial pressures and challenges to Thai
businesses must to adapt quickly.

It is true that climate change is something we all need to focus but it should
not be doing extreme that it becomes all the activities or projects that affect
environment will become a taboo. But the best solution is weighing the pros and cons of
such a round and trying to minimize the impact on the environment along with
accelerating the environmental literacy by systematic process and promote learning of
community to create the correct understanding about the environmental situation and

the impact occurred.



CHAPTER 3
METHODOLOGY

This study aims to develop climate change units and instructional plans which
emphasize developing critical thinking for lower secondary school students. This chapter
describes the methods used in this study in six major parts:

1. Sources of Data
. Research Procedures
. Research Instruments
. Data Collection
. Data Analysis

. Statistical Analyses
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. Roles of Individual in the Study

1. Sources of Data
Data collection of the research study included two main stages: 1) field trial
study stage and 2) confirmatory study stage. Sources of all data are detailed below.
1.1 Sources of Data of Field Trial Study Stage
1.1.1 Teacher
A science teacher who teaches science for lower secondary students at
Kohsirae School in Phuket province and is trained to teach students to follow the lesson
plans on climate change to develop critical thinking.
1.1.2 Student
Population
Four classrooms of seventh grade (Mathayomsuksa 1) students who
studied science topics in the first half of the first semester of the 2013 academic year at
Kohsirae School in Phuket province.
Sample
A classroom of seventh grade (Mathayomsuksa 1) students who
studied science topics in the first half of the first semester of the 2013 academic year at

Kohsirae School in Phuket province.
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1.2 Sources of Data of Field Study Stage
1.2.1 Teacher
A science teacher who teaches science for lower secondary students at
Banthongkha School in Phuket province and is trained to teach students to follow the
lesson plans on climate change unit.
1.2.2 Student
Population
Four classrooms of seventh grade (Mathayomsuksa 1) students who
studied science topics in the second half of the first semester of the 2013 academic
year at Banthongkha School in Phuket province.
Sample
A classroom of seventh grade students who studied science topics in
the second half of the first semester of the 2013 academic year at Banthongkha School

in Phuket province.

2. Research Procedures

The research procedures for the study consisted of three major stages: 1)
Climate change unit development, 2) Climate change unit implementation in
confirmatory study and 3) Climate change unit evaluation. These processes are

depicted in Figure 3. Details for each stage are given below.
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The Climate Change Unit Development Stage
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- Studying related documents

- Designing the climate change
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- Developing drafts of the climate change unit
- Evaluating the climate change unit by experts

- Implementing the climate change unit in field trial study

Field Study Stage

Pre-test score
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- Critical thinking skills
- Learning achievement
- Teacher’s and students’ opinion

toward the unit

- Critical thinking skills
- Learning achievement
- Teacher’s and students’ opinion

toward the unit

Post-test score
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Post-test score
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- Critical thinking skills
- Learning achievement
- Teacher’s and students’ opinion

toward the unit

- Critical thinking skills
- Learning achievement
- Teacher’s and students’ opinion

toward the unit

A 4

A 4

The Climate Change Unit Evaluation Stage

FIGURE 4 PROCEDURES OF THE RESEARCH STUDY
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2.1 Climate Change Unit Development
This stage was to study related documents and to design the climate change
unit.
2.1.1 Climate Change Unit Preparation
This step involved studying and considering related documents for developing
the climate change unit. These documents included Thailand’s National Education Act of
B.E. 2542 (A.D. 1999) and Amendments (Second National Education Act B.E. 2545
(A.D. 2002)), The Basic Education Core Curriculum B.E. 2551 (A.D. 2008), instructional
strategies, instructional design, critical thinking theories, critical thinking assessment,
interdisciplinary approach and climate change content.
2.1.2 Climate Change Unit Design
The purposes of this step were to design and develop instructional plans
and climate change units. The processes for this step include: 1) Developing
instructional plans and climate change units, and 2) Evaluating instructional plans and
climate change units by experts. Each process is illustrated in more details as follow:
2.1.2.1 Developing Instructional plans and Climate Change Units
This step was to write instructional plans and climate change unit
documents. It began with formulating goals of the climate change unit, then targeting
curriculum standards, organizing the climate change unit and lastly developing
instructional plans and climate change unit documents. These documents include a
teacher’s manual and instructional plans. Details for each process are described below.
1. Formulating Goals of the Climate Change Unit
The goals of Thailand’s National Education Act of B.E. 2542 (A.D.
1999) and Amendments (Second National Education Act B.E. 2545 (A.D. 2002))
(ONEC: Thailand. 2006) and the Basic Education Core Curriculum B.E. 2551 (A.D.
2008) were studied and analyzed. Additionally, issues and needs of current science
education were considered in order to formulate the goals of the climate change unit.
2. Targeting Learning Standards
The curriculum standards, focused within this study, were drawn
from in the Basic Education Core Curriculum B.E. 2551 (A.D. 2008), with some details

below, which determine expected student attributes at the end of their basic education.
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Thai Language

Strand 3: Listening, Viewing and Speaking

Standard TH3.1: Competency in selective and critical listening and viewing, and
in critical and creative expression of knowledge, thoughts and feelings

on various occasions

Mathematics

Strand 6: Mathematical Skills and Processes

Standard MAG.1: Ability in problem-solving, reasoning, communication and
presentation of mathematical concept, linking various bodies of
mathematical knowledge, and linking mathematics with other disciplines;

and attaining ability for creative thinking

Science

Strand 6: Change Processes of the Earth

Standard SC6.1: Understanding of various processes on the Earth’s surface
and inside the Earth; relationship between various processes causing
changes in climate, topography and form of the Earth; investigative
process for seeking knowledge and scientific mind; and communication

of acquired knowledge that could be applied for useful purposes

Art

Strand 1: Visual Arts

Standard AR1.1: Creation of visual art works through imagination and creativity;
analysis and criticism on the values of the visual art works through free
expression of feelings and thoughts; appreciation and application of

visual arts in daily life

Foreign Languages

Strand 3: Language and Relationship with Other Learning Areas

Standard FL3.1: Using foreign languages to link knowledge with other learning
areas, as foundation for further development, seeking knowledge and

broadening one’s world view
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However, not all aspects of above standards were used in developing the
climate change unit. These standards are for students from first grade to twelfth grade.
As a result, some learning standards which are suitable for lower secondary students
were drawn and used in the climate change unit development. In addition, contents in
the climate change unit were also drawn from the above learning standards.
Subsequently, these contents were analyzed and organized as concept flow with
prerequisite content knowledge of each concept.

Topics in the climate change unit include 8 topics during 24 periods (1 period
= 50 minutes).
1. Atmosphere that enveloped the world.
The graph tells relations climate.
Glaciers disappear.
Ocean currents.
Back in time with the ice bar.
Life in the greenhouse.

Carbon footprint.
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Biome and climate change.

The interdisciplinary approach and 2(CPA) Model were appropriate for
constructing climate change content and its related issues, as well as a practical
framework of critical thinking skills, necessary for studying students’ ability in critical
thinking issues. To develop the unit in this study, the combination of the interdisciplinary
approach, 2(CPA) Model, and critical thinking skills framework for construction of
climate change knowledge and practice of critical thinking skills at the same time of
learning were used.

The effectiveness of unit implementation was assessed on students’
achievement, students’ critical thinking skills ability, and their opinion toward unit. In
terms of developing of the assessment tools, the learning achievement test was
developed and used for the assessment of students’ understanding of climate change.
The critical thinking skills test was adapted from Cornell Critical Thinking Test Level X.
The students’ opinions toward the climate change unit were assessed by the
questionnaire. In addition the participating teachers were assessed on their opinion
toward the climate change unit for an assessment of effectiveness on the unit

implementation.
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The information gained from this step was used to design a draft unit of climate
change content for enhancing student’s critical thinking skills.
The table below shows detail about disciplines that are used in any lesson

plans.

TABLE 3 DISCIPLINES THAT ARE USED IN ANY LESSON PLANS

Lesson Disciplines
plan MATHEMATICS SCIENCE THAI FOREIGN ARTS
LANGUAGE | LANGUAGE

1 / / / / /
2 / / /
3 / / /
4 / / /
5 / / / /
6 / /
7 / / /

8 / / /

3. Developing Drafts of the Climate Change Unit Documents

The draft lesson plans were designed by including learning activities
that are consistent with the structure set by the interdisciplinary approach for developing
critical thinking skills. Each lesson plan consists of 9 major sections: structure of
activities, learning objectives, prerequisite knowledge, main concepts, pre-class
preparation, instructional sequences, instructional materials, learning resources, and
assessment and evaluation. After developing drafts was done, these documents were
sent to three experts for proofreading and evaluation. Details of this step are shown in
the next section. More details of the lesson plans are presented in Appendix E. The

summary of the draft of lesson plans is described in TABLE 4.
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TABLE 4 THE DETAILS OF THE DRAFT LESSON PLANS

Disciplines
C
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1. Atmosphere that / / / / Definition of atmosphere,

enveloped the

world

component of atmosphere,
and atmosphere relate with

daily life

2. The graph tells

relations climate

Component of graph,
and drawing and
interpreting the graph of

climate change data

3. Glaciers disappear

Definition of glacier, kind
of glacier, and effect of

glacier

4. Ocean currents

Definition of ocean
currents, effect of ocean

currents

5. Back in time with

Definition of ice bar,

the ice bar importance of learning ice
bar, and weather forecast
in the past and future
6. Life in the / / Definition of greenhouse
greenhouse effect, greenhouse gas,

and importance of
greenhouse effect in daily

life
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TABLE 4 (continued)

Disciplines
C
=
o
. . [} = O .
Learning Units 4 L W Main Concepts
% 3 1l
38 | 2 2 g
© g) o c 8
(0]
51 & &§| § S
% Q2 o 2 - o
S| ol E| & <
7. Carbon footprint / / 3 Definition of carbon
footprint, effect of carbon
footprint, calculating carbon
footprint
8. Biome and climate / / / 3 Definition of biome, effect
change of climate change in
biomes

4 The assessment tools

The assessment tools were developed according to the unit goals and
the teaching-learning process of the unit. More details of assessment tools are
presented in Appendix D.

2.4.1 The learning achievement test was developed using 40 items of
multiple choices question. The test items were divided into 5 items for each learning
unit.

2.4.2 The critical thinking skills test was adapted and designed from
Cornell critical thinking test. The test consists of 4 sections in 4 skills of critical thinking
(71 multiple choices questions).

2.4.3 The questionnaire for the evaluation of the participating students’
opinion toward the unit was designed including 22 statements of the five level rating
scales (Likert scale).

2.4.4 The questionnaire of the teachers’ opinion towards the unit was

designed and included 28 statements of the five level rating scale items on Likert scale.
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2.1.2.2 Evaluating the Climate Change Unit by Experts

This step was to assess and evaluate effectiveness of the climate
change unit drafts by the three experts: a science education instructor, a science
education specialist and a lower secondary school science teacher. The experts used a
climate change unit evaluation form developed by the researcher to examine and verify
the climate change unit drafts. This was done on the basis of their validity and
correspondence of all components (e.g., background and rationale, goals of the climate
change unit, grade level, contents, learning activities, instructional materials, and
assessment and evaluation). After this was completed, the researcher had discussion
with each of the experts about results of the evaluation. All of the information and
suggestions from the experts were then used to revise and complete the climate
change unit drafts before these documents were used in the field trial study.

2.1.2.3 Implementing the Learning Unit in Field Trial Study

This step was to implement the climate change unit with learners who
had high achievement and high readiness for learning in order to 1) test quality of the
climate change unit in case of time, appropriateness and flow of the instructional
sequences, 2) check some problems that might occur and 3) gather data for
confirmatory study. Initially, the researcher contacted the director of Kohsirae School by
sending an official letter to ask for permission to do the field trial study during the first
half of the first semester of the 2013 academic year. After the permission was granted,
the participating teacher and the researcher discussed the background and rationale of
the study, goals of the climate change unit, learning standards, content and prerequisite
knowledge, activities and expected learning outcomes, meaning of interdisciplinary
approach and structure of the activities in the climate change unit. The participating
teacher subsequently spent one week with the researcher studying all of instructional
materials and trying to do the activities in the climate change unit.

During the field trial study, the critical thinking skills test and the learning
achievement test were administered initially within a classroom of seventh grade
students (35 students). Then, these students were taught by the participating teacher
using the climate change unit which lasted 24 periods. The researcher carried out
classroom observation during the instruction periods and used the classroom
observation form to record the procedures and happening. After each instruction, the
researcher wrote reports about the classroom events. At the end of the teaching for the

whole climate change unit, the students took the same critical thinking test and learning
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achievement test. Furthermore, the researcher corrected data of students’ opinion
toward the climate change unit and teacher’'s opinion toward the climate change unit
after using draft unit. Data from these tests were used as part of the procedure for
determination of effectiveness of the climate change unit. The climate change unit was
then revised by applying information from the field trial study. After completing revision
process, the climate change unit was ready to use in the confirmatory study. The details

for this stage are shown in the next section.

2.2 Climate Change Unit Implementation of Field Study Stage
This stage was concerned with: 1) implementation of the climate change unit
with another group of learners, and 2) gathering of learning outcomes for the evaluation
of effectiveness of the climate change unit. The following topics show details of this
stage: procedures, data collection and data analysis.
2.2.1 Procedures
Most processes in this stage matched those in the field trial study. The
researcher contacted the director of Banthongkha School by sending an official letter to
ask for permission to undertake the confirmatory study during the first semester of the
2013 academic year. After the permission was granted, the participating teacher and
the researcher held discussions about the background and rationale of the study, goals
of the climate change unit, learning standards, content and prerequisite knowledge,
activities and expected learning outcomes. These discussions covered most importantly
the meaning of interdisciplinary approach, the structure of the activities and operating
procedures to be followed when using this approach. Subsequently, the participating
teacher spent one week with the researcher to study all of instructional materials and
perform the activities in the climate change unit. Additionally, the researcher shared and
discussed feedback received from the field trial study. In the confirmatory study, a
classroom of seventh grade students (38 students) that is experimental group was
taught by the participating teacher using the climate change unit which lasted 24
periods, and the other classroom of seventh grade students (40 students) that is control
group was taught climate change by the participating teacher without using the climate
change unit which lasted 24 periods. This classroom was drawn from three seventh
grade classrooms in the school by simple sampling. During the class periods, the

researcher observed closely the classroom environment. After implementing each
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instructional plan, the participating teacher and the researcher discussed the classroom
events in order to share findings, comments and suggestions. The participating teacher
and the researcher discussed feedback from the climate change unit implementation
again after the entire set of instructional plans had been implemented. Details
concerning the data collection of the climate change unit implementation are explained

in the next section.

2.2.2 Gathering and Analyzing Learning outcomes
Learning outcomes of each student were collected and summarized.
Quantitative data including pre-test and post-test learning achievement and critical
thinking scores, and attitude towards learning activities were processed statistically.
Qualitative data such as students’ suggestions and difficulties in doing each activity
which the researcher had gathered while observing classroom instructions were used to

describe and support the statistical finding.

2.3 Climate Change Unit Evaluation

Collected data were analyzed using descriptive statistics and inferential
statistics as stated above. This stage was to evaluate effectiveness of the climate
change unit by considering 4 hypotheses as follows:

1. The students' critical thinking mean score after learning using the climate
change unit is higher than the critical thinking mean score before learning using the
climate change unit at the 0.05 level of significance.

2. The students' learning achievement mean score after learning using the
climate change unit is higher than the learning achievement mean score before learning
using the climate change unit at the 0.05 level of significance.

3. Students’ opinion scores toward the revised unit after the unit was
implemented are at a high level.

4. Teachers’ opinion scores toward the revised unit after the unit was

implemented are at a high level.

3. Research Instruments

There were 6 major types of instruments used in the study: 1) the climate

change unit evaluation form, 2) The Critical Thinking Skills Test, 3) the learning
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achievement test, 4) the students’ opinions toward the climate change unit, 5) the
classroom observation form, and 6) the teachers’ opinions toward the implementation of
the climate change unit. Details of developing these instruments are given in the next
sections.
3.1 The Climate Change Unit Evaluation Form
The climate change unit evaluation form was developed for examining and

verifying the climate change unit draft on the basis of its content validity and
correspondence of all components (e.g., background and rationale, goals of the climate
change unit, grade level, contents, learning activities, instructional materials, and
assessment and evaluation). The evaluation form is a 10-item questionnaire which has
three-point rating scale consisting of 1 = corresponding, 0 = not sure and -1 = not
corresponding. Each question ends with a comment and suggestion section. This form
was used by the experts after the climate change unit drafts were developed
completely. The procedures for constructing the climate change unit evaluation form are
listed below.

1. Determine elements for evaluating the climate change unit draft
documents;

2. Write the evaluation form draft;

3. Validate the evaluation form draft by three dissertation advisors; and

4. Revise the evaluation form draft by applying comments and

suggestions from the three advisors.

3.2 The Critical Thinking Skills Test

There are two major reasons why the researcher adapted the Cornell
Critical Thinking Test (CCTT), Level X to assess critical thinking skills of lower
secondary students. Firstly, the Cornell Critical Thinking Test (CCTT), Level X was the
most commonly used instrument to assess critical thinking skills. Secondly, it was
intended to measure students’ critical thinking skills of junior and high school students
as well as students who were from grade four through to college level, comparable to
students that researcher selected to be sample in this research.

The CCTT, Level X, which was developed by Ennis and Millman, contains
76 multiple-choice items (There are 5 multiple-choice items are example), and are

divided in to seven sections. They include: 1) induction, 2) deduction, 3) observation, 4)
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credibility, 5) assumptions, 6) meaning, and 7) dispositions. Reliability estimates for
Level X range from 0.67 to 0.90.
From Table 5, reliability and internal consistency of the Cornell Critical

Thinking Test (CCTT), Level X estimates range from 0.67 to 0.90.

TABLE 5 RELIABILITY AND INTERNAL CONSISTENCY OF THE CORNELL
CRITICAL THINKING TEST (CCTT)

Scales Alpha Reliability

Induction

Deduction

Observation

Credibility 0.67 — 0.90

Assumptions

Meaning

Dispositions

Note: The Cornell Critical Thinking Test Level X was developed by Ennis and Millman

3.3 The Learning Achievement Test
Students’ learning achievement was assessed by the learning achievement
test which was implemented before and after using the climate change unit. Four
categories of behavior assessed on the learning achievement test consist of knowledge,
comprehension, science process skills and application. The learning achievement test
consists of 40 multiple choices test items, each of which has four choices with only one

correct answer. The procedures for constructing the learning achievement test are listed

below.

1. Analyze the learning objectives by creating table of specifications;

2. Write draft of the learning achievement test;

3. Validate the learning achievement test draft by the three dissertation
advisors;

4. Revise the learning achievement test draft by applying comments and

suggestions from the three advisors;
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5. Examine and verify content validity, questioning, choices,
correspondence between questions and measured behaviors, and wording by the three
experts. Item Objective Congruence (IOC) was considered from a three-point rating
scale assessment form consisting of 1 = corresponding, 0 = not sure, and -1 = not
corresponding. ltems with the 10C index above 0.50 were selected and it was then
revised by applying comments and suggestions from the experts;

6. Try out the learning achievement test draft with a classroom of seven
grade students (35 students) in Kohsirae School to test difficulty (p) and item
discrimination (r). The items with the p index between 0.20-0.80 and the r index above
0.20 were selected; and

7. Determine internal consistency reliability of the learning achievement

test using the Kuder-Richardson 20.

3.4 The Students’ Opinions toward the Climate Change Unit

The questionnaire of the students’ opinions toward the climate change
unit was developed for collecting both quantitative and qualitative data from the
students’ opinion toward the climate change unit implementation such as unit content,
instructional activities, instructional materials, and overall of the unit. The following are
the steps of the construction of the questionnaire.

Step 1: The related documents for constructing questionnaires were
studied.

Step 2: The draft questionnaire was constructed consisting of three main
parts. The first part recorded the students’ personal information. The next part was
constructed asking for the level of the students’ opinions toward the curriculum in 22
statements with the five point Likert ranged as follows:

- Strongly agree; the score = 5

- Agree; the score = 4

- Neither agree nor disagree; the score = 3

- Disagree; the score = 2

- Strongly disagree; the score = 1

The last part of the questionnaire was open-ended questions which elicited the

students’ impression and suggestions toward the unit.
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Step 3: The draft questionnaire was summated to the four dissertation
advisors for checking the appropriateness of the questionnaire. The questionnaire was
revised according to their suggestions.

Step 4: The questionnaire, with 40 students in 12th grade at the
Kohsirae School in the pilot study, to check the ambiguity in the language of
questionnaire’s questions was tried out. The gathered data from pilot study were used
to revise the questionnaire and to improve the unit for use in the curriculum

implementation phase.

3.5 The Classroom Observation Form
The overall quality of using the climate change unit was assessed by the

classroom observation form. The classroom observation form consists of 6 open-ended
questions. It was used by the researcher during the climate change unit implementation.
The procedures for constructing the classroom observation form are as follows:

1. Determine elements for observing the classroom events;

2. Write draft of the classroom observation form;

3. Validate the classroom observation form draft by the three dissertation
advisors;

4. Revise the classroom observation form draft by applying comments
and suggestions from the three advisors; and

5. Examine and verify questioning and wording by the three experts.

Then, it was revised by applying comments and suggestions from the experts.

3.6 The Teachers’ Opinions toward the Climate Change Unit.

The participating teachers were asked to express their opinion toward
the unit with the questionnaire of the teachers’ opinions toward the curriculum after unit
implementation. The questionnaire was designed including 28 statements of the five
level rating scale items on a Likert-scale. This questionnaire was given to assess the
participating teachers after the unit implementation. The following steps were used in
the construction of the questionnaire.

Step 1: The related documents for constructing questionnaires were

studied.
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Step 2: The draft questionnaire was constructed consisting of three
parts. The first part recorded the teacher's personal information. The next part was
constructed for eliciting the level of the teachers’ opinions toward the unit in a five point
Likert scale in 28 statements divided into five domains: the content domain, the
instruction domain, the instructional material domain, the assessment domain, and the
overall of the unit. The five point Likert scale ranged as follows:

- Strongly agree; the score = 5

- Agree; the score = 4

- Neither agree nor disagree; the score = 3

- Disagree; the score = 2

- Strongly disagree; the score = 1

The last part of questionnaire used open-ended questions which elicited the
teachers’ opinions toward the unit implementation.

Step 3: The draft questionnaire was summated to the four dissertation
advisors for checking the appropriateness of the questionnaire. The questionnaire was

revised in accordance with their suggestions.

4. Data Collection

The data collection was performed regularly during the implementation process
of the climate change unit because the design of the study was mixed-method which
collected both quantitative and qualitative data. The students took the critical thinking
test, the learning achievement test and the attitude towards science measure before
being instructed by using the climate change unit (Pre-test). After the climate change
unit implementation was done, the students took the same tests and the same measure
again (Post-test). In addition, the researcher observed the classroom environment to
gather qualitative data during the class periods. This was carried out using the
classroom observation form. In addition to gathering these data, the participating
teacher’s opinion toward the climate change unit was also assessed by the researcher
using the teacher’s opinion toward the climate change unit interview form. Questions in
the interview involved attributes of the climate change unit and its application. All of the

data collection was presented in Table 6 below.
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Time
Type of g g .
data Instrument Data T | 5 E
[11] o
Quantitative | A critical thinking test Critical thinking scores / /
Data A learning achievement test Learning achievement scores / /
A teacher’s opinion towards Teacher’s opinion scores / /
the learning unit
A students’ opinion towards Students’ opinion scores
the learning unit ! /
Qualitative A classroom observation form Procedures and happening /
Data A teacher’s opinion towards Teacher’s opinion towards /
the learning unit interview the climate change unit
form
A students’ opinion towards Students’ opinion towards /
the learning unit interview the climate change unit
form

4.1 Piloting the draft unit to classrooms
The sample group of pilot study was one classroom of 35 students at 7th
grade who were studying in the first semester of the 2013 academic year at Kohsirae
School. The draft unit was introduced to a participant teacher for preparing her to use
the draft unit. The draft unit was used as a part of science course, in 8 weeks (3
learning periods a week) in May through June, 2013 with a full scale of unit instruction
in the classroom. During the instruction, problems of using the lesson plan and the

instructional material were recorded as data for unit improvement.

5. Data Analysis

Data received from the climate change unit implementation included quantitative
and qualitative data as shown in Table 3. Quantitative data consisting of critical thinking
score, learning achievement score and attitude towards science score were analyzed

using descriptive statistics and inferential statistics by the program of Statistical Package
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for the Social Sciences (SPSS) for Windows. Qualitative data of the observation of
classroom environment and the teacher’s opinion toward the climate change unit were

analyzed and interpreted in terms of a descriptive report.

6. Statistical Analyses
Statistics used in this study included two categories: 1) statistics for testing
materials, and 2) statistics for testing hypotheses. Details of these statistics are given

below.

6.1 Statistics for Testing Materials
6.1.1 Descriptive Statistics
Descriptive statistics such as mean and standard deviation was used to
analyze correspondence of all components in the climate change unit according to the

experts’ opinion. These were calculated by the SPSS program.

6.1.2 Index of Item Objective Congruence (I0C)

Index of Item Objective Congruence was used to analyze
correspondence of all components in the climate change unit, and objective
correspondence of the learning achievement test and the critical thinking test. The Index
of ltem Objective Congruence was calculated from the following formula (Taweerat,

1997:117)

IOC = 2R
N

Where 10C is Index of Item Objective Congruence
R is Rating scores

N is Number of cases in the set of scores
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The 10C evaluation had the ranging of items assigned weight as follows:

The consistency level Scale value (points)
Consistent +1
Not sure 0
Inconsistent -1

6.1.3 Cronbach’s Alpha («)
Cronbach’s alpha was used to measure the internal consistency of the
attitude toward science measure. Formula for calculating the Cronbach’s alpha is as

follows (Charoenpitay, 1999:226)

k 2V,
A8 W

Where « is The Cronbach’s alpha

k is The number of items on the test
V, is The variance of the each score

V, is The variance of the total scores

6.1.4 The Difficulty Index, the Easiness Index and the Discrimination

Index
The difficulty index and the discrimination index were used to determine
item difficulty and item discrimination of the learning achievement test and critical
thinking test. Two categories of these indexes are for different types of tests: objective
test and subjective test. The difficulty index (p index) and the discrimination index (r

index) for objective test are as follows

Number of students answering item correctly

p index
Total number of students taking test

P,- P,

rindex
Number of students in Top group

Where Py is The number of students in the Top group that got the item correct

Pg is The number of students in the Bottom group that got the item correct
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6.1.5 The appropriateness evaluation form
In the evaluation form on appropriateness, each statement was ranged

score for level of appropriateness (Best, 1981:182) as follows:

The appropriateness level Scale value (points)
Very high level 5
High level 4
Moderate level 3
Low level 2
Very low level 1

The data from the draft evaluation form were analyzed by calculating the mean

scores and assigned weightings as follows:

Mean scores Appropriateness level
4.50-5.00 Very high
3.50-4.49 High
2.50-3.49 Moderate
1.50-2.49 Low
1.00-1.49 Very low

6.2 Statistics for Testing Hypotheses
6.2.1 Descriptive Statistics
Descriptive statistics such as mean and standard deviation was used to
analyze pre-test and post-test scores of critical thinking skills and the students' learning

achievement. These were calculated by the SPSS program.

6.2.2 Inferential Statistics
The SPSS program was used to analyze data for testing the
hypotheses. There were 3 types of analysis as follows:
6.2.2.1 One sample t-test at the 0.05 level of significance was used to
compare mean of students’ opinion toward the climate change unit and teacher’s

opinion toward the climate change unit with the criterion.
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6.2.2.2 Paired sample t-test at the 0.05 level of significance was used to
compare mean of pre-test and post-test scores of the critical thinking skills and the

learning achievement.

7. Roles of Individual in the Study

The study involved three groups of people: the researcher, the participating
teachers, and the students. This section specifies the roles of each group as follows:

7.1 The Researcher

The researcher developed the climate change unit by studying related

documents, developing drafts of the climate change unit, contacting the three experts
for the climate change unit evaluation, and revising the climate change unit drafts. The
researcher then contacted the directors of the two schools for the field trial study and
the field study, and the two participating teachers. In order to prepare the participating
teachers, the researcher discussed about the climate change unit and spent one week
with each of them in different periods of time to studying all of instructional materials
and trying to do the activities in the climate change unit. During the field trial study, the
researcher observed instructional process by using the climate change unit in the
classroom and then used information for adjusting the climate change unit. The
researcher again observed instructional process in the classroom during the

confirmatory study to collect information for the climate change unit evaluation.

7.2 The Participating Teachers

Two lower secondary school science teachers were involved in this study.
Each of them used the climate change unit to teach lower secondary school students in
field confirmatory study. The first one from Kohsirae School collaborated with the
researcher in the field trial study. She taught the classroom of seventh grade students
by using the climate change unit and reflected her ideas, problems and suggestions,
after implementing each instructional plan and after using all instructional plans for the
climate change unit revision. The other teacher in Banthongkha School worked together
with the researcher in the confirmatory study. She taught the classroom of seventh
grade students by using the revised climate change unit and reflected her opinion
toward the climate change unit after finishing the climate change unit implementation for

its effectiveness evaluation. As stated above, two of them discussed the climate change
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unit and spent one week with the researcher in different periods of time to studying all
of instructional materials and trying to do the activities in the climate change unit before

the actual use in order to prepare and practice themselves.

7.3 The Students

The students who were involved in the study were composed of two parts.
First, a classroom of seventh grade students (35 students) at Kohsirae School
participated in the field trial study. They learned climate change topic by using learning
materials of the climate change unit. Data received from these students were used for
the climate change unit revision and determination of criteria to test the hypotheses.
Second, two classrooms of seventh grade students at Banthongkha School participated
in the field study. A classroom was the experimental group (38 students) and the other
was the control group (40 students). They learned climate change topic by using
learning materials of the revised climate change unit. Data received from these students

were used for the learning unit evaluation.



CHAPTER 4
RESULTS

This chapter presents the results of the study on the development of critical
thinking skills with interdisciplinary approach in the climate change unit for lower
secondary students. The findings of the study include two sections as follows: section 1)
the results of the unit development and section 2) the results of the unit implementation

and evaluation.

Section 1: The Results of Unit Development
1. The Results of Evaluation on the Draft Unit Qualities

The draft unit was evaluated and verified, in terms of the quality,
appropriateness, and validity by three experts, namely an experienced climate change
teacher, a science unit developer, and an educator. The results of the draft curriculum
evaluation by the experts consist of two main parts: its appropriateness evaluation and
consistency.

1.1 The evaluation on appropriateness of draft unit

The draft lesson plans were evaluated for the appropriateness of

the unit goals, instructional method, idea-flowing chart, and eight lesson plans. The
mean score, the standard deviation and the level of the appropriateness of each list in

the evaluation form are presented in TABLE 7.

TABLE 7 THE RESULTS OF EVALUATION ON THE APPROPRIATENESS OF THE
DRAFT LESSON PLANS

List of Evaluation N=3 Level of

Mean S.D. appropriateness

Lesson plan 1: Atmosphere that enveloped
the world

1. The teaching-learning processes were 4.00 0.00 High

appropriate for the goal of unit.
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List of Evaluation N=3 Level of
Mean S.D appropriateness

Lesson plan 1: (continued)

2. The activities were appropriate for enhancing 4.33 0.58 High
students’ critical thinking skills.

3. The activities were appropriate for enhancing 4.33 0.58 High
students’ achievement

4. The instructional materials were appropriate 4.33 0.58 High
for the teaching-learning process.

5. The assessment and evaluation were 4.00 0.00 High
appropriate for the teaching-learning process.

Lesson plan 2: The graph tells relations

climate

1. The teaching-learning processes were 4.00 0.00 High
appropriate for the goal of unit.

2. The activities were appropriate for enhancing 4.00 0.00 High
students’ critical thinking skills.

3. The activities were appropriate for enhancing 4.33 0.58 High
students’ achievement

4. The instructional materials were appropriate 4.33 0.58 High
for the teaching-learning process.

5. The assessment and evaluation were 4.00 0.00 High
appropriate for the teaching-learning process.

Lesson plan 3: Glaciers disappear

1. The teaching-learning processes were 4.00 0.00 High
appropriate for the goal of unit.

2. The activities were appropriate for enhancing 4.00 0.00 High
students’ critical thinking skills.
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List of Evaluation N=3 Level of
Mean S.D appropriateness

Lesson plan 3: (continued)

3. The activities were appropriate for enhancing 4.00 0.00 High
students’ achievement

4. The instructional materials were appropriate 4.33 0.58 High
for the teaching-learning process.

5. The assessment and evaluation were 4.00 0.00 High
appropriate for the teaching-learning process.

Lesson plan 4: Ocean currents

1. The teaching-learning processes were 4.00 0.00 High
appropriate for the goal of unit.

2. The activities were appropriate for enhancing 4.00 0.00 High
students’ critical thinking skills.

3. The activities were appropriate for enhancing 4.33 0.58 High
students’ achievement

4. The instructional materials were appropriate 4.00 0.00 High
for the teaching-learning process.

5. The assessment and evaluation were 4.00 0.00 High
appropriate for the teaching-learning process.

Lesson plan 5: Back in time with the ice bar

1. The teaching-learning processes were 4.00 0.00 High
appropriate for the goal of unit.

2. The activities were appropriate for enhancing 4.00 0.00 High
students’ critical thinking skills.

3. The activities were appropriate for enhancing 4.00 0.00 High
students’ achievement

4. The instructional materials were appropriate 4.33 0.58 High
for the teaching-learning process.

5. The assessment and evaluation were 4.00 0.00 High

appropriate for the teaching-learning process.
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List of Evaluation N=3 Level of
Mean S.D appropriateness

Lesson plan 6: Life in the greenhouse

1. The teaching-learning processes were 4.00 0.00 High
appropriate for the goal of unit.

2. The activities were appropriate for enhancing 4.33 0.58 High
students’ critical thinking skills.

3. The activities were appropriate for enhancing 4.00 0.00 High
students’ achievement

4. The instructional materials were appropriate 4.00 0.00 High
for the teaching-learning process.

5. The assessment and evaluation were 4.00 0.00 High
appropriate for the teaching-learning process.

Lesson plan 7: Carbon footprint

1. The teaching-learning processes were 4.33 0.58 High
appropriate for the goal of unit.

2. The activities were appropriate for enhancing 4.00 0.00 High
students’ critical thinking skills.

3. The activities were appropriate for enhancing 4.00 0.00 High
students’ achievement

4. The instructional materials were appropriate 4.00 0.00 High
for the teaching-learning process.

5. The assessment and evaluation were 4.00 0.00 High
appropriate for the teaching-learning process.

Lesson plan 8: Biome and climate change

1. The teaching-learning processes were 4.00 0.00 High
appropriate for the goal of unit.

2. The activities were appropriate for enhancing 4.00 0.00 High
students’ critical thinking skills.

3. The activities were appropriate for enhancing 4.00 0.00 High
students’ achievement
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List of Evaluation N=3 Level of
Mean S.D appropriateness
Lesson plan 8 (continued) 4.33 0.58 High
4. The instructional materials were appropriate
for the teaching-learning process.
5. The assessment and evaluation were 4.00 0.00 High
appropriate for the teaching-learning process.

The results of the instructional plan appropriateness evaluation showed mean

scores from 4.33 to 4.00. It indicated that the instructional plan was appropriate at the

high levels.

1.2 The consistency of the draft unit

The draft unit was examined by three experts on the consistency

of unit components by determining I0C index. The results of the I0C index are

presented in TABLE 8.

TABLE 8 THE UNIT CONSISTENCY EVALUATION

The item consideration N=3 Interpretation
IoC S.D.
1. The unit goal with the instructional plan. 1.00 0.00 Consistent
2. The unit goal with the content of unit. 1.00 0.00 Consistent
3. The unit goal with the assessment and 1.00 0.00 Consistent
evaluation
4. The content of unit with the teaching- 1.00 0.00 Consistent
learning process
5. The teaching-learning process with 0.67 0.58 Consistent
instructional materials
6. The learning activities with learning content 1.00 0.00 Consistent
7. The learning unit with critical thinking skills 1.00 0.00 Consistent
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TABLE 8 (continued)

The item consideration N=3 Interpretation
IoC S.D.
8. The learning unit with interdisciplinary 1.00 0.00 Consistent
approach.
9. The learning unit with learning media. 0.67 0.58 Consistent
10. the assessment and evaluation with 1.00 0.00 Consistent
critical thinking skills.

The Index of Item Objective Consistency (IOC) showed mean scores between
0.67 -1.00, indicating that every component of unit evaluated by experts is consistent
with one another.

In addition, at the bottom of the unit evaluation forms, a space for the experts’
suggestions to the draft unit was given. The content analysis of the experts’ suggestions
revealed that the quality of the draft unit was appropriate and consistent with all of the
items. The unit documents were well prepared and highly interesting and related to
critical thinking skills. The experts’ suggestions were used in revising the draft unit.

More details of the unit evaluation by experts are shown in Appendix B.

2. The Results of Piloting the Draft Unit to Classroom
After revising the draft unit according to the experts’ suggestion, the
draft unit was used to study the results and appropriateness in the actual classroom
with content, instructional materials, instructional method levels as well as finding the
criterion-referenced of assessments. The pilot study processes were as follows:
2.1 Evaluating the assessment tools for the unit implementation
The pilot study of the draft unit evaluated the three assessment
tools including: 1) a students’ learning achievement test on climate change, 2) an
assessment of students’ critical thinking skills, and 3) an assessment of the students’
opinion toward the draft unit. The results of this pilot study evaluation were analyzed

and presented as follows:
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2.1.1. The students’ learning achievement test on climate change
The students’ learning achievement test on climate change was
designed using 40 items of multiple-choice questions. This test was verified the 10C
between test items and learning outcomes by experts to find the consistency of items
and learning outcomes. After revising some test items for wording according to their
suggestions, the students learning achievement test was collected at the beginning and
at the end of the class of pilot study group. The students’ achievement scores after
using the draft unit were used for testing the items difficulty (p) and the item
discrimination (D). More details for the analysis of IOC, p, and D are presented in
Appendix B. The reliability of the selected achievement test by KR-20 was 0.76. More
details of the achievement test are presented in Appendix C.
2.1.2 The students’ critical thinking skills test
The critical thinking skills test that was adapted from Cornell
Critical Thinking Test (CCTT) consisted of 71 questions in 4 sections. More details for
the critical thinking skills test are presented in Appendix D. The students’ critical thinking
skills were collected using this test at the beginning and at the end of class.
2.1.3 The assessment of students’ opinion toward the draft unit
The students’ opinion toward the draft unit was evaluated using
22 statement items on Likert-scale type after using the draft unit. More details for the
questionnaire of students’ opinion toward the unit are presented in Appendix D.
2.1.3.1 The results of students’ opinion in the statement items
The draft unit was evaluated with the students’ opinion toward
the draft unit implementation in the 22 statement items on 5 scales of Likert-scale type.
The mean score, standard deviation and the results of evaluation were presented in

TABLE 9.
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TABLE 9 STUDENTS’ OPINIONS TOWARD THE DRAFT UNIT

List of evaluation

Result (N= 35)

Mean S.D. Interpretation

The teacher

1. The teacher explained the various learning 4.40 0.69 High level
activities for students understand to do
clearly.

2. The teacher devided students in to groups 4.31 0.72 High level
suitably for doing the various learning
activities.

3. The teacher advised and guided students to 4.37 0.73 High level
do the learning activities well and thoroughly.

4. The teachers encouraged students to be 4.51 0.66 Highest level
active for doing the learning activities.

5. The teachers can allocate time to learn and 4.37 0.73 High level
do the learning activities.

6. Content’s level of difficulty appropriate to
students' abilities. 4.63 0.60 Highest level

7. Content matches with interest and needs of 4.51 0.74 Highest level
students.

8. Content is arranged to be easily understood 4.40 0.77 High level
for the students.

9. The content is appropriate for the students’ 4.43 0.74 High level
study time.

10. Content is up to date and suitable to be 4.57 0.74 Highest level
applied in everyday life.

The learning activities

11. Students understand the purpose of the 4.29 0.75 High level
learning activity as well.

12. Learning activities are interesting and 4.49 0.70 High level
stylish.
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List of evaluation Result (N= 35)
Mean S.D. Interpretation
13. Learning activities help students to 4.46 0.74 High level

understand the content better.

14. Students can participate in learning activities 477 0.43 Highest level
together.

15. Students exchanged opinions with each 4.31 0.76 High level
other.

16. Learning activities encouraged students to 4.37 0.73 High level

develop critical thinking skills.

17. Students practiced skill of communication 443 0.70 High level
between members such as leadership,

deciding, solving problem etc..

18. Students followed learning activities 4.29 0.67 High level

sequentially.

The measurement and evaluation.
19. The evaluation of individual students and 4.51 0.74 Highest level

the group is appropriate.

20. Evaluation of learning activities and 4.37 0.77 High level

discussions of the work is appropriate.

21. Students know criteria for evaluation of 4.40 0.69 High level

achievement and learning activities as well.

22. Assessment covers learning content as well. 4.49 0.74 High level

Total 4.44 0.71 High level

The results from the question items in the questionnaire of the students’
opinion toward the draft unit showed that the students’ opinions toward the draft unit
after learning with this unit were satisfying at a high level in 16 items and at the highest
level in 6 items. The mean score of each statement items were analyzed by using t-test
for one-sample statistics, which was compared to the criterion setting at a high level

(Prakong, 1993:85). The results are summarized in TABLE 10.
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TABLE 10 THE COMPARISON BETWEEN THE MEAN SCORE OF STUDENTS
OPINION TOWARD THE DRAFT UNIT ON CLIMATE CHANGE AFTER
USING THE DRAFT UNIT AND THE CRITERION ACCORDING TO THE
PILOT STUDY GROUP

The question items analysis Criterion Mean S.D. t a

Students’ opinion toward the unit 3.51 4.44 0.71 | 7.75* | 0.05

t 0s; af3s) = 1.684

The students’ opinion means score toward the draft unit were

significantly higher than the criterion at the 0.05 level of significance.

5. The Revision of the Draft Unit

The results of the pilot study revealed the problems of the instructional
process. During the instruction, the researcher observed and recorded the problems of
using the lesson plans and the instructional materials for improvement the draft unit. At
the end of every lesson plan, the researcher and the teacher who participated in
teaching the draft unit discussed and shared opinions toward the use of lesson plan.
The results of the discussion showed that the draft unit was suitable for using climate
change issues for teaching and learning climate change content and critical thinking
skills. The teacher gave comments that the learning activities were new and interesting
for students but difficult to understand in some learning activities and the teacher and
researcher had to explain in some learning activity more clearly. However, the teacher
thought that the length of each step of lesson plans should be revised. For example,
each lesson plan had to be used in three periods continuously for students to follow all
steps in it, but the school separated science time to one period and two periods in two
days in a week, so the teacher and researcher had to revise time and activities in
lesson plan to be consistent with school. In addition, some learning activities took more
time, so the teacher and researcher had to adjust the time to proper in some learning
activity and some steps in some learning activity had to be adjusted to proper the time

period studied.
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The information gathered from the pilot study was used to revise the
appropriateness of time for doing the activities according to the lesson plans. The
revision of lesson plans was consulted and determined by the advisors before the next

implementation stage.

Section 2: The Results of the Unit Implementation and Unit Evaluation

After revising the draft unit according to the data gathered from conducting the
pilot study, the revised unit was implemented as a science course for 7th grade students
in the first semester of the 2013 academic year at Banthongkha School, Phuket
province, Thailand. The revised unit was implemented for 8 weeks (3 learning periods a
week) from June 2013 through July 2013.

The sample group of the unit implementation was 78 students (two classrooms)
who studied science. They were divided into two classes. The first class of 38 students
(one classroom) that was the experimental group studied the climate change by
following the revised unit on Tuesdays and Thursdays, and the other class was the
control group (40 students) studying the climate change without following the revised
unit on Mondays and Fridays. During the revised unit, data and information was
gathered by using the assessment tools including the achievement test on climate
change, the critical thinking skills test, the questionnaire of the students’ opinion towards
the unit, and the questionnaire of the teachers’ opinion toward the unit. The gathered
data in unit implementation were used for evaluation of the effectiveness of the revised
unit by testing the four research hypotheses. The gathered data and results of testing

research hypotheses are presented as follows:

1. The students’ achievement on climate change

The students’ learning achievement test on climate change was used for
gathering the data of students’ understanding on climate change. These tests were
composed of 40 multiple choice test questions. The gathered data of students’

achievement and the research hypothesis testing are presented as follows:

1.1 The gathered data of the students’ achievement on climate change

The achievement test was used to gather data of both classrooms at the
beginning and at the end of the class. The students’ achievement scores consisted of

two parts: the first part was the students’ achievement scores of the experimental group
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before and after using the revised unit and the second part is the students’ achievement
scores of the control group before and after without using the revised unit. They were
presented in TABLE 11 and TABLE 12. More details of the students’ achievement score

in the main study group were presented in Appendix C.

TABLE 11 THE STUDENTS’ ACHIEVEMENT MEANS SCORE BEFORE AND AFTER
USING THE REVISED UNIT OF THE EXPERIMENTAL GROUP

Number | Before using the After using the
Units of revised unit revised unit D t a
items Mean S.D. Mean S.D.
1 5 2.36 2.73 4.25 L 1.89 3.16 | 0.05
2 5 1.83 218 3.24 1.69 1.41 5.28 | 0.05
3 5 L Y 2.65 2.03 1.45 0.46 1.39 | 0.05
4 5 1.42 294 3.47 1.93 2.05 297 |0.05
5 3 1.16 2.06 3.30 1.29 2.14 3.59 |0.05
6 b 1.28 2.83 3.38 1.40 2.10 4.81 |0.05
7 5 1.19 2.91 4.06 1.84 2.87 6.27 | 0.05
8 5 1.45 2.57 4.11 193 2.66 3.37 | 0.05
Total 40 12.26 5.41 27.84 3.48 15.58 | 5.26* | 0.05

teos; ara7) = 1.684

1.2 The testing research hypothesis |

The first hypothesis stated, “Students who learn through the climate
change unit have significantly higher post-test scores of learning achievement than pre-
test scores.” According to this hypothesis, it was expected that students who
participated in the revised unit would gain the achievement scores of the post-test
higher than the pre-test of the achievement test.

The gathered data of the achievement test was used for testing the
research hypothesis 1. For testing this research hypothesis, the students’ achievement

score after using the revised unit was used for comparing with the students’
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achievement score before using the revised unit of the achievements test by using t-test
for one sample statistics as shown in TABLE 11.

The results of the first hypothesis testing represented by students’
achievement scores after studying the revised unit were significantly different at 0.05
level of significance above the students’ achievement scores before studying the
revised unit. This indicated that the students’ achievement mean scores after using the
revised unit were statistically higher than the students’ achievement mean scores before
using the revised unit in the same group at 0.05 level of significance. This result
indicated that the achievement of the students was improved after using the revised unit
compared to the achievement scores before using this unit; therefore, the unit
implementation had the effectiveness on the students’ achievement on climate change.
However, students’ achievement score after using the revised unit in unit 3 was not
significantly different at 0.05 level of significance above the students’ achievement
scores before studying the revised unit. Therefore, the researcher collected quantitative
data about this problem and found that most of the students replied that the glacier
issue in unit 3 rather difficult to understand and the items about the glacier issue in the

achievement test were difficult.

1.3 The testing research hypothesis Il

The second hypothesis stated, “Students who learn through the
climate change unit have significantly higher post-test scores of learning achievement
than students who do not learn in such unit.” According to this hypothesis, it was
expected that students who participated in the revised unit would gain the achievement
scores of the post-test higher than the post-test scores of students who do not
participated in the revised unit.

The gathered data of the achievement test was used for testing the
research hypothesis 2. For testing this research hypothesis, the students’ achievement
score after using the revised unit of experimental group was used for comparing with
the students’ achievement score without using the revised unit of control group of the

achievements test by using t-test as shown in TABLE 12.
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TABLES 12 THE COMPARISION OF THE STUDENTS’ ACHIEVEMENT MEAN
SCORE OF POST-TEST OF EXPERIMENTAL GROUP AND CONTROL

GROUP.
Number | Post-test scores of | Post-test scores of
Units of experimental group control group D t a
items Mean S.D. Mean S.D.
1 5 4.25 1.37 3.06 2.41 1.19 | 3.53 | 0.05
2 5 3.24 1.69 1.80 1.28 144 | 475 | 0.05
3 5 2.03 1.45 1.68 0.73 1.35 | 2.59 |0.05
4 5 3.47 1.93 1.94 1.26 153 | 5.84 |0.05
5 5 3.30 1.29 1.49 1.81 1.81 | 6.92 | 0.05
6 5 3.38 1.40 1.85 1.69 153 | 4.88 | 0.05
7 5 4.06 1.84 2.19 1.46 222 | 7.16 | 0.05
8 5 4.1 1.93 2.36 1.36 1.75 | 593 |0.05
Total 40 27.84 3.48 16.37 4.53 11.37 | 4.87* | 0.05

tos; ar77) = 1.990

The results of the secondary hypothesis testing represented by

students’ achievement scores after studying the revised unit of experimental group were

significantly different at 0.05 level of significance above the students’ achievement

scores after studying the climate change without using the revised unit of control group.

This result indicated that the achievement of the students who studied climate change

by using revised unit was improved after using the revised unit compared to the

achievement scores of the students who studied climate change without using the

revised unit; therefore, the unit implementation had the effectiveness on the students’

achievement on climate change.



93

2. The students’ critical thinking skills
The critical thinking skills test was used to gather the data of students’ critical
thinking skills. This test was adapted from Cornell Critical thinking Test Level X that was
composed of 4 parts (71 multiple choice items). The gathered data of students’ critical
thinking skills and the research hypothesis testing are presented as follows:
2.1 The gathered data on students’ critical thinking skills

The critical thinking skills test was used to collect data of both
experimental group and control group at the beginning and at the end of the class. The
students’ critical thinking skills mean scores before and after using the revised unit in
each question and the results of t-test dependent for pair sample statistics analysis
were presented in TABLE 13. More details of the students’ critical thinking skills scores
in the main study group are presented in Appendix C.

2.2 The testing of research hypothesis lll
The third hypothesis stated, “Students who learn through the climate
change unit have significantly higher post-test scores of critical thinking skills than pre-
test scores.” According to the third hypothesis, it was expected that students who
participated in the revised unit gain the post-test scores of critical thinking skills higher
than the pre-test scores.

To test this hypothesis, the critical thinking skills test was used to collect
data of experimental group at the beginning and the end of the class. The answers
were scored using a rubric scheme. The students’ post-test mean scores of critical
thinking skills after using the revised unit was used to compare with the pre-test scores
of critical thinking skills by using t-test for one sample statistics. The results showed that
the students’ post-test mean scores of critical thinking skills after using the revised unit
were significantly different at 0.05 level of significance above the pre-test scores of

critical thinking skills as shown in TABLE 13.
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TABLE 13 THE COMPARISION OF THE STUDENTS’ CRITICAL THINKING SKILLS
MEAN SCORES BEFORE AND AFTER USING THE REVISED UNIT OF THE
EXPERIMENTAL GROUP.

Before using the After using the

Critical thinking skills revised unit revised unit

Full score

O
S

Mean S.D. Mean S.D.

1. Induction 23 9.50 2.71 18.42 1.37 8.92 6.62 0.05

2. Credibility of sources 24 10.03 2.85 18.92 1.58 8.89 4.32 0.05

& observation

3. Deduction 14 5.34 1.63 9.82 1.00 4.48 2.9 0.05

4. Assumption 10 3.34 1.44 7.53 0.89 4.19 6.00 0.05

Identification

Total 71 28.21 4.34 54.68 2.75 25.95 3.63* | 0.05

t(.05; df37) = 1.684

In conclusion, the students’ scores in each critical thinking skill and in
total mean score after using the revised unit were statistically higher than the students’
mean scores before using the revised unit in the same group at the 0.05 level of
significance. The conclusion from these results indicated that the students’ critical
thinking skills were improved after using the revised unit compared to the scores before
using this unit.

2.3 The testing of research hypothesis IV

The fourth hypothesis stated, “Students who learn through the climate
change unit have significantly higher post-test scores of critical thinking skills than
students who do not learn in such unit.” According to this hypothesis, it was expected
that students who participated in the revised unit would gain the critical thinking skills
scores of the post-test higher than the post-test scores of students who do not
participated in the revised unit.

The gathered data of the critical thinking skills test were used to test
the research hypothesis 4. For testing this research hypothesis, the students’ critical

thinking skills score after using the revised unit of experimental group was used for
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comparing with the students’ critical thinking skills score without using the revised unit

of control group of the critical thinking skills test by using t-test as shown in TABLE 14.

TABLE 14 THE COMPARISION OF THE STUDENTS’ CRITICAL THINKING SKILLS
MEAN SCORE OF POST-TEST OF EXPERIMENTAL GROUP AND CONTROL

GROUP.
g Post-test scores of Post-test scores
Critical thinking skills E experimental group of control group
2 D t a
Mean S.D. Mean S.D.
1. Induction 23 18.42 1.37 9.43 2.74 8.99 9.61 | 0.05
2. Credibility of sources 24 18.92 1.58 9.40 3.14 9.52 3.28 | 0.05
& observation
3. Deduction 14 9.82 1.00 5.05 2.25 4.77 8.33 | 0.05
4. Assumption 10 7.53 0.89 3.38 1.49 4.20 3.27 | 0.05
Identification
Total 71 54.68 2.75 27.20 5.30 27.48 | 9.36* | 0.05

t0s; ar77) = 1.990

The results of the fourth hypothesis testing represented by
students’ critical thinking skills scores after studying the revised unit of experimental
group was significantly different at the 0.05 level of significance above the students’
critical thinking skills scores after studying the climate change without using the revised
unit of control group. This result indicated that the critical thinking skills of the students
who studied climate change by using revised unit were improved after using the revised
unit compared to the critical thinking skills scores of the students who studied climate
change by without using the revised unit; therefore, the unit implementation had the

effectiveness on the students’ critical thinking skills on climate change.

3. The students’ opinion toward the revised unit
The questionnaire of students’ opinion toward the revised unit which
consisted of 22 items of five Likert scale. The gathered data of students’ opinion toward

the revised unit and the research hypothesis testing are presented as follows:
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3.1 The gathered data on students’ opinion toward the revised unit

The research methodology of this hypothesis test was post-test

only design by using the students’ opinion questionnaire toward the revised unit. After

implementing the revised unit, the data were collected by using the questionnaire of

students’ opinion toward the revised unit. The mean score, standard deviation, and the

result of evaluation are presented in TABLE 15.

TABLE 15 STUDENTS’ OPINION TOWARD THE REVISED UNIT

List of evaluation

Result (N= 38)

Mean S.D. Interpretation

The teacher

1. The teacher explained the various learning 4.23 0.69 High level
activities for students understand to do
clearly.

2. The teacher devided students in to groups 4.49 0.66 High level
suitably for doing the various learning
activities.

3. The teacher advised and guided students to 4.46 0.66 High level
do the learning activities well and thoroughly.

4. The teachers encouraged students to be 4.09 0.70 High level
active for doing the learning activities.

5. The teachers can allocate time to learn and 4.31 0.68 High level
do the learning activities.

The content

6. Content’s level of difficulty appropriate to 4.26 0.74 High level
students' abilities.

7. Content matches with interest and needs of 4.31 0.76 High level
students.

8. Content is arranged to be easily understood 417 0.79 High level
for the students.

9. The content is appropriate for the students’ 4.29 0.83 High level

study time.
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List of evaluation

Result (N= 35)

Mean S.D. Interpretation
10. Content is up to date and suitable to be 4.40 0.74 High level
applied in everyday life.
The learning activities 4.34 0.76 High level
11. Students understand the purpose of the
learning activity as well.
12. Learning activities are interesting and 4.26 0.74 High level
stylish.
13. Learning activities help students to 4.51 0.66 Highest level
understand the content better.
14. Students can participate in learning activities 4.49 0.66 High level
together.
15. Students exchanged opinions with each 4.48 0.78 High level
other.
16. Learning activities encouraged students to 4.40 0.74 High level
develop critical thinking skills.
17. Students practiced skill of communication 4.34 0.76 High level
between members such as leadership,
deciding, solving problem etc..
18. Students followed learning activities 4.29 0.71 High level
sequentially.
The measurement and evaluation.
19. The evaluation of individual students and 4.23 0.78 High level
the group is appropriate.
20. Evaluation of learning activities and 4.31 0.80 High level
discussions of the work is appropriate.
21. Students know criteria for evaluation of 4.63 0.60 Highest level
achievement and learning activities as well.
22. Assessment covers learning content as well. 4.46 0.78 High level
Total 4.36 0.73 High level
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The results from the question items in the questionnaire of the students’
opinion toward the draft unit showed that the students’ opinions toward the draft unit
after learning with this unit were satisfying at a high level in 20 items and at the highest
level in 2 items. The mean score of each statement items were analyzed by using t-test
for one-sample statistics, which compared to the criterion setting at a high level

(Prakong, 1993:85). The results are summarized in TABLE 16.

3.2 The testing of the research hypothesis V

The fifth hypothesis stated that “Students’ opinion scores toward the
revised unit after using the unit was implemented are at a high level.” According to this
research hypothesis, it was expected that the participating students gained positive
opinions toward learning climate change in a high level after they participated in the
revised unit.

To test the fifth of research hypothesis, the mean score of students’
opinions toward the revised unit was used to test with one sample t-test statistic which
compared to the high level of the criterion setting at high level (Prakong, 1993: 85). The

results of analysis are presented in TABLE 16.

TABLE 16 THE COMPARISON OF STUDENTS’ OPINION TOWARD THE CLIMATE
CHANGE UNIT TO ENHANCE CRITICAL THINKING SKILLS MEANS SCORE
AND THE CRITERION AFTER USING THE REVISED UNIT OF THE
EXPERIMENTAL GROUP

The question items analysis Criterion Mean S.D. t a

After using the revised unit 3.51 4.36 0.73 | 6.89 | 0.05

t 05 af 37) = 1.684

The student opinion scores toward the revised unit after using

the unit were significantly higher at the 0.05 level of significance.
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4. The teachers’ opinion toward the revised unit

To assess the teachers’ opinion toward the unit, the questionnaire of
teachers’ opinions toward the revised unit was used at the end of using the revised unit.
The questionnaire was 28 items with a Likert-scale type scale. The gathered data of
teachers’ opinions toward the revised unit and the research hypothesis testing are
presented as follows:

4.1 The gathered data on teachers’ opinion toward the revised unit

The participating teachers who participated in this unit

development and its implementation were asked to express their opinions toward the

revised unit. The results of evaluation of teacher’ opinions are presented in TABLE 17.

TABLE 17 TEACHERS’ OPINION TOWARD THE REVISED UNIT

Result
List of evaluation
Score Interpretation
1. The unit is appropriate and clear for the students. 4 High level
2. The activities in the learning unit are suitable for 4 High level
students.
3. The content in the learning unit is in the order of 4 High level
difficulty and suitable for students.
4. The content in the learning unit is accuracy. 5 Highest level
5. The learning contents of the learning unit can be 4 High level
applied in the daily life of students.
6. The learning unit is accordant with the needs and 5 Highest level
interests of students, parents, community and school.
7. The learning unit is consistent with the objectives of 4 High level
the course.
8. The learning units can be linked to academic 4 High level
knowledge with real experiments.
9. The learning unit helps students to think critically and 5 Highest level
solve problems systematically.
10. The learning unit helps students study and seek for 5 Highest level
knowledge on their own.
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List of evaluation

Result

Score Interpretation

11. There are the various sources for the study of 4 High level
learning to students.

12. The students are encouraged to do activities for 4 High level
developing knowledge and skills outside the
classroom.

13. There are media and technology to enhance 4 High level
learning for students adequately

14. The instructional management is supplemented with 4 High level
ethics for students.

15. School should offer continuously for learning and 4 High level
teaching the climate change for students.

16. The activities in learning unit that uses an 5 Highest level
interdisciplinary approach can develop critical
thinking for students.

17. The instructional management in climate change 5 Highest level
unit using an interdisciplinary approach is
appropriate to the students.

18. The teacher can manage various experiments in 4 High level
learning unit by herself as well.

19. The students can understand the contents in 4 High level
learning unit better through activities and
experiments.

20. The students can do the experiment by themselves 4 High level
as well while the teachers give some
recommendations.

21. Providing students presented the results of the 5 Highest level
activities and experiments are very useful for them.

22. the students can summarize and discuss the results 4 High level

of activities and experiments by themselves.
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TABLE 17 (continued)

Result
List of evaluation
Score Interpretation
23. Providing students have designed the presentations 5 Highest level
of results of activities and experiments were very
useful for them.
24. The teachers need to advise on finding the 4 High level
conclusions of the results of experiments and
activities to students.
25. Providing students gather knowledge from the 5 Highest level
discussions of other groups are very useful to the
students.
26. The learning process in learning unit is interesting. 5 Highest level
27. The learning process in climate change unit can be 5 Highest level
applied to other disciplines.
Mean scores of overall items 4.41 High level

From the TABLE 17, the result of teachers’ opinion toward the revised
unit after using the revised unit showed mean scores of overall items are 4.41 indicating
that the teachers’ opinions toward the revised unit were satisfying with the revised unit
implementation at a high level.

In addition, the qualitative data of the teachers’ opinions toward the
revised unit are summarized in three main points as follows:

1) The results of instruction, the participating teacher were satisfied with
the unit because the learning activities were interesting and students were fun when
doing activities. She gave the opinion that using the climate change unit made students
realize the effect between climate change and their life. In unit implementation, the
learning activities helped the students understand the phenomenon of climate change.
The students were more attentive and better cooperated in learning and doing the
activities especially by doing group working because the learning activities were
interesting and challenging. The results of classroom observations revealed that the

teacher taught well to encourage the students’ curiosity and to facilitate the students’
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learning. This was an inspiration to the students to have fun and learn actively. For all
of those reasons, the classroom atmosphere was good because the students enjoyed
learning and had more fun in doing the activities. The learning activities also improved
students’ climate change knowledge and their critical thinking skills. The overall opinions
of participating teacher with the instruction according to the revised unit were good.

2) The problems of unit implementation, the problems that the
participating teacher faced are as follows:

2.1 The setting time of activities according to the unit was
appropriate but some of the activities ran over setting time because the students spend
more time doing activities.

2.2 Although most students loved to do activities, some students
did not want to do activities and complete their paper work and to express and share
their ideas to their group and classroom. So sometimes the teacher had to punish them.

2.3 Some topics were too difficult for students because students
had never known some topics before.

2.4 The teachers who want to use this unit should have good
knowledge on climate change as well.

3) The participating teacher claimed that the unit was appropriate for a
few small groups because instruction should have longer time for students’ thinking and
discussion in a classroom. More details of the teachers’ opinions toward the unit are
presented in Appendix D

4.2 The testing of research hypothesis VI

The sixth research hypothesis stated, “Teachers’ opinion scores
toward the revised unit after using the unit was implemented are at high level.”
According to this hypothesis, it was expected that the participating teacher gained a
positive opinion toward the implementation of the revised unit at a high level.

To test the sixth research hypothesis, the mean score of
teachers’ opinions in total score were used for testing with t-test for one sample
statistics, which were compared to the criterion setting at a high level (Prakong, 1993:

85). The summary details of the results are presented in TABLE 18.
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TABLE 18 THE COMPARISON OF THE MEAN SCORES OF TEACHER’'S OPINION
TOWARD THE CLIMATE CHANGE UNIT AFTER USING THE REVISED UNIT
AND THE CRITERION

Criterion Mean S.D. t a

3.51 4.41 0.50 9.35 0.05

The results of the sixth research hypothesis testing represented by the
participating teacher’'s opinion mean scores after using the revised unit were
significantly higher at the 0.05 level of significance. In addition, the analysis results of
qualitative data from participating teachers comment in the questionnaire of teachers’
opinions toward the unit indicated that the participating teachers were satisfied with the
instruction according to the revised unit and the related instruction materials. This result
supported the sixth research hypothesis which means the participating teacher’s opinion

toward the unit were at the high level of satisfaction in using the unit.

Summary of the research findings

The gathered results from the revised unit implementation were
evaluated for the effectiveness of the unit on students’ achievement, students’ critical
thinking skills, students’ opinion towards the unit and the teachers’ opinion towards unit
by testing six research hypotheses. The results of the unit evaluation after
implementation of the unit indicated that:

1. The students’ achievement scores after studying the revised unit of
experimental group was significantly different at the 0.05 level of significance above the
students’ achievement scores before studying the revised unit in the same group.

2. The students’ achievement scores after studying the revised unit of
experimental group was significantly different at the 0.05 level of significance above the
students’ achievement scores after studying the climate change without using the
revised unit of control group.

3. The students’ scores of experimental group in each critical thinking
skill and in total mean score after using the revised unit were statistically higher than
the students’ mean scores before using the revised unit in the same group at the 0.05

level of significance.
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4. The students’ critical thinking skills scores after studying the revised
unit of experimental group was significantly different at the 0.05 level of significance
above the students’ critical thinking skills scores after studying the climate change
without using the revised unit of control group.

5. The student opinion scores toward the revised unit after using the unit
were significantly higher at the 0.05 level of significance.

6. The participating teacher's opinion mean scores after using the
revised unit were significantly higher at the 0.05 level of significance.

The results of evaluation on effectiveness of the unit implementation
indicated that the climate change unit for lower secondary students enabled students to
develop their understanding on climate change and enhanced their critical thinking
skills. The participating students and teachers were satisfied with the unit
implementation at a high level. The results of the research findings supported all of the
research hypotheses in this study, which means the unit was a unit for implementation

in the classroom.



CHAPTER 5
CONCLUSIONS, DISCUSSIONS and RECOMMENDATIONS

This is the concluding chapter of the research study on the development critical
thinking skills with interdisciplinary approach in the climate change unit for lower
secondary students. It is presented in 3 sections as follows: section 1: the conclusions

of the study, section 2: discussions, and section 3: recommendations.

Section 1: The Conclusions of the Study

The main ideas behind the study were to develop critical thinking skills by
various activities through any disciplines and to bridge the gap between activities in any
discipline and critical thinking skills. In order to achieve this idea, the unit was
developed to help students develop their understanding in climate change which is
advanced for students and enhance their ability to use climate change knowledge with
various activities in any disciplines for developing critical thinking skills. Therefore, the
purposes of this study were as follows:

1. To develop the climate change unit with interdisciplinary approach to
enhance critical thinking skills for lower secondary students.

2. To study the implementation of the climate change unit with
interdisciplinary approach to enhance critical thinking skills for lower secondary
students.

3. To evaluate the effectiveness of the unit on students’ understanding
of climate change, students’ critical thinking skills, students’ opinions toward the unit,
and teachers’ opinions toward the unit.

The hypotheses of this study were as follows:

1. Students who learn through the climate change unit have significantly
higher post-test scores of learning achievement than pre-test scores.

2. Students who learn through the climate change unit have significantly
higher post-test scores of learning achievement than students who do not learn in such
unit.

3. Students who learn through the climate change unit have significantly

higher post-test scores of critical thinking skills than pre-test scores.
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4. Students who learn through the climate change unit have significantly
higher post-test scores of critical thinking skills than students who do not learn in such
unit.

5. Students’ opinion scores toward the revised unit after using the unit
was implemented are at a high level.

6. Teachers’ opinion scores toward the revised unit after using the unit

was implemented are at a high level.

1.1 Research Methodology
Three stages of research procedures to develop the climate change unit
with interdisciplinary approach to enhance critical thinking skills for lower secondary
students are described as follows:
1.1 .1 Unit development stage

The unit in this study was developed in five steps: 1) studying
the basic information, 2) designing a draft unit, 3) evaluating the draft unit by experts, 4)
piloting the draft unit and 5) revising the draft unit. The details of the results of each
step are summarized as follows:

Step 1 Studying of the basic information: This step started with
studying and analyzing the related documents regarding the unit development. The
gathered data were used to indicate the students’ prior skills on critical thinking, to
guide the selecting of the appropriate climate change content and activities, and to
select the appropriate approach and assessments.

Step 2 Designing a draft unit: The analysis of the results of the
basic information was used to design the unit components which consisted of: 1) unit
principle, 2) learning outcomes, 3) climate change contents and learning activities, 4)
lesson plans and 5) unit assessment and evaluation. All of the draft unit components
were developed based on the critical thinking models [2(CPA) model], interdisciplinary
approach and critical thinking framework.

Step 3 Evaluating of the draft unit by experts: Before using the
draft unit in the pilot study, the quality of the draft unit was evaluated and verified by
three experts, namely, a science education teacher, a education teacher, and a teacher
who taught climate change, regarding the appropriateness and consistency of the draft

unit.
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Step 4 Piloting the draft unit: The draft unit was tried out in the
pilot study for testing the quality of the draft unit. The draft unit was used as a part of a
science course for 7th grade students at Kohsirae School for 10 weeks of the first
semester of the 2013 academic year. This unit was designed to have three learning
periods per week. The total time using the draft unit was 24 learning periods (8 weeks)
for instructing with lesson plans and 4 learning periods (2 weeks) at the beginning and
at the end of the draft implementation for gathering data for revising the draft unit.

Step 5 Revising the draft unit: The gathered data from the pilot
study were used for revising the draft unit. The draft unit was adjusted for suitable time
for doing the activities and revision of the wording of the draft unit and avoiding the
ambiguity.

1.1.2 Unit implementation stage

The revised unit was implemented for two classes of 7th grade
students (experimental and control groups) who enrolled in this study in the first
semester in the 2013 academic year at Banthongkha School. The total time for teaching
and learning with the revised unit was 10 weeks of 28 learning periods (8 weeks) for
instructing with lesson plans and 4 learning periods (2 weeks) at the beginning and at
the end of the revised unit implementation for gathering data on the effectiveness of the
revised unit. After the revised unit was used, the data for unit evaluation were gathered
by using the achievement test, critical thinking skills test, students’ opinions toward the
unit questionnaire, and teachers’ opinions toward the unit questionnaire.

1.1.3 Unit evaluation stage

The gathered data from the revised unit were of both quantitative
and qualitative types. For testing the research hypotheses, the quantitative data were
used for analyzing by using the program of Statistic Package for the Social Science
(SPSS). The collected quantitative data were analyzed and tested by t-test. For
examining other effects of the revised curriculum implementation, the qualitative data

were used for analyzing in terms of a content analysis.

1.2 Research Finding
The research findings in each stage of the research methodology in this

study are concluded and presented as follows:
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1.2.1 The results of the unit development stage
The data from studying the relevant literature and the basic
information were used in designing the draft unit. Therefore, the draft unit and the
lesson plans were designed based on the 2(CPA) Model with emphasis on climate
change combined with interdisciplinary approach for developing critical thinking skills.
1.2.1.1 The draft unit was designed and developed including the
lesson plans and the assessment which are summarized and presented as follows:

1. The lesson plans consisted of the eight lesson plans
which used the 2(CPA) Model with emphasis on climate change combined with
interdisciplinary approach for developing critical thinking skills for the instruction.

2. The assessment tools developed for assessing the
effectiveness of unit implementation consisted of the achievement test on climate
change, the critical thinking skills test, the questionnaire of the students’ opinion toward
the unit, and the questionnaire of the teachers’ opinion toward the unit.

1.2.1.2. Before the draft unit was used in the pilot study, its
quality was verified by the experts. The results of the draft unit evaluation indicated that:

1. The appropriateness of the instructional plans was at the
high level regarding the gathered mean scores ranging from 4.00 to 4.33, which were
higher than the criteria (3.51). This result showed that the lesson plans were
appropriate for use and implementation within a classroom.

2. The consistency level of the unit components showed the
mean scores of IOC index from 0.67-1.00, which was higher than the criteria (0.50).
These results indicated that the unit components had consistency.

In conclusion, all of the results of the draft unit evaluated by experts
indicated that not only the mean scores of the appropriateness of the draft unit but also
the mean scores of the I0C of unit components were higher than the criteria score in all
items. Therefore, the draft unit was suitable for implementation in the classroom.

1.2.1.3 In the pilot study, the results after using draft unit with a
class of 7th grade students drawn from Kohsirae School indicated that the draft unit was
effective and appropriate for teaching and learning climate change content for
developing critical thinking skills in the classrooms. The mean scores of the participating

students’ opinion toward the draft unit after using the unit were significantly higher than
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3.51, the criterion setting at a high level (Prakong, 1993: 85), at the 0.05 level of
significance.

1.2.1.4 The draft unit was revised according to the results from
the pilot study by adjusting the time for each step of lesson plans as determined by the
researcher and collaborating teacher. Therefore, each lesson plan was revised to use 2
and 1 learning periods for 2 days in a week.

1.2.2 The results of the unit implementation stage

In the main study, the revised unit was implemented with 38
students of 7" grade at Banthongkha School for 8 weeks (3 learning periods/week) in
the first semester of the academic year 2013. This unit was implemented as a scientific
course which was taught by a teacher. The teacher had to teach climate change in both
experimental group and control group, the experimental group used the revised unit in
climate change contents for enhancing critical thinking skills but the control group
learned climate change without using the revised unit. The findings of the unit
implementation are presented as follows:

1.2.2.1 The students’ learning achievement

The students’ learning achievement test on climate

change was used for collecting data at the beginning and at the end of the revised unit
implementation. After the revised unit implementation, it was found that the students’
learning achievement scores of experimental group after using the revised unit were
significantly higher than those in the same group before using the revised unit at the
0.05 level of significance in all learning units. And the students’ post-test achievement
scores of experimental group after using the revised unit were significantly higher than
the students’ post-test achievement scores of control group that without using the
revised unit at the 0.05 level of significance.

1.2.2.2 The students’ critical thinking skills

At the beginning and at the end of using the unit, the

critical thinking skills test was used for collecting data from the participating students.
The result of the t-test indicated that the students’ critical thinking skills scores of
experimental group after using the revised unit were significantly higher than that in the
same group before using the revised unit at the 0.05 level of significance. And the
students’ post-test critical thinking skills scores of experimental group after using the

revised unit were significantly higher than the students’ post-test critical thinking skills
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scores of control group that without using the revised unit at the 0.05 level of
significance.
1.2.2.3 The students’ opinions toward the unit
The questionnaire of students’ opinions toward the
revised unit includes 22 statements of a five rating scale (Likert scale). The analysis of
the questionnaire showed that students’ opinions toward the revised unit were at a high
level of satisfaction in all items.
1.2.2.4 The teachers’ opinions toward the unit
The teachers’ opinions toward the unit after the unit
implementation were assessed in five domains including content, instruction,
instructional materials, assessment and overall unit by the questionnaire of teachers’
opinion toward the unit. The results of assessment of the teachers’ opinion showed that
the teachers’ opinions toward the revised unit were satisfied with the revised unit
implementation at a high level.
1.2.2.5 The qualitative data

The qualitative data which were used to examine other
effects of the unit implementation were gathered by using these research instruments:

1. The students gave the opinions in the students’ opinion
questionnaire toward the unit that the climate change content and activities were very
difficult but interesting to study. They were fun doing activities and interested in doing
experiments. The activities and experiments helped them to better understand concepts
in climate change content.

2. The students gave the opinions that activities in climate
change unit helped them to think critically about situations in critical thinking skills test.
They explained that after learning the climate change unit helped them can consider
better which choice is correct in critical thinking skills test.

3. The variety of learning activities and instructional materials
impressed the students and made them like learning with the unit.

4. In the teachers’ opinion questionnaire toward the unit:
After the unit implementation, the participating teacher expressed their opinions toward
the unit that the instruction methods in the unit were useful for instructing climate
change issues. This unit promoted the students realizing the relationship among

disciplines.
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5. The unit implementation was appropriate with a small
class. Problems with the unit implementation were some activities took so much time to
finish activities that some activities they cannot be finished in time, and the difficulty of
some topics.

1.2.3 The results of unit evaluation

The findings of the unit implementation indicated that this revised
unit was effective after testing the following research hypotheses:

1.2.3.1 Research hypothesis 1 stated students who learn through the
climate change unit have significantly higher post-test scores of learning achievement
than pre-test scores. The result of the first hypothesis testing found that student’
achievement scores after studying the revised unit was significantly different at the 0.05
level of significance above the students’ achievement scores before studying the
revised unit.

1.2.3.2 Research hypothesis 2 stated that students who learn
through the climate change unit have significantly higher post-test scores of learning
achievement than students who do not learn in such unit. The result of the second
hypothesis testing found that student’ achievement scores after studying the revised unit
of experimental group was significantly different at the 0.05 level of significance above
the students’ achievement scores after studying the climate change without using the
revised unit of control group.

1.2.3.3 Research hypothesis 3 stated that students who learn through
the climate change unit have significantly higher post-test scores of critical thinking skills
than pre-test scores. The result of the third hypothesis testing found that the students’
scores in each critical thinking skill and in total mean score after using the revised unit
were statistically higher than the students’ mean scores before using the revised unit in
the same group at the 0.05 level of significance.

1.2.3.4 Research hypothesis 4 stated that students who learn through
the climate change unit have significantly higher post-test scores of critical thinking skills
than students who do not learn in such unit. The result of the fourth hypothesis testing
found that students’ critical thinking skills scores after studying the revised unit of
experimental group was significantly different at the 0.05 level of significance above the
students’ critical thinking skills scores after studying the climate change without using

the revised unit of control group.
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1.2.3.5 Research hypothesis 5 stated that students’ opinion scores
toward the revised unit after using the unit was implemented are at a high level. The
result of the fifth hypothesis testing found that the student opinion scores toward the
revised unit after using the unit were significantly higher than before using the unit at
the 0.05 level of significance.

1.2.3.6 Research hypothesis 6 stated that teachers’ opinion scores
toward the revised unit after using the unit was implemented are at a high level. The
result of the sixth hypothesis testing found that the participating teacher’s opinion mean
scores after using the revised unit were significantly higher at the 0.05 level of

significance.

Section 2: Discussions

This research study developed the climate change unit with interdisciplinary
approach to enhance critical thinking skills. The results from this study agreed with the
six research hypothesis and indicated that the unit was effective on students’ critical
thinking skills, students’ achievement, students’ opinion toward the unit, and teachers’
opinion toward the unit. To give more detail on the unit effectiveness, in-depth analyses

were summarized and discussed according to these four effects of the unit as follows:

2.1 Students’ Learning Achievement on Climate Change

The first and second research hypotheses were supported because the
results of the unit implementation showed that the students’ achievement scores of
experimental group after using the unit were higher than the students’ achievement
scores before using the unit with statistical significance. And the students’ achievement
scores of experimental group after learning climate change using the unit were higher
than the students’ achievement scores of control group after learning climate change
without using the unit with statistical significance. The finding indicated that the
achievement of students was improved because of the revised unit implementation with
statistical significance. It means that after studying the unit, the students developed their
knowledge with statistical significance.

2.1.1 The improvement of students’ learning achievement of climate

change in the unit implementation was supported as follows:
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2.1.1.1 The unit's development started with identifying the desired
results (goals) which considered what students should gain during the unit
implementation. This agreed with Wiggins G. and McTighe J. (1998), Tyler (1994), and
Taba (1962) who argued that the curriculum development should begin with the ended
or the desired results of the curriculum rather than to begin with text book, or favored
lesson, the researcher applied this statement to develop climate change unit. The
desired results led to the selection of interesting topics, instructional materials,
appropriated approaches, and suitable assessment. Moreover, the content and activities
in this unit were designed and developed based on various textbooks including those in
Thailand and foreign countries.
2.1.1.2 The learning activities for enhancing critical thinking skills
were used as a main vehicle for designing and developing the climate change unit and
its related instructional materials. The learning activities of this study were provided in
such a way that students learned climate change knowledge and enhancing critical
thinking skills at the same time. The selected learning activities could make students
interested in learning the climate change contents related issues and to realize the
relationship between genetic knowledge and critical thinking skills. The interdisciplinary
approach is necessary for designing and developing learning activities. This
corresponded with Jones (2010: 1) who agreed that interdisciplinary approach has
many advantages such as, expanding student understanding and achievement between
all disciplines or enhancing communication skills, it also has disadvantages, such as
integration confusion and time-consuming curriculum preparation. Jacobe (1994: 10)
confirmed that a unit of study that uses the interdisciplinary approach enables teachers
to teach the whole student and make links between disciplines and one goal for this
approach is to give students a more relevant, less fragmented and stimulating
experience. Interdisciplinary approach help students not only understand climate change
content and increase achievement score but also connect knowledge to their life. This
corresponded with Duerr (2008: 177) who explains the importance of an interdisciplinary
approach to the life of a student by stating, “With interdisciplinary instruction, students
can become more involved in their learning. Therefore, the participating students’
achievement in this study was improved after studying with the unit.
2.1.2 Problems and suggestions on students’ learning achievement on
climate change during the study are described that even though the achievement of

students was improved after using the unit, the results from the informal interview with
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this student group and the discussion with the participating teacher revealed that the
success in studying with this unit depended on students’ attention to it. The research
finding was that most of the students liked to learn with this unit. However, some
students paid little attention to studying this unit because of three reasons as follows:

1) This unit used interdisciplinary approach; some students did not
like some disciplines. The researcher interviewed some students who paid little attention

in some activities as follows:

Researcher: Why did you pay little attention in this activity?

Students 1: | do not like science subject and | feel sleepy every time | learned
science issue

Student 2: | am not good at drawing. Therefore, when doing activities where |
have to draw and paint pictures, | will feel bored.

Student 3: | think that vocabulary in some content and activities are difficult. |
cannot remember vocabulary. When | have to learn some

content or activities that contain difficult vocabulary, | will feel bored.

2) Some of the participating students thought that climate change
was difficult to understand. Therefore, some students paid little attention in the unit. The
researcher interviewed some students who paid little attention in some activities as

follows:

Researcher: Why did you pay little attention in this activity?

Student 4: The climate change has a lot of content and activities. Therefore, |
think it is difficult to learn in the unit.

Student 5: | have never learned or known some content about climate change
before. Sometimes | cannot understand well in some content. When
| did not understand some content, | will not pay attention to that
content.

Student 6: The climate change had a lot of content that made me learn more
content. | think that it is difficult to learn all content in climate

change.
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The participating teacher needed to encourage this group of
students to make them interested and to study in the unit. Therefore, the success of
students’ learning achievement depended on their attention level in studying in the unit.
The learning outcomes of the students of high attention group were satisfying because
they really wanted to learn the unit. Therefore, the low attention group needed more

teachers’ facilitation and encouragement to make them succeed in the unit.

2.2 Students’ Critical Thinking Skills
The result of research indicated that the students’ critical thinking skills
were improved after studying the climate change unit to enhance critical thinking skills
with statistical significance. The third and fourth research hypotheses were supported
because the results of testing research hypothesis found that the students’ scores of
experimental group in each critical thinking skill and in total mean score after using the
revised unit were statistically higher than the students’ mean scores before using the
revised unit in the same group at the 0.05 level of significance. Also the students’
critical thinking skills scores after studying the revised unit of experimental group were
significantly different at the 0.05 level of significance above the students’ critical thinking
skills scores after studying the climate change without using the revised unit of control
group.
2.2.1 The findings of students’ critical thinking skills were supported by
the following:

2211 This unit with interdisciplinary approach enhanced the
improvement of students’ critical thinking skills because of using the climate change
unit.

2.2.1.1.1 The unit in this study was developed by using activities
for promoting critical thinking skills. Therefore, this unit was constructed with the
integration between the climate change content and critical thinking skills by using the
critical thinking model [2(CPA) Model]. This corresponded with Sternberg (1987: 258)
who noted that any critical thinking program “must cross disciplines, so that students
can see directly the relevance of these [critical thinking] principles across subject-matter
areas. And other educational researchers (Kavaloski 1979, Newell 1990, Field et al.
1994, Vess 2009) have identified interdisciplinary learning including gains in the ability
to think critically. This agrees with Toynton (2005: 110) who stated that for enhancing
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critical thinking, more than one context or one discipline needs to be encountered. If
educators insist on including “critical thinking” to the learning outcomes at the program
level, he asserts, they should make clear that the development of this skill requires
viewing “the approaches, products, and processes” of relevant disciplines “from a
detached and comparative viewpoint”’. Therefore, interdisciplinary instruction fosters
advances in critical thinking skills (Repko, 2009: 2).
2.2.1.2 The good environment in classroom during the unit

implementation was a factor affecting the improvement of critical thinking skills. The unit
provided active learning activities and the students were active in various activities. The
interactions of both the participating teacher with the students and the students with
students were warm and good. The students enjoyed studying with the unit and did not
fear expressing their ideas and their points of view. This classroom environment
occurred because the unit was implemented as a core course which made students
concentrate their attention and become enthusiastic. The learning activities according to
the unit implementation including various activities made students more interested and
cooperate well in learning and doing the activities. These reasons made the classroom
environment good and encouraged the students to think critically. This result from this
study agreed with the result of Thipatdee’s (1996) study which found the formal
implementation of enrichment curriculum on developing complex thinking ability could
inhibit students’ complex thinking behaviors.

2.2.2 Problems and suggestions on students’ critical thinking skills during
the study are described as follows:

2.2.2.1 The sample group in this study was the 7" grade students

at Banthongkha School where some students had low achievement in mathematics and
science. Although this unit used interdisciplinary approach and various activities in many
disciplines, climate change content is science content that the students will consider
both positive and negative effects of climate change unit which may occur in science
issues. However, this study revealed that most students in the sample group had a very
positive attitude toward science and technology and paid little attention to consider the
other aspects of science. During the unit implementation, the participating teacher
needed to encourage them to realize the negative effects of science. With this finding, a
future study of a comparison of the critical thinking skills among low achievers in

science, normal science students, and non-science students is advised.
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2.3 Students’ Opinion toward Unit

The result of the fifth research hypothesis tested found that the students’
opinion scores toward the lower secondary students on climate change to enhance
critical thinking skills after the unit implementation were significantly higher at the 0.05
level of significance. These findings were supported by the following:

2.3.1 The development of this unit used the climate change issues for
enhancing critical thinking skills which were found in the students’ life. The students
enjoyed and were interested in learning the unit for having more understanding on the
climate change issues. The interdisciplinary approach, the critical thinking model
[2(CPA) Model] and various activities in climate change made students realize the
benefits of learning in the unit and gain meaningful learning because they could link
their knowledge to their real world. This unit development agreed with Shepard, L.
(2007) who stated that “school learning should be authentic and connected to the world
outside of school not only to make learning more interesting and motivating to students
but also to develop the ability to use knowledge in real world setting.”

2.3.2 The unit implementation made students have fun during the
learning process. The students enjoyed learning with a variety of learning activities
according to the unit because they were active learners. These activities could be used
to support students’ understanding on climate change. The research found that the
learning activities which were very close to the students’ daily life made them pay more

attention.

2.4 Teachers’ Opinion toward the Unit

The result of the sixth research hypothesis tested found that the
teachers’ opinion scores toward the lower secondary students on climate change to
enhance critical thinking skills after the unit implementation were significantly higher at
the 0.05 level of significance.

2.4.1 These findings on teachers’ opinions toward unit were supported
by the following that the development of unit by using interdisciplinary approach and
critical thinking model [2(CPA) Model] as a main vehicle for construction both climate
change content and critical thinking skills made the unit effective with both achievement

and thinking critically. The unit made students realize the relationship between climate
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change and critical thinking skills in daily life. In this study, the participating teacher had
positive opinions on using the unit in classroom.
2.4.2 Problems and suggestions on teachers’ opinions toward the unit

are described as follows:

2.4.2.1 Even though most of the results on the teachers’ opinions
toward the unit were at a high and at the highest level but teacher stated that some
content was appropriately difficult for students. The reason could be some content in
the unit was normally found at the upper secondary level which made the content in unit
look difficult. However, the content in this unit was adjusted for the difficulty suitable for
the lower secondary students’ level and the instructional materials were used to make
student have more understanding with complex contents.

2.4.2.2 The finding results during the unit implementation indicated
that a classroom of 38 students in yi grade was too large for teaching with the unit.
The participating teacher stated that the unit was appropriate for implementation with a
small group with not over 30 students per classroom. Therefore, a future study on how
to use the unit with the bigger classroom size, normal classroom size in a normal

school (30-50 students per one classroom) is advised.

Section 3: Recommendations
This section provides suggestions for future education research that focuses on
enhancing critical thinking skills with interdisciplinary approach of frontiers any

disciplines into the future classroom.

3.1 Recommendations for Policy Making

3.1.1 The development of lower secondary unit on climate change to
enhance critical thinking skills had positive effects on the students’ achievement, their
critical thinking skills and their opinion toward the unit. Therefore, the school
administrators should give great importance to a unit development which emphasized
bringing academic content and critical thinking skills to the students. The school
administrators should encourage teachers to develop their own unit to promote learning
and critical thinking continuously by using the critical thinking model [2(CPA) Model]

with interdisciplinary approach to design their own unit.
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3.1.2 The director or school administrator should also support the
teachers for this development by organizing professional development programs to
enhance knowledge on unit development, new academic knowledge, instructional
techniques, and assessment and evaluation. These supports will enable teachers to
develop their own unit and to teach any disciplines more effectively.

3.1.3 The successful results of this unit development should be
supported and distributed to other schools, for teachers who wish to include academic

issues with critical thinking skills and interdisciplinary approach in their courses.

3.2 Recommendations for Apply the Results of This Study

3.2.1 Before beginning the unit to use in the classroom, teachers should
prepare themselves both to be familiar with the unit by studying the unit and its
instructional materials and to understand the unit content, critical thinking skills, and
interdisciplinary approach. If the teachers who wish to use this unit do not have a
background in climate change, the professional development on earth science and its
issues might be needed for the teachers’ implementation of the unit to be more
effective.

3.2.2 An active learning environment affects both the students’
achievement and the students’ critical thinking skills. The teachers can promote an
active learning environment by providing a clip about the effect of climate change in the
world which is a useful way to construct the unit. The teachers should encourage
students to express their ideas and points of view.

3.2.3 Teachers should study and analyze the target students on their
prior critical thinking skills and their level of achievement. The class will be more
interesting if activities in this unit are designed to follow their prior critical thinking skills

and their level of achievement.

3.3 Recommendations for further studies
There were several recommendations for future studies suggested by
the findings of this study as follows:
3.3.1 The study should be extended into a larger sample of subject

which consists of the different sample characteristics such as low, normal, and high
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level students. This would allow results to be generalized to the population of the
school.

3.3.2 The patterns of students’ critical thinking skills should be studied
for setting the standard level of this ability. It would be useful for a future study of critical
thinking skills shift.

3.3.3 The interdisciplinary approach and the critical thinking model
[2(CPA) Model] should be employed and its effectiveness should be further examined in
other science themes or non-science themes.

3.3.4 The study found the success of using the interdisciplinary
approach to improve critical thinking skills which was one type of higher-order thinking.
Therefore, the future study should be conducted on how to use the interdisciplinary
approach for improvement of others types of higher-order thinking such as problem
solving and creative thinking.

3.3.5 The future studies should investigate students who were taught by
this unit to study how they apply their knowledge and critical thinking skills in their life.
In addition, the students should be tested several times over a course of at least one

year for studying the retention time on students’ critical thinking skills.
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A1 The list of experts who examined and verified the research materials

This is a list of three experts who examined and verified the research materials

including the draft lesson plans, overall of the draft unit, consistency of the draft unit,

and consistency of the achievement test. The details of each expert were presented in

TABLE 19.

TABLE 19 LIST OF EXPERTS FOR VERIFY AND EXAMINING THE DRAFT UNIT

Name

Status

Qualifications

1. Dr. Wanphen Pratoomtong

- Lecturer

- Department of Curriculum
and Instruction, Faculty of
Education,

Srinakharintarawirot University

Ed. D.

(Science Education)

2. Dr. Suwit Khongpugdee

- Lecturer
- Department of Physics,
Faculty of Science,

Thaksin University

Ed. D.

(Science Education)

3. Wanlop Khongna

- Earth science teachers at
the Mahidol Wittayasusorn
School

M.Sc.
(Chemistry)
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A2 The list of experts who examined and verified the critical thinking skills test

This is a list of three experts who examined and verified the critical thinking

skills test. The details of each expert were presented in TABLE 20.

TABLE 20 LIST OF EXPERTS FOR VERIFY AND EXAMINING THE CRITICAL
THINKING SKILLS TEST

Name Status Qualifications
1. Dr. Tepporn Lomarak - Lecturer Ed. D.
- Faculty of Education at (Science Education)

Buriram Rajabhat

University.
2. Dr. Skonchai Chanunan - Lecturer Ed. D.
- Department of Education, (Science Education)

Faculty of Education at

Naresuan University

3. Dr. Washirasorn Saengsuwan | - Lecturer Ed. D.

- Head of Science Program, (Science Education)
School of Education,
Suan Sunandha Rajabhat

University
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A3 The list of teachers who participated in this study

The list of two participating teachers who involved in this study was teachers at
the lower secondary School. The details of the participating teachers were described as
in TABLE 21.

TABLE 21 GENERAL INFORMATION REGARDING PARTICIPATING TEACHERS IN
THE FIRST SEMESTER, 2013 ACADEMIC YEAR

Name Status Qualifications
1. Sukontha Pothong Science teacher at B.Ed.
Kohsirae School (Science)
2. Nisa Punlapa Science teacher at M.S.
Banthongkha School (Physics)




Appendix B: The results of evaluation on quality of

the research materials by the experts

B.1 The results of evaluation on appropriateness of the draft lesson plan
B.2 The results of IOC evaluation on the unit components
B.3 The results of evaluation on IOC, p value and D value of achievement

test items
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B.1 The results of evaluation on appropriateness of the draft lesson plan

TABLE 22 THE RESULTS OF EVALUATION ON THE APPROPRIATENESS OF

THE DRAFT LESSON PLANS

List of Evaluation

N

Mean

S.D.

Level of

appropriateness

Lesson plan 1: Atmosphere that

enveloped the world

1. The teaching-learning processes

were appropriate for the goal of unit.

4.00

0.00

High

. The activities were appropriate for

enhancing students’ critical thinking

skills.

4.33

0.58

High

. The activities were appropriate for

enhancing students’ achievement

4.33

0.58

High

. The instructional materials were

appropriate for the teaching-learning

process.

4.33

0.58

High

. The assessment and evaluation

were appropriate for the teaching-

learning process.

4.00

0.00

High

Lesson plan 2: The graph tells

relations climate

1.

The teaching-learning processes

were appropriate for the goal of unit.

4.00

0.00

High

. The activities were appropriate for

enhancing students’ critical thinking

skills.

4.00

0.00

High

. The activities were appropriate for

enhancing students’ achievement

4.33

0.58

High
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List of Evaluation

S.D.

Level of

appropriateness

Lesson plan 2: (continue)
4. The instructional materials were
appropriate

for the teaching-learning process..

5 4.33

0.58

High

5. The assessment and evaluation
were appropriate for the teaching-

learning process.

4 4.00

0.00

High

Lesson plan 3: Glaciers disappear
1. The teaching-learning processes were

appropriate for the goal of unit.

4 4.00

0.00

High

2. The activities were appropriate for
enhancing students’ critical thinking

skills.

4 4.00

0.00

High

3. The activities were appropriate for

enhancing students’ achievement

4 4.00

0.00

High

4. The instructional materials were
appropriate for the teaching-learning

process.

4 4.33

0.58

High

5. The assessment and evaluation were
appropriate for the teaching-learning

process.

4 4.00

0.00

High

Lesson plan 4 Ocean currents
1. The teaching-learning processes were

appropriate for the goal of unit.

4 4.00

0.00

High

2. The activities were appropriate for
enhancing students’ critical thinking

skills.

4 4.00

0.00

High

3. The activities were appropriate for

enhancing students’ achievement

4 4.33

0.58

High
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List of Evaluation

=3

Mean

S.D.

Level of

appropriateness

Lesson plan 4: (continue)

4. The instructional materials were

appropriate for the teaching-learning

process..

4.00

0.00

High

5. The assessment and evaluation

were appropriate for the teaching-

learning process.

4.00

0.00

High

Lesson plan 5: Back in time with the

ice bar

1.

The teaching-learning processes

were appropriate for the goal of unit.

4.00

0.00

High

. The activities were appropriate for

enhancing students’ critical thinking

skills.

4.00

0.00

High

. The activities were appropriate for

enhancing students’ achievement

4.00

0.00

High

. The instructional materials were

appropriate for the teaching-learning

process..

4.33

0.58

High

. The assessment and evaluation

were appropriate for the teaching-

learning process.

4.00

0.00

High

Lesson plan 6: Life in the greenhouse

1.

The teaching-learning processes

were appropriate for the goal of unit.

4.00

0.00

High

. The activities were appropriate for

enhancing students’ critical thinking

skills.

4.33

0.58

High

. The activities were appropriate for

enhancing students’ achievement.

4.00

0.00

High
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List of Evaluation

S.D.

Level of

appropriateness

Lesson plan 6: (continued)
4. The instructional materials were
appropriate for the teaching-learning

process.

4 4.00

0.00

High

5. The assessment and evaluation were
appropriate for the teaching-learning

process.

4 4.00

0.00

High

Lesson plan 7: Carbon footprint
1. The teaching-learning processes were

appropriate for the goal of unit.

5 4.33

0.58

High

2. The activities were appropriate for
enhancing students’ critical thinking

skills.

4 4.00

0.00

High

3. The activities were appropriate for

enhancing students’ achievement

4 4.00

0.00

High

4. The instructional materials were
appropriate for the teaching-learning

process..

4 4.00

0.00

High

5. The assessment and evaluation were
appropriate for the teaching-learning

process.

4 4.00

0.00

High

Lesson plan 8: Biome and climate
change
1. The teaching-learning processes were

appropriate for the goal of unit.

4 4.00

0.00

High

2. The activities were appropriate for
enhancing students’ critical thinking

skills.

4 4.00

0.00

High




TABLE 22 (continued)
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List of Evaluation N=3 Level of
3 Mean S.D. | appropriateness
Lesson plan 8: (continue)
3. The activities were appropriate for
enhancing students’ achievement 4.00 | 0.00 High
4. The instructional materials were 433 | 0.58 High
appropriate for the teaching-learning
process..
5. The assessment and evaluation were 4.00 | 0.00 High
appropriate for the teaching-learning
process.
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B.2 The results of IOC evaluation on the unit components

TABLE 23 THE UNIT CONSISTENCY EVALUATION

The item consideration N = Interpretation
E,| E, | E, | IOC | S.D.
1. The unit goal with the instructional plan. 1 1 1 [ 1.00 | 0.00 | Consistent
2. The unit goal with the content of unit. 1 1 1 [ 1.00 | 0.00 | Consistent
3. The unit goal with the assessment and 1 1 1 | 1.00 | 0.00 | Consistent
evaluation
4. The content of unit with the teaching- 1 1 1 [ 1.00 | 0.00 | Consistent
learning process
5. The teaching-learning process with 1 0 1 | 0.67 | 0.58 | Consistent
instructional materials
6. The learning activities with learning 1 1 1 [ 100 | 0.00 | Consistent
content
7. The learning unit with critical thinking 1 1 1 | 1.00 | 0.00 | Consistent
skills
8. The learning unit with interdisciplinary 1 1 1 [1.00 | 0.00 | Consistent
approach.
9. The learning unit with learning media. 0 1 1 10.67 | 0.58 | Consistent
10. the assessment and evaluation with 1 1 1 [ 1.00 | 0.00 | Consistent
critical thinking skills.




B.3 The results of evaluation on IOC, p value and

D value of achievement test items

TABLE 24 THE RESULTS’ EVALUATION OF THE ACHIEVMENT TEST
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No. | 10C p D Note No. | 10C p D Note
1 1.00 | 0.78 0.25 Can be use-1 31 1.00 0.02 | -0.05
2 0.34 | 0.83 0.15 32 0.67 0.55 0.20 Can be use-23
3 1.00 | 0.88 0.15 33 1.00 0.68 0.15
4 1.00 | 0.35 0.30 Can be use-2 34 1.00 0.38 0.15 Can be use-24
5 1.00 | 0.60 0.20 Can be use-3 35 1.00 0.68 0.45 Can be use-25
6 0.67 | 0.60 0.40 Can be use-4 36 1.00 0.80 0.20
7 0.67 | 0.23 0.45 Can be use-5 37 0.67 0.65 0.20 Can be use-26
8 1.00 | 0.80 0.00 38 1.00 0.60 0.30 Can be use-27
9 1.00 | 1.00 0.00 39 0.67 0.33 | -0.25
10 | 1.00 | 0.80 0.30 Can be use-6 40 1.00 0.35 0.20 Can be use-28
11 1.00 | 0.35 0.20 Can be use-7 41 1.00 0.65 0.20 Can be use-29
12 | 1.00 | 0.75 0.20 Can be use-8 42 1.00 0.23 0.15
13 | 0.67 | 0.68 0.35 Can be use-9 43 1.00 0.65 0.20 Can be use-30
14 | 1.00 | 0.77 0.25 Can be use-10 44 0.67 0.20 0.30 Can be use-31
15 | 1.00 | 0.80 0.40 Can be use-11 45 0.67 0.85 0.30
16 | 1.00 | 0.75 0.20 Can be use-12 46 1.00 0.85 0.00
17 | 1.00 | 1.00 0.00 47 1.00 0.45 0.30 Can be use-32
18 | 0.67 | 0.68 0.05 48 1.00 0.80 0.40 Can be use-33
19 | 1.00 | 0.80 0.20 Can be use-13 49 1.00 0.98 0.05
20 | 1.00 | 0.33 0.35 Can be use-14 50 1.00 0.80 0.20 Can be use-34
21 | 1.00 | 0.78 0.25 Can be use-15 51 1.00 0.80 0.30 Can be use-35
22 | 1.00 | 0.80 0.20 Can be use-16 52 1.00 1.00 0.00
23 | 1.00 | 0.78 0.25 Can be use-17 53 1.00 0.50 0.20 Can be use-36
24 | 1.00 | 0.75 0.20 54 0.67 0.88 0.15
25 | 1.00 | 0.75 0.10 55 1.00 0.65 0.20 Can be use-37
26 | 1.00 | 0.48 0.25 Can be use-18 56 1.00 0.63 0.05
27 | 1.00 | 0.80 0.20 Can be use-19 57 0.67 0.20 0.30 Can be use-38
28 | 1.00 | 0.68 0.65 Can be use-20 58 1.00 0.90 0.20
29 | 0.67 | 0.33 0.25 Can be use-21 59 1.00 0.38 0.35 Can be use-39
30 | 0.67 | 0.80 0.40 Can be use-22 60 1.00 0.75 0.20 Can be use-40




Appendix C: The gathered data from the study

C.1 The gathered data of achievement test

C.2 The gathered data of the critical thinking skills test



C.1 The gathered data on student’s achievement test
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TABLE 25 THE STUDENTS’ ACHIVEMENT SCORE BEFORE AND AFTER USIGN

THE UNIT IN PILOT STUDY GROUP

Before using After using Before using After using
Students the unit the unit Students the unit the unit
(40 items) (40 items) (40 items) (40 items)

1 15 23 21 15 33
2 6 19 22 7 21
3 14 28 23 3 16
4 13 25 24 17 32
5 6 22 28 8 19
6 18 32 26 16 26
7 9 23 27 12 28
8 14 2 28 14 30
9 ) 28 29 13 29
10 5 18 30 I 22
11 13 24 31 9 25
12 4 20 32 13 21
13 11 18 B 14 30
14 14 19 34 6 18
15 16 22 35 15 30
16 8 18

17 13 28

18 14 26

19 16 30

20 7 22
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TABLE 26 THE STUDENTS’ ACHIVEMENT SCORE BEFORE AND AFTER USING
THE UNIT IN EXPERIMENTAL GROUP

Before using After using Before using After using
Students the unit the unit Students the unit the unit
(40 items) (40 items) (40 items) (40 items)

1 17 35 21 5 26
2 12 26 22 16 29
3 8 27 23 20 35
4 5 24 24 7 27
5 8 _ 25 5 22
6 8 28 26 6 28
7 13 27 F If 7 25
8 13 30 28 10 26
9 12 28 29 19 36
10 18 31 30 7 27
11 15 29 31 20 33
12 10 27 32 16 24
13 18 27 33 20 34
14 17 30 34 4 27
15 13 26 35 13 29
16 5 25 36 11 28
17 18 26 37 12 29
18 16 25 38 21 27
19 3 19

20 18 29
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TABLE 27 THE STUDENTS’ ACHIVEMENT SCORE BEFORE AND AFTER USING

THE UNIT IN CONTROL GROUP

Before using After using Before using After using
Students the unit the unit Students the unit the unit
(40 items) (40 items) (40 items) (40 items)
1 11 13 21 11 14
2 11 14 22 13 20
3 10 12 23 18 20
4 9 11 24 11 12
5 10 19 25 18 19
6 8 10 26 11 15
7 15 18 27 22 24
8 6 8 28 13 14
9 15 17 29 15 20
10 16 17 30 13 16
11 13 16 31 21 26
12 13 16 32 5 11
13 16 17 33 il5 16
14 7 10 34 8 15
15 17 25 35 12 18
16 19 24 36 16 19
17 20 % 37 9 13
18 10 14 38 15 19
19 11 13 39 16 15
20 14 12 40 7 9
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C.2 The gathered data of the critical thinking skills test

TABLE 28 THE STUDENTS’ CRITICAL THINKING SKILLS SCORE BEFORE AND

AFTER USIGN THE UNIT IN PILOT STUDY GROUP
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TABLE 28 (Continued)

After using the unit
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TABLE 29 THE STUDENTS’ CRITICAL THINKING SKILLS SCORE BEFORE AND

AFTER USIGN THE UNIT IN EXPERIMENTAL GROUP

(sway 12)
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TABLE 29 (Continued)

(sway 12)
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TABLE 30 THE STUDENTS’ CRITICAL THINKING SKILLS SCORE BEFORE AND

AFTER USIGN THE UNIT IN CONTROL GROUP

(sway 12)
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TABLE 30 (continued)

After using the unit
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Appendix D: The Assessment tools

D.1 The achievement test on climate change
D.2 The critical thinking skills test
D.3 The questionnaire of students’ opinions toward the unit

D.4 The questionnaire of teacher’ opinions toward the unit



D.1 The achievement test on climate change
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D.2 The critical thinking skills test

This is the partial critical thinking skills test that adapting from Cornell Critical

Thinking Test Level X for lower secondary students
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Step 1: Clarification & Challenge
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Step 2: Data collection
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Step 3: Judging & Processing Information
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Step 4: Inference
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Step 5: Applying Knowledge
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Step 6: Assessment
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