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The objectives of this study were 1) to develop the CPS learning model for seventh
grade students on “Matter and Properties of Matter’, and 2) to study the effects of
implementing the CPS learning model as the follows:

2.1) to study the effects of interaction between the learning models and the
students’ prior knowledge levels on students’ creative problem solving skill,

2.2) To study the effects of the CPS learning model on students’ learning
achievement, scientific creativity skill;*creative problem solving skill, and scientific attitudes,

2.3) To study the*effects “of the prior knowledge levels of students who learn
through the CPS learning model.on the creative problemsolving skill.

The CPS learning model was developed basedion®the creative problem solving
approach and five essential featuresrofiinquiry: The:key strategy of the CPS learning model
is depending on real life problemisituations to provide students, with opportunities to practice
creative and logical thinking through five learning steps: “engaging, problem exploring,
solutions creating, plan executing, and=concepts examining.

The research design of.Pretest-Posttest Control<Group Design was used as a step
toward the implementation of the CPS'learning-model. The subjects were two classrooms of
seventh grade students. One classroom was designed as the control group (48 students),
which was taught with the conventional learning model and the other was designed as the
experimental group (46 students), which was taught with the CPS learning model. The
research tools consisted of the learning achievement test, the scientific creativity test, the
creative problem solving test, the creative problem solving self assessment form, and the
scientific attitude inventory. The collected data were analyzed using mean values, standard
deviation, t-test for independent sample, repeated measures Analysis of Variance (ANOVA),
Analysis of Covariance (ANCOVA), and Nonparametric Statistics.

The results revealed that:

1) There was no interaction between the learning models and the students’
prior knowledge levels on the students’ creative problem solving skill.

2) Comparison between the experimental and control groups showed that:



2.1) Overall, the students in the experimental group had higher learning
achievement, scientific creativity skill, creative problem solving skill, and scientific attitudes
than the students in the control group with a statistically significant difference at the .05
level.

2.2) Considering each level of learning achievement including level I:
“Recall and Reproduction”, level Il: “Skills and Concepts”, level Ill: “Strategic Thinking”, and
level VI: “Extended Thinking”, the finding indicated that the students in both groups were
not different in the level | whereas for other levels the students in the experimental group
had higher scores than the students in the control group with a statistically significant
difference at the .05 level.

2.3) Considering each aspect of scientific creativity skill including aspects
of fluency, flexibility, and originality and creative problem solving skill including aspects of
fluency, flexibility, originality’ and reasoning, the finding indicated that the students in the
experimental group had higher scientific creativity and .creative problem solving skills than
the students in the control group-with a statistically significantly difference at the .05 level in
all aspects.

2.4) Considering eachrstatement:of scientific attitudes including statements
of “Scientific knowledge”y “Almighty of science and iscientists”, “Scientific methodology”,
“Functions of science”, “Science liberal education’; ands “Science interests and science
careers”. The finding indicated thatythe students_in both groups were not different in the
statement of “Scientific knowledge” and “Functions_of‘science” whereas for other statements
the students in the experimental group had higher scores than the students in the control
group with a statistically significant difference at the .05 level.

3) Consideration of the CPS learning model showed that:

3.1) The students who had different prior knowledge levels (high, medium,
low) had a significant difference at the .05 level on scientific creativity skill, and creative
problem solving skill after completing the CPS learning model. Particularly, the group of high
prior knowledge level was obviously higher than the groups of medium and low prior
knowledge level.

3.2) The students who had different prior knowledge levels (high, medium,
low) had significantly increased at the .05 level on learning achievement, scientific creativity
skill, creative problem solving skill, and scientific attitudes after completed the CPS learning

model.
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CHAPTER 1
INTRODUCTION

Background

Scientific knowledge and rapid technology advancement have caused tremendous
changes in the globalization era. The important requirements for the future people are
sufficient knowledge in science and thinking skills especially problem solving and creative
thinking (Shinn. 2004). Education is a means to develop human potential for survival in
tomorrow’s world. Therefore, those involved in education should be aware of the changing
world and improve the instructional strategies to meet such situations and prepare the
students’ readiness for the future. As.a result, throughout the world, reform policies are
reshaping the context for educational®*management (Cheng; & Wong. 1996; Dimmock; &
Walker.1998). Like other countries, sThailand" promulgated the National Education Act B.E.
2542 (1999) that was regarded as the“national education: reform.

The National Education Act of 2542 and Amendments (Second Education Act B.E.
2545 (2002)) represent an unprecedented and. long over-due break from traditional Thai
educational norms, teacher-centered-classroom;—such" as.lecturing and rote learning and
instead set the foundationsfor'a more creative, questioning approach to studying that was
referred to as student-centered’ classroom:“The goals” are to foster morality, intellectual
development, happiness, competitive potential'and creative positive competition in the world
arena (Ministry of Education of Thailand. 2006). Moreover, the National Education Act
emphasizes a learning process that promotes students’ thinking abilities in order to prepare
them for the globalization. It states the main ideas about thinking abilities shown in section
24. The Act states that “educational institutions and agencies concerned shall: (1) provide
substance and arrange activities in line with the learners’ interests and aptitudes, bearing
individual differences in mind; (2) provide training in thinking processes, information
management, how to face various situations and to apply knowledge for obviating and
solving problems” (Ministry of Education of Thailand. 2006). Therefore, classroom
management and subject content matter must be changed for supporting students to
develop their own thinking as well as to construct their own knowledge. The education goal
is to allow all students to develop at their own pace and to their maximum potential. This

was supported by the Institute for the Promotion of Teaching Science and Technology with



a statement that science instruction should help students reach the educational goals
through a scientific approach which must be included in instructional methods.

Over a past decade of the education reform, many related problems were
reported. The Office for National Education Standards and Quality Assessment (Public
Organization) indicated that Thai education has limitations and problems about instructional
strategies. The major problems consist of (1) insufficient basic concepts in science, (2) lack
of thinking skills especially creative thinking skill and problem solving skill (Katesing. 2005;
Klainin. 2006; NIETS. 2007; NIETS. 2008; IPST. 2009).

The National Institute of Educational Testing Service (Public Organization) (NIETS.
2007, 2008) in Thailand (2007, 2008) reported the ninth grade students’ mean scores in
science of the Ordinary National Education Testing (O-NET) of 2007 and 2008 were
34.01% and 39.44%, respectively. In_addition, thesmean score of sub-strand 3, Matters and
Properties of Matters, was8.44 from25_points (NIETS: 2008). Also, the Third International
Mathematics and Science Study (TIMSS) evaluated .the 'science content domain, cognitive
domain, and scientific /inquiry.. of the lower secondary sehool students in 2007. This
evaluation showed that Thai/students scored.below the iintefnational mean scores (IPST.
2009). The result fromsNIETS: and=TIMSS«indicated that_the Thai students lack an
understanding in basi¢ knewledge.

The Programme _for sinternationall Student. Assessment (PISA) assessed Thai
students’ skills in many areas“includingzproblem solving skill .in 2003 and 2006. Both reports
showed the harmonious result indicated that“a"large"number of Thai students have a low
level of problem solving skill (IPST."2009):-Also, the results from the Academic Olympics
revealed that Thai students attain high levels of achievement in theoretical parts but show
serious weakness in practical parts where they cannot solve the problems (Bhumirat; &
ONEC working group. 2001), which means although some Thai students can understand
concepts, they lack potential to apply knowledge to the real situation. Even though in the
present day science instructions try to enhance students’ thinking skills especially the
problem solving skill, the students don’t get enough skills. With the reports above we
become aware that Thai education cannot reach the standard goal.

According to the problems that are stated above, many science educators
mentioned that there are problems of teaching and learning process (Sawrey.1990;
Smith.1991; Phelps. 1996; Chittleborough, Treagust; & Mocerino. 2002; Hitt; & Townsend.
2004; Jeon, Huffman; & Noh. 2005). A major problem is science textbooks, particularly

Chemistry textbooks that focus only on algorithmic and quantitative problems. Problem



solving in science should not only include mathematical rigor, but it should also aid the
students in increasing their understanding of its conceptual foundation. Until today, we
found that many problems in textbooks do not encourage students to develop or utilize a
strategy or methodology for problem solving. Too often, the problems in science textbooks
provide only mathematic exercises that can be solved by substituting numbers into a
memorized formula rather than scientific problems that require understanding of science
concepts and higher thinking skills to be solved. The students simply want answers to
questions and algorithmic solutions to exercises and do not realize that answers and
algorithms will not help them develop the skills they need to deal with new situations or
solve problems in the real world. Consequently, using such problems cannot enhance
students’ understanding concepts in science and also cannot promote the problem solving
skill (Sawrey. 1990; Nakhleh; & Michell. 1993). Problem solving skill involves thinking
processes that are logicaldand sequential because it reflects the result of application of
knowledge and procedures to“a problem situation’ (Ashmore, Frazer; & Casey. 1979). In
other words, a good problem solver‘requires deep:-understanding in concepts and skills to
apply his/her knowledge to solve the problems.” Schwab (1966) argued that the deepened
understandings in knowledge of:learnersawillzoccur-when it is. students' own idea. For the
purpose of getting deepened,_ understanding knowledge;sthe 'science teachers have to
provide an instruction that"emphasizes learners’ active role to construct their own ideas or
explanations through interacting in“an-environment aroundsthem. Inquiry is an approach that
was constructed based on this means, i

Akin to the American Standard; the National Science Education Standard (NSES)
(2000) specifies term of inquiry in part from the abilities of inquiry by emphasizing
questions, evidence, and explanations within a learning context. In addition, NSES identifies
that inquiry teaching and learning must have five essential features that apply across all
grade levels that are called five essential features of inquiry consisting of: (1) learners are
engaged by scientifically oriented questions, (2) learners give priority to evidence, (3)
learners formulate explanations from evidence to address scientifically oriented questions,
(4) learners evaluate their explanations in light of alternative explanations, and (5) learners
communicate and justify their proposed explanations. NSES suggested that if taking as a
whole, these essential features introduce students to many important aspects of science
while helping them develop a clearer and deeper knowledge of some particular science
concepts and processes. There are several studies showing that using the inquiry approach

in teaching science can enhance a deeper understanding of science concepts (Brandsford,



brown; & Cocking. 1999; Kolkhors; & et al. 2001; Marx; & et al. 2004; Hammett. 2005;
Dobbs. 2008).

Additionally, Greenwald (1982) indicated that the suitable manner to solve
problems in everyday life should come up with the process in which the right brain and the
left brain work together. During critical thinking process, the process of the left brain
focuses on step by step solution through the linear processes of arriving at a correct
answer and creative thinking. Meanwhile, the process of the right brain begins with
possibility, then moves to multiple ideas, and suspended judgment. It might be said that
creative thinking creates the ideas in which critical thinking works. In other words, a
successful problem solver should learn to use both their creative and critical thinking
abilities in harmony. These ideas conform to the address of Harris (2002) “the same
solution that has used to solve the problem in the present day may be not effective with the
problem in the future world”. An effective problem solver in the future necessitates thinking
of new and useful ideas, to_looksat“a“problem in.a .new way and find an original and
workable solution, to use one’s.mind in @ productive way tosgenerate and apply new idea.
Henceforth, providing only the problem |solving" skill is net enough in science learning. It
should also include the creativity: in-tosproblemssolving process.in science learning model to
promote students’ potential in“problem solving skill (Treffinger..2005).

Over fifty years,of academic research there has been an attempt to develop a
model to support creative and' prablem.solving thinking that are called the creative problem
solving approach. Osborn's Checklist, fthe origin ofs Classical Brainstorming, is the root of
creative problem solving (CPS) (Isaksen; Treffinger; & Dorval. 2000). Later, there are
several researchers who improved creative problem solving process. Almost all other
creative problem solving processes have their roots in the Osborn approach (Osborn. 1963;
Ashmore. 1979; Basadur. 1996; Treffinger. 2007). Creative Problem Solving (CPS)
approach is the approach that works well with improving creative and problem solving
thinking. Creative problem solving is the mental process of creating a solution to a problem.
Creative and critical thinking are two complementary, mutually important ways of creative
problem solving process (Treffinger. 2005). From these definitions, creative problem solving
is one of the suitable processes that everyone can use to deal with many of life’'s everyday
problems, opportunities, and challenges. Therefore, the creative problem solving approach
should be adopted as an instructional strategy to assist students in their thinking
development, especially creative and problem solving thinking. Many researchers show that

creative problem solving approach is the suitable approach for adaptation into science



instructional strategies to enhance thinking skills, especially problem solving skill and
creative thinking skill (Sanfilippo. 1993; Kim. 2003; Myrmel. 2003; Maraviglia; & Kvashny.
2006; Wood. 2006; Kim. 2007; Cheng; & et.al. 2007).

As mentioned earlier, the researchers attempt to find the solutions improving the
science teaching and learning. In addressing this study, new science learning model using
creative problem solving approach and the five essential features of the classroom inquiry
are developed for raising students’ creative problem solving skill, scientific creativity skill,
and learning achievement. In addition, this model will help fill the gap of the problem in Thai
education, especially the problem about the students’ thinking skills. This model will be
called, for convenience, the CPS learning model. The CPS learning model is designed to
support the national science standards appropriate for seventh grade students. The
contents of this study focused on matter and properties of matter. The CPS learning model
put emphasis on students practicing“to.think, and applying their knowledge and their skills
into their real life outside the“classroem while~training. them to understand the scientist’'s
mental habit. In other words,sthis jinnoyation coneerns’' to practice the students’ creative
thinking skills and problem solving skill.| Moreover, it ‘'emphasizes.creative problem solving
skill as well as developing deep: understand iin:scientific conception and reinforce scientific

attitudes in harmony.

Research Questions
The research questionsiaddressed by this fesearch are:
1. Does interaction between the learning models and students’ prior knowledge
levels affect students’ creative problem solving skill?
2. How does the CPS learning model influence students’ learning
achievement, scientific creativity skills, creative problem solving skill, and scientific attitudes?
3. Does the different prior knowledge levels of students who learn through the

CPS learning model affect students’ creative problem solving skill?

Research Objectives
The purposes of this study are as follows:
1. To develop the CPS learning model for seventh grade Thai students on

“Matter and Properties of Matter”.



2. To study the effects of implementing the CPS learning model.
2.1 To study the effects of interaction between the learning models and the
students’ prior knowledge levels on students’ creative problem solving skill.
2.2 To study the effects of the CPS learning model on students’ learning
achievement, scientific creativity skill, creative problem solving skill, and scientific attitudes.
2.3 To study the effects of the prior knowledge levels of students who

learn through the CPS learning model on the creative problem solving skill.

Significance of the study

Too often, the students are adept at solving problems with algebraic equation but
have only limited understanding of the chemistry behind their algorithmic manipulations.
Consequently, they did not understand the chemistry concepts or cannot apply those
concepts solving the problems in* their real life. “The " CPS. learning model emphasized
analytical and creative thinking skills, in harmony not.only. to promote students to understand
the chemistry conception .andpractice [them solving ‘the problems with their conceptual
understanding but also toshelp enhancing-students’ thinking.skills.

The outcomes of this study provided the teachers with an effective learning model.
These outcomes were used as basic knowledge| for educators and science teachers to
guide their thinking to develop instructional strategies. ‘Moreover, the CPS learning model
was an alternative pedagogy for“science teachers ‘to'promote students to gain deepened
knowledge, develop scientific creativity ;skill, and_foster. the scientific attitudes. This prepared
the students to get more readiness to confront the social change and get a higher quality of

life in the community.

Scope of the Study
Population and samples

- The population of this study is seventh grade students in Mahasarakham
province.

- The samples are two classrooms of seventh grade students that were
studying in the second semester of the 2010 academic year in a school located in
Mahasarakham province. The participating school has approximately 40 students in each
classroom. Two classrooms were selected by using simple random sampling technique

from the classrooms with mixed student achievement levels. One classroom is control



group and the other one is experimental group. The teacher who taught science in seventh
grade during the second semester of the 2010 academic year of the school participated in
this study.
Research Design
The research design selected for this study is the pretest-posttest control
group design (Campbell. 1963)
Variables
1. Independent variables
1.1 The learning models consisted of: CPS learning model and
conventional learning model.
1.2 Students’ prior knowledge levels categorized into high, medium, and
low level.
2. Dependent variables
2.1 Learningsachievement ‘
2.2 Scientific ereativity skill
2.3 Creative!problem-solving:skill
2.4 Scientific attitudes
Contents
The contents that were.incorporated:‘into ‘the ,CPS learning model were the
concepts of matter and properties of ' matter consisting-of;
1. The Matter
2. Solution

3. Acid-Base

Definitions of the Terms

1. The Creative Problem Solving (CPS) learning model refers to the new
learning model that enhances students’ deepened understanding, creative problem solving,
and creative thinking skill developed by the researcher. This learning model is developed
based on the creative problem solving approach concerning five essential features of
classroom inquiry. In this study, this model is called, for convenience, the CPS learning
model. This CPS learning model is a student-centered learning activities oriented strategy.

It is a recursive cycle of distinctive cognitive stages of learning that include: Engaging,



Problem Exploring, Solution Creating, Plan Executing, Concept Examining, including
Evaluating in every step.

Step |: Engaging, the initial step of this model, is a step for engaging students
while exploring and revising the basic concept for the students.

Step Il: Problem Exploring, the second step of the learning model. The
activities in this step aim at raising the students’ awareness in the problem or situation and
attempt to grasp the problem including identifying the scope of the problem.

Step Ill: Solution Creating, where the activities emphasize practicing the
students’ creative problem solving skill by developing alternative solutions.

Step IV: Plan Executing, the fourth step of the learning model, equip the
students with the creative problem solving skill through planning and executing. At the very
end of this step, the students should:develop the concept or explanation that they have
discovered from the activities.

Step V: Concept Examining, which-is the final step of the CPS learning model.
The significance of the activities jsupported jin “thisistepsare to inspect the concepts
presented by the students and adjust the concept harmonizing with the scientific knowledge
including making the students getting ardeeper:understanding.

2. The conventional_learning model refers to the regular teaching method that
the science teacher has used to teach in the usualiscience classroom. The teacher follows
a textbook. The main teaching strategies in this classroom are lecture and students working
in small group. :

3. Students’ prior knowledge level refers to the level of students’ existing
knowledge in which students show their particular before learning with the learning model.
The students’ learning achievement pretest scores are used to classify the level of student’s
prior knowledge by using norm referenced evaluation method. The researcher categorizes
the students’ prior knowledge into 3 levels that consist of:

3.1 High prior knowledge level refers to the students who get the learning
achievement pretest scores more than 66.67 percentile level.

3.2 Medium prior knowledge level refers to the students who get the learning
achievement pretest scores between 33.33 and 66.67 percentile level.

3.3 Low prior knowledge level refers to the students who get the learning

achievement pretest scores less than 33.33 percentile level.



4. Students’ learning achievement refers to knowledge and abilities in learning
from the interventions which are expected learning objectives of the learning activities. The
students’ learning achievement in this study is determined by the learning achievement test
that the researcher developed following the Depth of Knowledge (DOK) for Science (Webb.
2008). It consists of:

- Level I: Recall and Reproduction. It requires students to demonstrate a rote
response, follow a set procedure or perform a clearly defined series of steps.

- Level II: Skills and Concepts. It includes the engagement of some mental
processing beyond recalling or reproducing a response.

- Level lll: Strategic Thinking. It requires reasoning, planning, using evidence,
and a higher level of thinking.

- Level IV: Extended: Thinking. wlt requires students making several
connections, relate ideas within the”content area®or among content areas and select or
devise one approach among many:alternatives on how the situation can be solved.

5. Scientific creativity. skill refers!to the ability,of observing a phenomenon from
different perspectives and, formulating a varied set of .\questions reflecting the ability of the
inquirer to deal resourcefully with a‘given“problem and to deepen the understanding of the
phenomenon. In this study;=scientific creativity skill of students is measured by scientific
creativity test that was adapted:from. the Scientific:Structure”Creativity Model (SSCM) (Hu;
& Adey. 2002). The scientific creativity=skill involves'the following skills:

- Fluency is the ability*te produce a large aumber of ideas.

- Flexibility is the ability to produce a wide variety of ideas.

- Originality is the ability to produce unusual the uniqueness or difference of
idea from others.

6. Creative problem solving skill refers to the students’ skills to use knowledge,
thinking and scientific process to identify a gap between what is observed and what is
desired and then take action to close the gap while on the pathway to solve the problem.
The students have to use creative thinking to generate alternative solutions to problem as
much as they can in every step. Moreover, the process includes deciding which course of
action to take, and actually taking those actions necessary to implement the chosen
alternative and evaluate the results to determine if a satisfactory solution has been
obtained. The students’ creative problem solving skill is measured by using (1) the creative

problem solving test and (2) the creative problem solving self-assessment form, both of
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which were developed by the researcher. The creative problem solving skill involves the
following skills:

- Fluency is the ability to produce a large number of ideas.

- Flexibility is the ability to produce a wide variety of ideas.

- Originality is the ability to produce unusual the uniqueness or difference of
idea from others.

- Reasoning is the ability to illustrate the evidence and reasons that support
the ideas to solve the problem.

7. Scientific attitudes refer to the students’ belief in and conduct their works that
conform to scientists’ characteristics. Scientific attitudes include the characteristics of
scientists that are believed to be desirable in the study of science, such as curiosity,
inventiveness, and objectiveness. In _this study the.students’ scientific attitudes is measured
by the scientific attitude inventory (SAL.ll) that was developed by Moore; & Foy in 1997.
This inventory was translated, into Thai and was checked the quality of the assessment by
Punyain (2008). This inventorysassessed the scientific ‘attitudes with six statements which
consist of:

S1: Scientific knowledge® = Thewlaws; and/or 'theories of science are
approximations of truth and are, subject to change.

S2: Almighty .of science and scientists — (@bsérvation of natural phenomena
and experimentation is the basis of-scientific eXpIanation.

S3: Scientific 'methodelogy —"To operatesin @ scientific manner, one must
display such traits as intellectual honesty, dependence upon objective observation of natural
events, and willingness to alter one’s position on the basis of sufficient evidence.

S4: Functions of science — Science is an idea-generating activity

S5: Science liberal education — Progress in science requires public support in
this age of science; therefore, the public should be made aware of the nature of science
and what it attempts to do.

S6: Science interests and science careers — Being a scientist or working in a
job requiring scientific knowledge and thinking would be a very interesting and rewarding

life’s work.
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Conceptual Framework of the Study

The main purpose of this study was to develop the CPS learning model by using
the five essential features of inquiry and the creative problem solving approach as main
theoretical background. FIGURE 1 was an attempt to describe the conceptual framework of
the study and to identify the relationship between the learning models and learning

achievement, scientific creativity skill, creative problem solving skill, and scientific attitudes.

Independent Variables

1. The Science Learning Models
Dependent Variables

® CPS learning model

Learning achievement
® Conventional learning model

Scientific creativity skill
2. Prior Knowledge Levels

Creative problem solving skill

® High

- Scientific attitudes
® Medium
® |ow

FIGURE 1 CONCEPTUAL FRAMEWORK OF THE STUDY




States/ Problems

- Students were not be able to
solve the conceptual problem

- Students lack critical and creative
thinking

- Students were not be able to

connect scientific knowledge to

solve problems in their real life

science teaching

in the real world

Analyzing problems
- Inappropriate science learning model

—¥] - Difficulties in combine practicing creative thinking in

- A lack of training students to encounter the problem
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Solution: Development of CPS learning model

Main Theoretical Background

Science Content

Participants

- Creative problem solving
approach

- 5 Essential Features of Inquiry

- The Matter
- Solution

- Acid-Base

- Students in lower secondary

educational level (seventh grade)

v

—

Implementing learning Models —L

Research Design: the pretest-posttest control group design

v

v

Independent Variables: the learning models

Instruction

(Experimental

the CPS learning model

using

Group)

Instruction using the

conventional learning

model (Control Group)

A 4

Dependent Variables
- Learning achievement
- Scientific creativity skill
- Creative problem solving skill

- Scientific attitudes

FIGURE 2 FRAMEWORK OF THE STUDY
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Theoretical Framework

In order to reach the goal of the educational reform, the researcher attempted to
develop the CPS learning model which corporate five essential features of inquiry and
creative problem solving approach.

The five essential components of scientific inquiry teaching that introduce students
to many important aspects of science while helping them to develop a clearer and deeper
knowledge of some particular science concept and/or process in every component could
link together. Inquiry teaching and learning have five essential features that included:

1. Learners are engaged by scientifically oriented questions.

2. Learners give priority to evidence, which allows them to develop and
evaluate explanations that address scientifically oriented questions.

3. Learners formulate.explanations «from evidence to address scientifically
oriented questions.

4. Learners evaluate'itheir e;(plainations in" light of alternative explanations,
particularly those reflecting.scientific:understanding.

5. Learnersscommunicate-and justify-their proposed explanations.

Creative Problem Solving™ approach ‘is ‘a framewark which can be used by
individuals or groups'to formulate problems, opportunities, “or challenges; generate and
analyze many varied and noVeI options; and plan.:for “effective implementation of new
solutions or courses of action. “The creativé problem,“solving is a method of solving
problems that emphasizes the use ‘ofsboth_creative “and logical thinking skills by alternating
divergent and convergent thinking. That means, creative problem solving process can help
enhance the creative thinking, logical thinking and problem solving skill.

In this study the CPS learning model was developed based on the five essentials
features of inquiry and the creative problem solving approach. The CPS learning model
comprised of five steps including evaluating in every step. They are engaging, problem

exploring, solutions creating, plan executing, and concepts examining (FIGURE 3).
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. Concept

Examining

FIGURE 3 THE CREATIVE PROBLEM,SOLVING (CPS) LEARNING MODEL

Step I: Engaging: Thesgoals. of this stepsare engaging students while exploring
and revising the basic concept of the students. The'teacher has to pose questions and use
conversation to raise the students’ .enthusiasm, andi:make them a readiness to learn a new
conception.

Step II: Problem Exploring:the activities-in this step aim at raising the students’
awareness in the problém=or, situation and endeayor [to grasp the problem including
identifying the scope of the problem. The students:have_to apprehend the problem by
looking at all views and pose the questions.

Step ll: Solution \Creating. ‘the activities' served in this step emphasize
practicing the students’ creative problem solving skill by developing the alternative solutions.
The students have to ask themselves and search more knowledge from other resources for
creating ideas and developing the solutions to solve the problem.

Step IV: Plan Executing: the students have to brainstorm in a small group in
order to design the way to solve the problem and do the activities following the plan until
reaching to the answer to the problem. Finally, the students should develop the concept or
explanation that they have discovered from the activities.

Step V: Concept Examining : the activities supported in this step is to inspect
the concepts presented by the students and adjust the concept harmonizing with the
scientific knowledge including making the students getting a deeper understanding. This
step gives students an opportunity to present and share their own concept to their

classmates.
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Research Hypotheses

For the purpose of the research study, the following hypotheses are utilized:

1. There is an interaction between the learning models and the students’ prior
knowledge levels that affects the students’ creative problem solving skill.

2. The students’ learning achievement, scientific creativity skill, creative
problem solving skill, and scientific attitudes of the experimental group after learning have
higher scores than the control group with a statistically significant difference.

3. The creative problem solving skill of the students who have different prior
knowledge levels after learning through the CPS learning model has statistically significant

different scores.




CHAPTER 2
REVIEW OF THE LITERATURE

This chapter is a review of the available literature dealing specifically with:
1. National Education
1.1 National Education Act B.E. 2542 and Amendments B.E. 2545
1.2 The National Science Curriculum
2. Constructivism
2.1 Constructivist Approach to Learning
2.2 Constructivism and Science Learning
3. Inquiry
3.1 The History.efInquiry
3.2 Inquiry View ‘of NatienaliSeience Education Standard (NSES)
3.3 Five Essential/Featuresof:Classroom ‘Inquiry
4. Problem-Based-Learning (PBL)
4.1 Characteristics of:Problem-Based Learning
4.2 The Preblem-Based Learning in the Classroom
5. The Creativity
5.1 Concepts of Creativity
5.2 Definition.of:Creativity
5.3 Scientific Creativity
5.4 Measurement of Scientific Creativity
6. Creative Problem Solving (CPS) Approach
6.1 Relation of Creative Thinking, Logical Thinking, and Problem Solving
Skills
6.2 The Creative Problem Solving (CPS)
6.3 The Three Principles of Creative Problem Solving (CPS)
6.4 Creative Problem Solving (CPS) Model
6.5 Teaching Creative Problem Solving (CPS)
7. Depth of Knowledge (DOK) Levels for Science
7.1 Depth of Knowledge (DOK)
7.2 Levels of Depth of Knowledge (DOK)
8. Scientific Attitudes
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9. Research Related to This Study
9.1 Research Related to Inquiry
9.2 Research Related to Creative Problem Solving Approach
10. The Creative Problem Solving (CPS) Learning Model
10.1 Description of the CPS Learning Model
10.2 Teacher’s Role and Student’s Role in the CPS Learning Model

1. National Education
1.1 National Education Act B.E. 2542 (1999) and Amendments (second
National Education Act B.E. 2545 (2002)

As a result of the globalization.or.the technology and information era, the world
is becoming increasingly complex: due to population growth, technological advances,
environmental degradation, migration; an‘d immigration. Everything is growing rapidly
especially knowledge that is“growing geometricallys~Consequently, Thailand initiated new
education reforms in B.Es 2542. ‘Another;attempt”in“this education reform emphasized
Thailand’s need to adapt to the challenge of globalization and internationalization.

The promulgation of the National Education Act'B.E. 2542 (1999) states that
these recent education reforms.move away from teacher center, direct instruction towards
student-centered, understanding-base, teaching:* This ~student-centered, student-active
instruction is often called constructivism, that is«related to the inquiry because inquiry is
constructed based on constructivism“(NSES: 2000). The important ideas of constructivism
are remarked in section 22 (Office of the national education commission. 2003: 10-12).
Subsequently, the national education acts also place emphasis on developing student’s
thinking as stated in sections 24 (Office of the national education commission. 2003: 10-12).

Section 22: Education shall be based on the principle that all learners

are capable of learning and self-development, and are regarded as being
most important. The teaching-learning process shall aim at enabling the
learners to develop themselves at their own pace and to the best of their
potentiality.

Section 24: In organizing the learning process, educational

institutions and agencies concerned shall: (1) provide substance and arrange
activities in line with the learners’ interests and aptitudes, bearing in mind

individual differences; (2) provide training in thinking process, management,
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how to face various situations and application of knowledge for obviating
and solving problems; (3) organize activities for learners to draw from
authentic experience; drill in practical work for complete mastery; enable
learners to think critically and acquire reading habit and continuous thirst
for knowledge; (4) achieve, in all subjects, a balanced integration of subject
matter, integrity, values, and desirable attributes; (5) enable instructors to
create the ambiance, environment, instructional media and facilities for learners
to learn and be all-round persons, able to benefit from research as part
of the learning process. In so doing, both learners and teachers may learn
together from different types of teaching-learning media and other sources of
knowledge; (6) enable individuals to learn at all times and in all places.
Co-operation with parents, guardians, and.all parties concerned in the
community shall be'sought to develop jointly the learners in accord with
their potentiality.

(Office of the national education commission. 2003: 10-12)
1.2 The National'Science Curriculum

The National Education: Act defines:the achievement target for science at this
level as knowledge, "skills sand “understanding of science: including other subjects. The
expectations of the National Curriculum for pupils in"science’ learning are the development
of ideas and scientific enquiries .usedsin scientific ‘explanations. Students are able to use
scientific methods to explain natural phenemena_and look for evidence through practical
work to examine whether or not. :

The content of the science curriculum covers more abstract concepts and
more details about scientific processes and more relevant issues to real world thinking. The
students are expected to integrate their knowledge and make connections between subjects
and to explain natural phenomena. In this study, the contents were focused on covering

substrand 3 where content consists of The Matter, Solution, and Acid-Base.

2. Constructivism
In this research, constructivism is the concepts influencing the active learning
science model that motivates students to learn how to learn.

2.1 Constructivist Approach to Learning
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Cobb (2000) mentioned that constructivist approaches to learning and memory
are based on the idea that children do not wait passively to be filled up with knowledge.
The learning is more than just loading down students with memories, as you would a
computer disk. The constructivist approach to education stresses that expert teachers can
do much to facilitate students’ own active learning process.

Constructivist approaches to education are that learners must build their own
knowledge. It cannot be given to them and that new knowledge builds on current
knowledge. Constructivist approaches to education are based on the theories of Lev
Vygotsky (1978) who believed that children internalize what they see in their surroundings
or context, building up their knowledge from what they observed around them.

Constructivism is a concept that learners actively construct their own
knowledge. The heart of constructivism is the view that the proactive mental construction
processes develop cognition (Gunstone; & White™ 1994). Students’ conceptualization arises
through the interaction between previously stored' knowledge and current data. Simson
(1990) and Mahoney (1988) advocated ithat this pointiis, a table at work, testing and hold
the meaning to new information in terms| of the previous concéptions of phenomena. This is
in line with Dewey’s idea.that studentsilearn best:when they need the knowledge or skills to
explain natural or real lifesphenomena (Gunstone; & White;s1994).

Constructivism. hot, only emphasizes 'how ilearners learn, but it also is a
powerful tool of learning processes. <Lhe approach“hass=been applied to the cognitivists’
theories of Piaget, Vygotsky, and Brungr. Although the three theories are different based on
roles of individuals and social contexts; they are similar in that the learners actively
construct their knowledge of the world by their own self. This implies that constructivism
approach emphasizes student-centered learning rather than teacher-centeredness. The
teacher’s role is as facilitators or coaches who facilitate and help students construct their
knowledge and come up with solutions to problems. Piaget supported the ideas that the
most important role of the teacher is to arrange an environment supporting the students to
learn by self-experiencing. Their understanding will be formed through many routes, such
as reading, listening, exploring, and experiencing their environment. The students should be
challenged with real life problems, which are arranged in the classroom. He also stressed
that students should have a freedom to understand and construct learning through
individual developmental processes (Gunstone and White. 1994). Students will provide
opportunities to explore and construct their own knowledge rather than receiving knowledge

directly from the teachers (Devries; & Kohlberg. 1987).
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Lev Vygotsky (1978) developed the social constructivist theory. That places a
teacher as a facilitator. The students’ cognitive abilities however develop spontaneously
through the steps of discovery. He emphasized that development and learning influenced
each other. In the classroom, students build up their own understanding through social
activities and collaborative tasks. When students face situations, they will apply their
existing knowledge. As a result, learning should take place in meaningful contexts. The
students’ previous knowledge will mean more when provided with guidance and assistance
from teachers, parents, or experienced peers. Vysgotsky believed that experienced persons
and social interaction play an important role in determining learners’ cognitive development.
Following Vygotsky’s idea, Faculty of Education, University of Malta (2003) suggested that
school experiences should be related to real-life situations. So when students are trying to
solve problems, they are required to.know more.than that of their existing knowledge by
thinking hard about their ideas that,may_form a solution later.on, working with collaborating
and discussing with others, and learning by chance.

2.2 Constructivism and'Science Learning

Learning process in constructive:science. classroom consists of the activities
that students will inquire,ssearch; and construct knowledge 'by themselves. That is, students
learn science throughiindividuals’: creativity @and acquire knowledge based on their previous
knowledge. Students will understand what they are’ learning' and gain more knowledge to
get the concepts on their own._Thissis=in line with Szesze (cited by Tanaprayothsak. 2005)
who describes the constructive science classroom,, They.are as follows:

1. Encourage and accept students’ autonomy and initiation.

2. Use raw data and primary sources, along with manipulative, interactive
and physical materials.
Use cognitive terminology, when designing tasks.
Allow students to think, and be flexible based on students’ responses.
Inquire students whether they understand the concepts.
Encourage students to engage in dialogue with others.

Encourage students to ask open-ended questions.

© N o O B~ Ww

Help students come up with their hypotheses which come from the
discussion.
9. Encourage students preliminary discuss their preliminary hypotheses.

10. Allow wait time after posing questions.
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11. Provide time for students to create metaphors.
12. Nurture students’ curiosity using the 5Es learning cycle.

According to Szesze, constructive science classroom emphasizes on students-
centered learning and teaching style through various instructional strategies. All strategies
are considered as important tools that can help students enhance their thinking skills.

In summary, the constructivism influence has extended beyond just the
research and scholarly community; it has had an impact on a number of national curricular
documents and national education statements, including the national education act in
Thailand. Today, the objectives of science education are not only the phenomena of nature
but are constructs that are advanced by science process skills, scientific attitude and
thinking skills. Therefore, the constructivist approach to learning is an important approach

for use to develop activities based on.the new learning model.

3. Inquiry
3.1 The History of Inquiry

The educators <have -varied.understanding ' of the term of inquiry. Basic
understanding and personal_experiences shape the questions students ask, but students
must gain experiences and “work at their developmental level? National Science Education
standards (National Research;Council. 2000) defines“inquiry as “asking questions and
attempting to answer them, through:investigatiens “inyolving experimentation and data
collection, logical analysis, and searehing for .information from existing source”. Moreover,
NSES also says inquiry is “what quality'science instruction should be” (Anderson. 2007).

Since the 1950s inquiry became the important part of science curriculum. It
started when NSF began funding science education reform (Anderson. 2007). The
Biological Science Curriculum Study (BSCS) invited the inquiry into science at the
beginning of the 1960s until the twenty-first century inquiry has turned out to be the
maintained importance in science by the National Science Education Standards (National
Research Counsil. 2000). Inquiry has five components (Camins. 2001). First, the cognitive
processes focus on observation, communication, organization, relationships, and
application. Second, students must use investigation to build upon their prior knowledge
with a focus on question, analysis, and communication. Third, there should be focus on
what skills or abilities to develop and the best way to do it. The fourth component is called

“habit of mind” in which students need to develop and have time to explore. The final



22

component is that there should be focus on problem solving and thinking involved in

learning. Moreover, the inquiry science classroom focuses on learning with understanding,

is rooted in students’ knowledge, and is guided by student curiosity and questions (Camins.

2001). Students should be engaged in active learning and provided positive environment.
3.2 Inquiry View of National Science Education Standard (NSES)

Inquiry in the National Science Education Standard (NSES) includes an ability
to engage in inquiry and understanding of inquiry and of how inquiry results in scientific
knowledge (National Research Council. 2000). The standards need to describe what
students need to know and be able to do include standards on science as inquiry.

The National Education Standard (NSES) noted that inquiry in education is “a
multifaceted activity that involves making observations; posing questions; examining book;
planning investigations; reviewing what is already.known in light of experimental evidence;
using tools to gather, analyze, and“interpret datay proposing answers, explanations, and
predictions; and communicating the results. Inquiry requires identification of assumptions,
use of critical and logical thinking, :and |consideration ‘if alternative explanations” (National
Research Council. 2000: 13-14). Forla clear and useful definition of inquiry in the standard
for teaching and learnings NSES defines the features of inquiry into five features that point
out to questions, evidence,=and explanations that|are within @ learning context and called
Five Essential Features 'of Inquiry.

3.3 Five Essential Features-of Inquiry

The developers of, the National Scienee Education Standards (National
Research Council. 2000) emphasizes that inquiry teaching and learning science have five
essential features that can be applied across all grade levels. There are five essential
components of scientific inquiry teaching that introduce students to many important aspects
of science while helping them to develop a deeper knowledge of some particular science
concept and process in ways that every component can link together like the science
inquiry map shown in FIGURE 4. Research has demonstrated that student involvement in
the inquiry process provides a much needed connection and ownership of scientific
investigations that will lead to a deeper conceptual knowledge about the content. The five
essential features of inquiry consist of:

(1) Learners are engaged by scientifically oriented questions

The National Science Education Standard (NSES) describes this

component that “scientifically oriented questions center on objects, organisms, and events
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in the natural world; they connect to the science concepts described in the content
standards. They are questions that lend themselves to empirical investigation, and lead to
gathering and using data to develop explanations for scientific phenomena” (National
Research Council. 2000: 24).

In the science classroom, the initial question can originate from both
learner and teacher. Purposeful questions can be answered by students’ observations and
scientific knowledge they obtain from reliable sources. Skillful teachers help students focus
their questions so that they can experience both interesting and productive investigations.
Teachers can provide opportunities that invite students’ questions by using the real
situations or demonstrating a phenomenon or having them engage in an open investigation.
The questions must be able to be investigated in a classroom setting. Teachers will have to
adjust students’ questions into ones_that can be answered by students with the resources

available.
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FIGURE 4 THE SCIENCE INQUIRY MAP
Source: The National Research Council. (2000). Inquiry and the National Science Education

Standards. p.25.
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(2) Learners give priority to evidence
This component of five essential features the National Science Education
Standard (NSES) is described that “learners give priority to evidence, which allows them to
develop and evaluate explanations that address scientifically oriented questions” (National
Research Council. 2000: 25). The Standard noted that the basic of explanations about how
the natural world works in science should be empirical evidence. Importance is placed on
getting accurate data and from observations. The accuracy of the evidence collected is
verified by checking measurements, repeating the observations, or gathering different kinds
of data related to the same phenomenon. Evidence collected is then subject to questioning
and further investigations. Within the classroom setting, students should follow similar
guidelines during their laboratory experiences.
(3) Learners formulate explanations from evidence to address
scientifically oriented questions
This aspect of inquiry“in the National, Science Education Standard (NSES)
(National Research Council. 2000:,26) nhoted that ‘this feature “emphasizes the path from
evidence to explanation rather than the criteria for. and ' characteristics of the evidence.”
Scientific explanations should be come up with the reason. They respect rules of evidence,
are open to criticism, and" _require the use| of| variouscognitive processes generally
associated with science. Explanations, are ways toslearn‘what is unfamiliar by relating what
is observed to what is already, known:=For science; this ‘means building upon the existing
knowledge base. For students,.thissmeans building .new ideas upon their current prior
knowledge and understandings.
(4) Learners connects explanations to scientific knowledge
“Evaluation, and possible elimination or revision of explanations, is one
feature that distinguishes scientific from other forms of inquiry and subsequent
explanations” is the purpose of this aspect of inquiry (National Research Council. 2000: 27).
The teacher should ask questions to raise the students to think back, recheck, and connect
their explanation to the scientific knowledge. An essential component of this characteristic is
ensuring that students make the connection between their results and scientific knowledge.
(5) Learners communicate and justify their proposed explanations.
Scientists communicate their results in such a way that their results can be
reproduced. This requires clear articulation of the question, procedures, evidence, proposed

explanation, and review of alternative explanations (National Research Council. 2000: 27).
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Moreover, providing a chance to students for sharing their ideas or explanations, asking
questions, examining evidence, identifying faulty reasoning, pointing out statements that go
beyond the evidence, and suggesting alternative explanations for the same observations.
The National Science Education Standard (NSES) proposed using inquiry-
based teaching and learning. TABLE 1 shows the variation in the amount of the structure,

guidance, and coaching the teacher provides for students engage inquiry.

TABLE 1 FIVE ESSENTAIL FEATURES OF CLASSROOM INQUIRY AND THEIR VARIATION

5 ESSENTIAL More € Amount of Learner Self-Direction % Less
FEATURES Less ¢ Amount of Direction from Teacher or Material = »  More
VARIATIONS
1. Learner engages | Learner poses a Learner selects Learner clarifies Learner engages
in scientifically question ameng questions, question provided in question
oriented questions posesinew by teacher, provided by
questioné materials, or other | teacher, or other
source source
2. Learner gives Learner Learner directed to Learner given data | Learner given
priority to evidence determines what collect certain data and_asked to data and told
in responding to constitutes analyze how to analyze
questions evidence and
collects.it
3. Learner Learner formulates [sLearner guided to Learner given Learner provided
formulates explanation- after fofm explanations possible ways to with evidence
explanations from summarizing from evidence use evidence
evidence evidence formulating
explanation
4. Learner connects | Learner Learner directed Learner given Learner given all
explanations to independently toward areas and possible connections
scientific knowledge | forms the sources of scientific | connections
explanations knowledge
5. Learner Learner forms Learner coached in | Learner provided Learner given
Communicates and reasonable to development a with broad steps and
justifies communicate communication guidelines to use procedures for
explanations explanations to sharpen communication
communication

Source: National Research Council (2000). Inquiry and the National Science Education Standards:

A Guide for Teaching and Learning. p 24-25.
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The degree to which teachers structure what students do is sometimes
referred to as “guided” versus “open” inquiry.

» Consider your own students and your goals for enhancing inquiry in your
afterschool program.

* How can you enhance inquiry in science learning?

* How can you guide students to a more independent inquiry practice?

How does a teacher decide how much guidance to provide in an inquiry-based
activity? The key element is in the intended outcomes. Whether the teacher wants the
students to learn a particular concept, acquire certain inquiry abilities, or develop
understandings about scientific inquiry influences the nature of the inquiry. In some
instances, partial inquiry may be more appropriate than a full inquiry-based experience.
Teachers need to make meaningful decisions about how to best deliver the curriculum.

As mentionedsabove,,inquiry is a suitable method in teaching science as it
focuses on students learning_by deing. The students.have to construct knowledge from all
data that they collected when.they*do|the activity. Inquiry. not only enhances students’
deepened understanding butialso promotes thinking skills, and 'scientific attitudes. Also, in
this study, the researcher used five-essential:features of inquiry as the main background to

construct the learning'model:

4. Problem-Based Learning (PBL)
4.1 Characteristics of Problem-Based. L.earning

Problem-based learning is'a student-centered pedagogical strategy that poses
significant, contextualized, real-world, ill-structured situations while providing resources,
guidance, instruction, and opportunities for reflection to learners as they develop content
knowledge and problem-solving skills.

Problem-based learning (PBL) is an instructional approach originally developed
in medical school programs over 40 years ago (Barrows; & Tamblyn. 1980) and later
adapted for use in elementary and high schools. In PBL, problems act as the stimulus and
focus for student activity and learning (Boud; & Feletti. 1991). Learning in this way is
purposeful and self-motivating as the student learns while searching for solutions to the
problems. Students are actively involved and learn in the context in which knowledge is to
be used (Chin; & Chia. 2004). PBL is also a learning approach that embodies most of the

principles that improve learning, such as being active and cooperative learners, receiving



27

prompt feedback, teaching which is tailored to students’ learning preferences and promoting
student empowerment and accountability. It aims to help students develop higher order
thinking skills and a substantial disciplinary knowledge base by placing students in the
active role of practitioners confronted with a situation (an ill-structured problem) that reflects
the real world. Rather than focusing on facts, PBL encourages active learning and self-
directed learning, which is context-based using real life situations, focuses on thinking skills
(problem-solving, decision making, and critical thinking), and requires integration of
interdisciplinary knowledge, skills or behaviors and develops lifelong learning skills.
Teachers in PBL, as metacognitive coaches, help students understand the questions asked
during problem definition, information location, analysis and synthesis, and sort through
potential interpretations and/or resolutions (Hmelo-Silver.2004).

PBL is an educational approach that.has increasingly become spread across
educational levels and areas of teaching, from medical eduecation, nursing, pharmacy, law,
engineering and basic sciences to. science education (Barrows. 1986; Gallagher; & et al.
1995; Peterson; & Treagust: 1998; Soderberg; & Price.12003; Ying. 2003).

The main characteristics of PBL as based on:Bafrow(1986) which provides the
teacher with a checklist of features-to be designed:into courses. These characteristics are:

1. Student-Centered: The students arefmotivated to be responsible for
self-learning. The teacher“will ;act ‘as a' facilitator .and gwill help students to make a right
decision. PBL interests who.comeitogether in a shared educational process.

2. Problem-Based: The problem to' be used is an ill-structure problem.
Enough information will be given to stimulate thinking process in the students’ memory and
this will involve inductive and horizontal reasoning, and deductive and vertical reasoning to
generate hypothesis. The students will face an inquiry learning when the problem is
designed. This is in line with the PBL characteristic outlined by Savery; & Duffy (1995) and
Camp (1996) arguing that learning is an active and engaging process-author instruction,
and situated learning support this learning theory.

3. Problem-Solving: A problem will be used to stimulate effective and
efficient development and reasoning skills. The teachers will guide the students at
metacognitive level. At the early stage, there will be a modeling of problem solving process
and teachers will reduce their role when students start to communicate and make argument
with themselves and peers about what they think.

4. Self-Directed: Students can justify what they must learn based on their

task to solve the problem.
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5. Reiterative: When students are finished with self-directed learning they
will go back to the problems and will apply a new knowledge that they gain through problem
solving. The experience that they gain will be used to construct new knowledge.

6. Collaborative: Students will collaborate in the problem solving process
and solve the learning issue which has been identified. The students’ thinking, belief,
perception and self knowledge will be challenged when they collaborate with other students
and this will stimulate process development.

7. Self-Reflecting: When the problem is solved, students will make a self-
reflection of new information, compared with new problem, make a reflection to face the
same problem (for the future), to abstract a concept or principle, and draw a mind map to
show the connection of problem elements and connection of the reason.

8. Self-Monitoring: Students will.monitor, evaluate the progress and self
achievement. Self-evaluation will 'be in"the form of teacher response, peer group and other
evaluation.

9. Authentic:sall the required learning behavior in PBL includes all the
required steps by students, and itiwilll be|evaluated!'in real jworld ‘situation.

The features: of the learning-environment in PBL curricular stand out as typical
in normative texts about PBL*and are regarded as| essential for enhancing student learning
(Barrow.1997; Boud; &' Feletti.1991; Savery; & duffy.1995)" The features of PBL, as an
educational practice, will be*#the ‘same regardless the ssubject matter area. A possible
conclusion is that since PBL being=a flrexible way_to“organize teaching and learning, there
are possibilities for different academic cultures to shape PBL according to their own needs
and traditions and to their inherent perspective of learning. Thus, the implementation of PBL
does not necessarily mean a new way of thinking about teaching and learning. The
academic disciplines are powerful forces in the articulation, maintenance and reproduction
of the perspectives, values and beliefs embedded in their cultures. The features of PBL also
can be helpful in making teaching decisions that support the nature of the content and
range the students.

4.2 Problem-Based Learning in the Classroom

4.2.1 The Problem-Based Learning

The use of PBL has continued to increase over the last 40 years, and is
now included in a variety of disciplines from elementary grades through post graduate

schooling. This increase in use is attributable to the benefits of PBL. Bridges (1992)
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summarizes some of the claims made by advocates of problem-based learning in
comparison with more conventional didactic methods:

1. PBL students develop “substantially more positive” attitudes toward the
learning environment.

2. Students tend to study for meaning rather than to reproduce instructor
proffered material.

3. PBL students complete instructional programs in less time and with
fewer drop outs than do students in traditional learning environments.

4. Small differences in students’ basic knowledge of disciplines “favor
traditional programs, but PBL students show steeper growth during period of study.”

5. Clinical competence shows “small differences in favor of students in
PBL programs.”

These outcomes stem, from a variety«of features, including increased student
motivation, the collaborative teamwork: used to-structure solutions, the coaching or tutoring
conducted by the instructor; and*the inherent benefits;of using real-world problems. Real-
world contexts and consequences appear to.be an important feature of PBL, and it has
been found to enhance learning, -anduincreasesthe -transferability of skills and knowledge
from the classroom to work (Stepien, Gallagher; & Workman. 1993).

PBL always “starts with a problem;" fori'which students do not prepare
beforehand. After the description ofjthe, problem isgivensto.small groups of students, they
first analyze the problem, generate ppssible explanatory hypotheses, and build on one
another’s ideas, as well as identify key issues to be studied further. These activities allow
students to construct a shared initial explanatory theory or model explaining the problem-at-
hand based on their prior knowledge (Schmidt. 1983). After this period of teamwork, they
disperse for a period of individual study to work on learning issues they have identified as a
group. When they next meet as a team during what is called the “reporting phase”, they
are expected to share and discuss their findings, as well as refine their initial explanations
based on what they have learned. Students would then move on to analyze a new problem,
or if new learning issues requiring further study are identified during this phase, the process
described above would be repeated. Thus, PBL can be seen as a cyclical process
consisting of three phases: initial problem analysis, self-directed individual learning, and a
subsequent reporting phase (Schmidt. 1983; Barrows. 1986; Hmelo-Silver. 2004). A tutor is
present to guide students’ learning in the problem analysis and reporting phases. The

tutor’'s role is to facilitate the processes involved when students co-construct knowledge
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through discussions and sharing of ideas (Hmelo-Silver; & Barrows. 2006). In PBL, both
group and individual learning processes are recognized to play important supplementary
roles in students’ learning (Van den Hurk; & et al. 2001).

4.2.2 Problems with Problem-Based Learning (PBL) in the classroom

For all its promise, problem-based learning poses a number of challenges
for students, instructors, and institutions alike. Farnsworth (1994) summarizes some of the
problems with implementing PBL. One weakness is that, at present, many PBL courses rely
primarily or exclusively on written or oral problem statements and learning resource
material. This may adversely affect transfer between the problem situations in a course and
similar ones in real life. The small number of problems engaged by PBL students further
complicates the issue of transfer. Working with single rather than multiple instances of a
particular type of problem may leave students somewhat unprepared to cope with the
variety of forms that compleX, real world.problems often take.

Another lbarrier tosimplementing problem-based learning is students’ initial
discomfort with the increased .degree of freedom ‘they: experience in an academic setting.
Most industrial and post-industrial cultures! socialize ‘students to.a model of schooling in
which their role is more or less—limited“tocomprehension .and synthesis of instructor-
specified information, ‘based=on, instructor-formulated learning aobjectives, and participation in
instructor-led learning "aclivities. These students; .confronted with messy, real-world
problems, lack the skills even“to know=where to begin analysis.

Assessment of student [€arning outcomes in PBL classrooms can also be
more difficult than in traditional courses. Students may be responsible for negotiating both
learning objectives and assessment methods which emphasize individualized, criteria-
referenced methods and de-emphasize standardized, norm-referenced methods. This shift
in responsibility for evaluation often requires time and effort from both students and
instructors.

Other problems exist for course instructors. In ftraditional courses, all
students engage in the same learning tasks at approximately the same pace. Instructors
orchestrate objectives, resource material, learning activities, and evaluation homogeneously.
PBL, in contrast, involves managing a variety of learners as they progress at different rates
through a variety of different learning objectives, requiring different resources at different
times. The pre-established instructional sequence gives way, for the most part, to more

complexes, negotiated learning sequences.
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As outlined above, PBL offers some advantages over traditional forms of
instructional delivery, but it brings with it a variety of obstacles. Fortunately, multimedia
appears to have the potential to alleviate many of these problems. Therefore, the teachers
and instructors who want to adapt the PBL into the classroom should concern with both

advantages and obstacles of PBL and modify to match the classroom.

5. The Creativity
5.1 Concepts of Creativity

Guilford’s divergent production theory (Guilford. 1967) is one of the most
popular cognitive theories of creativity. Guilford grouped the 16 divergent production factors
that were categorized into four classifications: fluency, flexibility, originality, and elaboration.
Fluency is the ability to produce a large number ofiideas. Flexibility is the ability to produce
a wide variety of ideas. Originality, is the=ability_to preduce unusual ideas. Elaboration is the
ability to develop or embellish ideas, and‘to produce “many details to flesh out an idea.
Since the Torrance Tests, of Divergent Thinking dominate the field of creativity research,
divergent thinking has become almost-synonymous-with creativity.. It is generally accepted
that divergent thinking is ‘considered as a kind of shorthand forscreativity.

Moreover, Mednick (1962) viewed that the creative idea results from the novel
combination of two or more ideas that have been*away “frem their normal correlations. In
other words, creativity is'a function'ofipeople’s associative hierarchy that is the way they
produce associations to words or,problems. Weisberg(1986) claimed that creativity occurs
through a series of small steps in which earlier ideas are modified and elaborated. He
claimed that creativity is the result of many types of mental processes working together.
The nature of creativity occurs when the problem solver runs into obstacles, proposes
solutions, runs into further obstacles, and then refines and elaborates the earlier solutions.

5.2 Definition of Creativity

There are many definitions of creativity as shown below:

Guilford (1950) defined creativity as a group of traits that characterizes
creative persons. He also proposed that creativity involves problem finding and evaluative
ability.

Rhodes (1961) pointed out that creativity could be classified into four
dimensions: definitions involving the person, process, product, and press or environment.

Torrance (1974) defined creativity as a group of abilities, skills, motivations,
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and states that are linked to deal with problems.

Getzels (1975) stated that no universal consensus for the definition of
creativity was found, but he defined creativity as the subjective experiences that are derived
by process and product.

Torrance’s (1988) definition of creativity involved sensitivity to problems or
looking for gaps in information, constructing ideas or hypotheses, testing and changing
these hypotheses, and conveying the results. The definitions involving the creative product
were those focusing on the final product or output of the creative process. Product
definitions focused on originality, practicality, and social value or appreciation. Moreover, he
proposed fluency, flexibility, and original thinking as the main characteristics of creativity.

Treffinger, Feldhusen; & Isaksen (1990) promulgated a model in which they
defined creativity as a set of cognitive processes that lead to productive thinking and
problem solving. Productive thinking' Consisted ofsinformation and skills, motivations and
inclinations, and management and “metacognitive .systems. This definition overlooked
problem finding and the role of.the person and the product.

Sternberg (1996) defined that creativity is:a procéss that requires that balance
and application of 'the .three essentialaspects: of intelligence-creative, analytical, and
practical. Often, someoneswho is'creative is a particularly good synthetic thinker.

Gardner (1999) believed that an individual was ‘creative when he or she could
solve problems, generate products;ior=initiate a topic in a-domain in a new or original and
accepted way in a cultural setting: Thre focus "of Gardner’s definition was on two things:
novelty and the appropriateness in a domain:

Furthermore, creativity is the ability to fabricate work. The two important
characteristics of creativity consist of novelty including originality or the unexpected and
appropriateness including usefulness, modification and the concerning of the undertaking
restriction. Creativity is the ability to create new notions by adapting the existing ideas or
knowledge (Edgar; & etc. 2008). Creativity can be completely explained with the concept of
cognitive competency which is related to how people succeed with the difficult problem, the
process of learning transfer including convergent and divergent thinking (Heller. 2007: 224).
Moreover, creativity is an ability that people already have since they were born (Baillie; &
Walker. 1998: 36)

From the various definitions of creativity, the following can be concluded:

1. Numerous definitions of creativity exist; however, none of these

definitions is universally accepted.
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2. The definition of creativity that a researcher adopts will determine the
factors or characteristics considered essential for understanding about the creativity of the
individual.

3. The problem of numerous definitions of creativity might lead to problems
in the assessment of creativity.

4. Delineating similarities or differences among the different definitions of
creativity is not easy.

5. Determining whether various definitions of creativity are good or bad is
not easy. Instead, the conclusion is that every definition has its merits and demerits.

5.3 Scientific Creativity

Scientific research requires creativity in the sense of creating new
understanding, and solving problems.in science that requires the students to explore their
own repertoire and to imagine a variety.of routes to,a solution. This is the justification for
considering scientific creativity“as worthy of attention.in the education of students who will
either become scientists of who'need an understanding ofs society. In scientific creativity
field, most researchers focused on creative thoughts, products, and processes of scientists,
whereas few researchers focused “on: students’creativity, in science, especially for
secondary school students=Moravcsik (1981)| defined that the scientific creativity is the
attainment of new and novel steps in realizing the objectives’ of science. The conception of
scientific creativity is the new ‘ideas-to contribute thé Seientific knowledge, formulate the new
scientific theory, devise the new.experiments to probe the nature’ law, develop the scientific
ideas applied to particular domainsof practical interest, and realize new organizational
features of scientific research and scientific community.

Torrance (1990) concludes that the term ‘scientific creativity’ is defined as
mental ability or ability to create the new original products or results that has social or
personal worth based on individual prior knowledge and given information. Another term of
scientific creativity is called technical creativity. Both terms are essential for a theoretical
and practical competency. Scientific creativity involves the human ability to solve the
complicated scientific problems and tasks and to create the novel and creative solutions
(Heller. 2007: 209).

Moreover, Hu; & Adey (2002:392) defined the scientific creativity as follows:

(1) Scientific creativity is different from other creativity since it is concerned

with creative science experiments, creative scientific problem finding and solving, and
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creative science activity.

(2) Scientific creativity is a kind of ability. The structure of scientific
creativity itself does not include non-intellectual factors, although non-intellectual factors
may influence scientific creativity.

(3) Scientific creativity must depend on scientific knowledge and skills.

(4) Scientific creativity should be a combination of static structure and
developmental structure. The adolescent and the mature scientist have the same basic
mental structure of scientific creativity but that of the latter is more developed.

(5) Creativity and analytical intelligence are two different factors of a
singular function originating from mental ability.

In summary, the aspects of scientific creativity would be summarized as: being
sensitive to any problems, ability to_product newsideas which are technologically accepted
ability to wonder, understanding the world around, “ability. to problem solving, seeking
solutions, designing experiments, imagination, identifying: difficulties, making predictions or
hypothesizing.

5.4 Measurement of Scientific|Creativity

According to Guilford® (1967), “creative 'behavior is dependent upon five
principal primary abilities: ssepsitivity to problem, fluengy of ‘ideas, flexibility of ideas,
originality of ideas, and redefinition of ideas. These abilities ‘are characteristics of divergent
thinking and are essentially.the one; tested by Torrance Test of Creative Thinking (TTCT).
Torrance’s (1974) definitions of these,abilities ‘are given below:

- Fluency is the ability to"produce a large number of ideas.

- Flexibility is the ability to produce a wide variety of ideas.

- Originality is the ability to produce unusual ideas.

- Elaboration is the ability to develop or embellish ideas, and to produce many
details to flesh out an idea.

Hu; & Adey (2002) developed a model, Scientific Structure Creativity Model
(SSCM), for assessing the scientific creativity of secondary school students. This model
was based on Guilford’s Structure-of-Intellect model. The SSCM consisted of three
dimensions: the process, the trait, and the product. The process dimension consisted of
imagination and thinking. The trait dimension consisted of originality, fluency, and flexibility.
The product dimensions consisted of science problem, science phenomena, science

knowledge, and technical product. The 3-dimensional SSCM is shown in FIGURE 5.
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FIGURE 5 THE SCIENTIFIC'STRUCTURE CREATIVITY MODEL (SSCM)

Source: Hu, Weiping; & Adey, Philip. (2002). A"Scientific Creativity Test for Secondary
School Students. p. 390-403.

SSCM defines™ scientific creativity as a kind ‘of intellectual trait or ability
producing or potentially produbing a._certain produet 'that, is original and has social or
personal value, designed with: a“certain purbose in" mind, using given information (Hu.
2002). :

Based on SSCM model, the Scientific Creativity Test for Adolescents (SCTA)
was developed and was tested with the students from England and China (1,087 students
each). The results presented that SCTA has high reliability and validity by using statistical
methods that are the alpha coefficient, reliability coefficient, and test-retest reliability
(Hubley. 2004: 9). These results confirm that the SCTA test should be suitable for
measuring scientific creativity of secondary school students (Hu; & Adey. 2002).

In this study, students’ scientific creativity can be assessed using a holistic
approach, asking them questions related to their using scientific process skills. It is believed
that finding out students’ scientific process skills will also show how much students have
scientific creativity components. To measure scientific creativity, this research focused on
creative thoughts and processes of scientists as opposed to product. This scientific

creativity test emphasized evaluating the scientific creativity skill in the three following
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aspects: fluency, flexibility, and originality. Consequently, the SSCM was selected to be the

main model to develop the scientific creativity assessment.

6. Creative Problem Solving Approach
6.1 Relation of Creative Thinking, Logical Thinking, and Problem Solving Skill

Normally, the most important goal of education especially in science is that the
students learn how to think critically or logically, to be able to reason closely, analyze ideas,
and make good judgments. The students have been learning these processes throughout
the educational career because logical thinking is an essential skill for good problem
solving, and problem solving describes much of life’s activity. However, creative thinking is
an essential part of good problem solving as well. While logical thinking focuses on step-by-
step, linear processes aimed at arriving at a correct answer, creative thinking begins with
possibility, multiple ideas, ;and suspended, judgment.#Ilt might be said that creative thinking
creates the ideas with which: logical thinki‘ng works=(Isaksen, Treffinger; & Dorval. 2000;
Treffinger. 2000; Harris. 2002)!

Thus, even ithough these-two kinds-of thinkingswork in different ways, they
actually support each other and aim"at the same ultimate goalswhich is to solve a problem.
A useful model of an effective. thinking process|is that'of a-diamond (Harris. 2002), as seen

in FIGURE 6 below,

Creative diffusion phase: exploring ideas and possibilities

Logical focus phase: analyzing and selecting ideas

FIGURE 6 THE DAIMOND MODEL OF PROBLEM SOLVING
Source: Harris, Robert A. (2002). Creative Problem Solving : A Step-by-Step Approach. p.5.

At the beginning of the process, creative methods are used to examine the
problem environment, generate ideas, and make associations. Then the analysis and
judgment faculties are brought into play, and the possibilities are analyzed for a probable
solution. In other words, a successful problem solving skill should learn to use both their

creative and logical thinking abilities in harmony.
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6.2 Definition of Creative Problem Solving (CPS)

Gordon (1961) remarked that creative problem solving is a method that
combined creative ability and analytical technique to solve problems. Creative problem
solving offers perhaps the most complete model for solving ill-structure problems, but it is a
complex structure. Another shortcoming of the creative problem solving model is that it has
so far been presented in abstract terms that only someone familiar with decision theory can
understand.

Goman (1986) combined two distinct cognitive skills: creativity and problem
solving into creative problem solving. In solving a problem, creativity person must use
several mental functions including reasoning, decision making, critical thinking, imagination
and intuition.

Creative Problem Solving (CPS) is an_approach used to develop the creative
potential of students through a theaoretical framework used to develop and analyze solutions
to broad problems. The Classical, Brainstorming /(Qshorn.” 1963) is the root of creative
problem solving. He began‘thesresearch|forwhat we now. use‘as a "framework for thinking,
problem solving, and: managing .change! (Isaksen, Dorval; &" Treffinger. 2000: 30). In the
beginning, creative problem solving® was used :in: companies,, governments, and nonprofit
groups throughout the werld“until, in the 1950s, Parnes (SUNY College at Buffalo) joined
Osborn to research, extend,, and keep the Osborn-RParnes:CPS model into science learning.
Over the past fifty years ‘of research and development on CPS, many important
contributions have been made, by those™interested in developing this talent (Isaksen,
Treffinger; & Dorval. 2000). This developmental process has been a gradual, systematic
approach that emerged from a group of educational scholars linked by institutional and
foundational linkages. Today, the CPS process has been successfully applied in a variety of
educational settings among a variety of age groups, ranging from early childhood through
adulthood (Treffinger. 2000).

An important goal of education is helping students learn how to think more
productively by combining creative thinking (to generate ideas) and critical thinking (to
evaluate ideas). Both modes of thinking are essential for a well-rounded productive thinker,
according to scholars in both fields. Because of creative problem solving is one of the
approaches that can push the education reaching to the standard goal. It has been
successfully applied into teaching and learning process (Sanfilippo.1993; Kim. 2003;

Myrmel. 2003; Maraviglia; & Kvashny. 2006; Wood. 2006; Kim. 2007; Cheng; & et.al. 2007)
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Problem solving is a framework of thinking for recognizing problems, thinking
possible solutions, and testing or evaluating the solutions. Uniqueness is not a criterion for
problem solving, but usefulness is. “Problem solving does not require creative thought
because many kinds of problems can be solved by careful, discriminating logic” (Beakley.
1974:50). This definition of problem solving requires elaboration on three points: (1) the
framework is a five-step structure similar to that developed by Parnes (1981), (2) the idea of
evaluation is fundamental to problem solving and implies the concept of: usefulness” which
has been precluded from the definition of creativity, and (3) an important aspect of problem
solving is ability to shape solutions by applying knowledge gained in the past. As Abruzzo
(1987) pointed out, the solutions do not happen by chance but represent an extension of
what is already known.

In conclusion, creative..problem solving is a framework of thinking for
recognizing problems, thinking of creative solutionsy and testing or evaluating the solutions.
Creativity and problem solving aré ‘separate~processes. Osborn (1963) indicated that
creative problem solving istideational in nature and:is quite different from straightforward or
analytical problem solving. Greative problem:solving. hatnesses that creative process in
order to develop new and useful solutions: creativity-+ problem solving = creative problem
solving. Uniqueness and usefulness are both essentialcriteria for creative problem solving.

The information ‘above-shows that!the creative problem solving is a framework
which can be used by individuals -or groups toformulate problems, opportunities, or
challenges; generate and analyze many varied, and"novel options; and plan for effective
implementation of new solutions or ‘courses of action. The creative problem solving is a
method of solving problems that emphasizes the use of both creative and analytical skills
by alternating divergent and convergent thinking. That matches Patrick Hillis; & Gerard
Puccio (1999) which described the combining of divergent generation and convergent
evaluation in a strategy of creative problem solving. In other words, creative problem
solving emphasizes thinking both critically and creatively simultaneously.

6.3 The Three Principles of Creative Problem Solving
There are three main principles underlying creative problem solving, namely:
(1) Diverse views and inputs to a problem lead to generating a unique
view. Koberg and Bagnal (1981) stressed that individuals tend to set up psychological
barriers which make problems seem more complex. In contrast, other people’s problems

seem so simple to solve. These suggested that there is a benefit to asking other people for
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ideas. In order to be successful in solving problems, collaborative analytical, imaginative,
and organizational skills are needed in the group. It has been suggested that although
individually we all possess these skills, only one is predominant in each individual
(Grossman et al. 1988). Thus, in order for the group to make optimal use of all these skills,
heterogeneity in a problem solving group is not only advisable but necessary.

(2) Deferring judgment was defined by Parnes (1981). He referred to deferred
judgment as freedom of expression during the divergent or idea generation stages of
creative problem solving process. Quantity of ideas generated without evaluation is the key
points, and there should be no evaluation when ideas are being generated. In addition,
Parnes (1981) stated that when “applying the deferred-judgment principle many of the
blocks that interfere with successful group procedure can be minimized by the deferred-
judgment principle” (p.135).

(3) Problems can be looked at from“many: perspectives. Umiker (1988) stated
the following: “I would like to_make, the point that creative people look at their problems as
opportunities. Regard problems.as challenges., Every itime you have a problem you have
opportunity to innovate’ _(p.10).» That means ‘in creative problem solving process, the
problem solver should logk through-all:views of:the problem.

6.4 The Creative Problem Solving Model

For a long time, there; have been a.lot oficréative problem solving models
developed based on three principles=of creative problem solving and emphasized critical
thinking and creative thinking in harmony in everyssteps This section shows the review of
related creative problem solving model. The analyzing data of the existing creative problem
solving model was used to develop the new learning model.

(1) Dewey’s Model

Since early 1910, Dewey recognized the importance of defining what a
problem was before being able to explain the thought process in problem solving. He
surmised that learning begins when the person is confronted with a difficulty. Dewey
outlined a five step iterative process of problem solving that includes (1) a degree of
difficulty, (2) problem clarification, (3) identification of potential solutions, (4) assessment of
the potential solutions, and (5) verification of assessment results (Savage; & Sterry. 1991).

(2) Polya’s Model

Polya words his four stages slightly differently: understanding the problem,

deciding what to do (find the connection between data and unknown), carrying out the plan



40

(find the connection between data and unknown), and looking back (check each step for
correctness) (Savage; & Sterry. 1991).
(3) Osborn’s Model

Osborn’s creative problem solving method is built around three procedures:
fact finding, idea finding, and solution finding. These steps may not always take place in
sequence but all of them require both deliberate effort and creative imagination. Special
effort should be taken to correctly define and formulate the problem as getting a good
answer depends on asking the right question. Details of the three procedures of this model
are as follows:

1. Fact-Finding: Problem definition (picking out and pointing up the
problem) and Preparation (gathering and analyzing the pertinent data).

2. ldea-Finding: Idea Production. (thinking up tentative ideas) and Idea
Development (selecting, reprocessing, modifying, and,combining)

3. Solution-Finding: Evaluation™(verifying® tentative solutions) and Adoption
(deciding on and implementingsthe final solution)

(4) Osborn- Parnes’ Model

Sidney & Parnes(1981) “hasbuilt'on the work of Osborn by developing a
training program of creative*problem solving (CPS) techniques. This model illustrates that
effective problem solving. relies upon two [types of .thinking at each stage, divergent or
creative and convergent or critical:

(1) The creative _thinking consists of making and communicating
meaningful new connections in order'to generate many possibilities, experience different
points of view, and think of new and unusual possibilities.

(2) The critical thinking stage calls for analyzing and developing the
possibilities generated by the divergent process specifically to compare and contrast ideas,
improve and refine promising alternatives, screen, select and support ideas.

The effective decisions and judgments were provided a sound foundation
for effective action. Together the stages constitute a dynamic balance between creativity
(divergent) and innovation (convergent). Parnes added an additional step, objective finding,
to the beginning of the CPS process (VanGundy. 1988). Obijective finding limits the scope
of the problem. The six stages of the creative problem solving process of this model
developed are objective finding, fact finding, problem finding, idea finding, solution finding,

and acceptance finding (Parnes. 1981).
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(5) Koberg-Bagnal (1981)

Koberg & Bagnal's process emphasizes taking time to analyze and define
the problem, and then to “ideate”. There are many ways to generate new ideas such as
brainstorming, making synergetic attributing analogies, or drawing morphological
connections and inclinations. Koberg and Bagnal (1981) postulated that creative thinking
depends on a good balance of logic and experience, orderly thought, lateral thought, and
lost of images. They showed that what appears to be is not always what really is or could
be. Perception and reality differ. By determining the difference between various points of
view a unique view can often be formed. The process of this model emphasizes both
holistic and flexible and includes both critical thinking (analyze, define, evaluate, select) and
creative thinking (ideate, select, analyze, and implement). The process of this model
consists of seven steps as follows: (1) Accept problem as challenge, (2) Get the fact &
Feeling, (3) Determine the essential .ingredients,#(4) Generate option for action to the
essential goal, (5) Choose the ‘option, (6) Take actioh,.and (7) Review and Plan again.

(6) Isaksen-Treffinger’s model

Isaksen .and Treffinger developed. creative problem solving model by
adjusting Osborn-Parnes’s model (Isaken;" & Treffinger. 1985). This particular model uses
the following steps:

1. Mess Finding: an:effort to identify a situation that presents a challenge.

2. Data Finding aneffort to identify“all known facts related to the situation;
to seek and identify information that is_not known,but essential to the situation is identified
and sought.

3. Problem Finding: an effort to identify all the possible problem statements
and then to isolate the most important or underlying problem.

4. |dea Finding: an effort to identify as many solutions to the problem
statement as possible.

5. Solution Finding: using a list of selected criteria to choose the best
solution(s) for action.

6. Acceptance Finding: making every effort to gain acceptance for the

solution, determine a plan of action, and implement the solution.



42

Problem Sensttivity

Divergent Phase 1 Convergent Phase
Experiences, roles and sifuations are searched < OMESS
. o ‘ Challenge is accepled and systematic efforts
for messes... Openness to experience; explofing , FINDING ndertaken fo respond o I,
Data are gathered: ihe situation is examined
trom many ditfarent viewpolnts; Information, ~ DATA ™, Mostimportant data are identited and analyzed.
impressions, feslings, sfc. are colected. ™., FINDING .+~
Many possible statements of problems and sub PROBLEM Aok s
problems re genarcc. ", FINDING A
Many altematives and possibiities for responding IDEA Idoas that seem mast promising of Infarest
fothe problem statement are developed and 0 proiEng or iniafesing o
Mot ore doveloped “, FINDNG . sdckd
A Y% Severcl crleria cre selected fo
vapoubhahﬁumfomﬁdndrc!rl. : sownou “ i IMETCEE o cre anciio evaiuche,
reviewing and evalualing idecs. . Q¥ . ;HNDING *. @ shengthen,and refine idecs.
Possible sources of assistance and resistance are ‘.'°" I"n Most promising solutions are focused and
considered; pofential implementation steps are o ACCEPTANCE ) prepared for action; Specific plans are
identified. *., ANDING _* formulated fo implement solution.
L Nawcr%enges . ’ Source: lsaksen, Treffinger, 1985
SERT R

FIGURE 7 THE ISAKSEN-T-REFFLN‘GER CREA'FIVE PROBLEM SOLVING MODEL
Source: Isaken, S.G; & Treffinger, D. J. (1985). Creative Problem Solving the Basic
Course.p.16.
(7) Van Oech’s Model
Van Oech describe four roles in his creative problem solving process:
Explorer: open, probing and searching for new information.
Artists: turning resources into new ideas.
Judge: critical, fault finding and evaluating the merit of an idea.
Warrior: reaching goals and carrying your ideas or solutions into action.
By the way, he describes that in his model the problem solvers have to do
all roles through four steps of the model. The four steps of Oech’s model consist of (1)
exploring the information, (2) training your resource into new ideas, (3) reflecting and

evaluating solutions, and (4) carry out your solution (VanGundy. 1988).
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(8) Puccio’s Model

In 1999, Puccio has reviewed literature of creative problem solving process
and suggested that the effective creative problem solving process should consist of six
stages:

(1) Identify Goal, Wish or Challenge: Identifying a goal, wish or
challenge that requires creative thinking.

(2) Gather Data: Gathering background information about the goal.

(3) Clarify the Problem: Clarifying the problem by identifying the
specific issues that need to be resolved.

(4) Generate Ideas: Using imaginative thinking to generate many
varied and original ways of resolving the problem.

(5) Select & Strengthen Solutions: Selecting, evaluating, and refining
promising ideas into workable solutions.

(6) Plan for Action: Developing' a. plan of action that builds on sources
of assistance and overcomés poténtial sources of resistance:

(9) Isaksen, Dorval, & Treffinger Model

CreativesProblem-Solving-involvestthrée components and six stages. The
process may start with any=of,the threel components.;Thél'components and stages are as
follows:

1) Understanding:ithe problem. “there* are three stages within this
component. :

a) Mess Finding: ldentifying problems in a mess. This process cuts
through the fog to find the real problems and opportunities in that messy situation.

b) Data Finding: Gathering the details and finding the most
important. This helps to concentrate on what matters. Clear out the extraneous details.

c¢) Problem Finding: Clarifying and stating the specific problem.

2) Generating Ideas: The stage of this component is that of generating
new and useful ideas. Tools include the well-known Brainstorming process (Unfortunately,
Brainstorming is one of the most widely miss-used creativity tools in existence.

3) Planning for Action: A solution is not real until it is applied. This
systematic process creates action plans from solutions that you find to be the most

promising.
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a) Solution Finding: Generate options, select solutions, and develop
them.

b) Acceptance Finding: Consider sources of assistance and resistance.

Formulate a specific plan of action.

Generating Ideas

Idea- pProducing many, varied, and unusual ideas.
Finding /" Idlentitying promising possibilities, alternatives or options having
Interesting potentials.

FIGURE 8 ISAKSEN, DORVAL, AND TREFFINGER CREATIVE PROBLEM SOLVING MODEL
Source: Isaken, S.G.; Dorval, K.B.; & Treffinger, D.J. (2000). Creative Approach to
Problem Solving. p. 14.

The literatures review shows that the creative problem solving models compose of
many different steps as shown in TABLE 2. This table is a comparison of the creative
problem solving models previously discussed. As the model reviewed, the researcher has
thought and synthesized an adapted creative problem solving model that consists of five
main steps. The five steps consist of (1) awareness in problem, (2) understanding in
problem, (3) finding solutions, (4) taking action, and (5) verifying the solution. All of these
five steps of creative problem solving process are used as the main concept of developing

the CPS learning model.



TABLE 2 THE COMPARISON OF CREATIVE PROBLEM SOLVING MODEL

Modelist | Dewey Polya Osborn | Osborn- Koberg & Isaksen- Van Oech | Gerard J. Isaksen, An adapted
Step Parnes Bagnal Treffinger Puccio Dorval, & the CPS
Treffinger Model
1 Degree of Understand | Fact Objective Accept problem Mess Exploring Identify Understanding | Awareness in
difficulty, the Problem | Finding Finding as _challenge Finding the Goal the challenge problem
gl information
2 Problem Devise a Idea Fact Finding Get the_fact & L Data Training Gather Generating Understanding
clarification, Plan Finding Eeeli;]g R Finaing your Data ideas in problem
‘ resolirce
|nho new
idéas
3 Identification Carry out a Solution Problen.L ’ Ijetermine the Problem 7 Reflecting Clarify the Preparing for Finding
of potential plan Finding Finding ‘ essential Finding and Problem action solutions
solutions ingredients: .. evaluating
: ‘ solutions
4 Assessment of | Look back Idea Finding Génerate Q-Btﬁén .Idea Fi‘nding Caring out | Generate Taking action
the potential for action to the your Ideas
solutions essential goal solutions
5 Verification of Solution Choose the Solution Select & Verifying the
assessment Finding option Finding Strengthen solution
results Solutions
6 Acceptance Take Action Acceptance Plan for
Finding Finding action
7 Review and Plan

14
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6.5 Teaching Creative Problem Solving

The factors that can inspire enthusiasm and inhibit creativity are the thing that
should be considered in teaching creative problem solving. A beginning point of this
discussion might be the generally accepted conclusion that emotional, physical,
motivational, and mental health factors all affect creative output. These are factors that can
be influenced to some degree by the teaching environment. Parnes (1967) suggests that a
teacher can do two things to enhance creative potential in students: (1) help them gain a
perception of themselves as creative beings, and thus eliminate internal blocks to creative
functioning, and (2) provide appropriate environmental conditions that encourage creative
functioning, thus eliminating external blocks.

Wallace (1986) indicated that in order to achieve fulfilment, the creative
personality needs self-understanding, positive wencouragement, and acceptance and
suggested that the teacher must .establish a balance between psychological safety and
freedom so that the student will taKe ‘risks. The teaching process and evaluation methods
attempt to reflect this by “rewarding potential; and. effort even when they fail in actual
performance.

Wallace (1986), Feldhusen; & Treffinger (1977) give suggestions for creating
an atmosphere conductive te“creative problem solving.: Thesesare summarized below:

1. Use the students’.interests as astarting point whenever possible.

2. Allow the student tosexperience.'success.

3. Maintain'a mutually respectful, and.open relationship between teacher
and students. Treat unusual answers with curiosity.

4. There is undoubtedly an optimum level of competition.

5. Constant evaluation, particularly negative, diminishes creativity.
However, failure can be used as a positive help to students in supportive atmosphere.

6. The use of humor release creative thinking. Keep the atmosphere
relaxed and nonthreatening.

7. Divergent thinking stimulates creativity. When followed by the
convergent thinking of evaluation, and time is allowed for incubation, creativity is facilitated.

It is useful to introduce the students to creative problem solving gently,
gradually increasing the complexity of the problems and the degree of creativity expected.
Beginning with simple well the opportunity and confidence to be successfully creative

because the expected solution is well defined. In later projects more creative freedom can
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be allowed and the complexity of the problems can be increased. This can be achieved by
specifying the end product of the problem in terms of what it should do, not in terms of
what it should be (Gehlbach. 1987). This allows students to draw heavily upon their
background experiences to generate innovative successful solutions.

All stated above is uses as the means of the CPS learning model
development, especially in the part of teacher role. In the CPS learning model, the teacher
is a very important factor that indicates the success of learning model. Teacher has to
provide an environment and atmosphere enhancing the teaching and learning process.
Moreover, teacher has to manage the classroom reaching the learning objective of the

learning model.

7. Depth of Knowledge (DOK) Levels for Science
7.1 Depth of Knowledge (DOK)

Depth of Knowledge,(POK).is ‘the degree, of depth or complexity of knowledge
standards and assessments “require. This criterion‘is met if the assessment is as
demanding cognitively as the ‘expectations’ standards 'are,set for students. Depth of
knowledge implies the interaction of ‘how deeply a student needs to understand the content
with different ways of responding and interacting with the content (Webb. 2005).

Depth of knowledge seems at firsti‘glance to be not much different than
Bloom’s. And in some aspectssthey. are: similar. But"depth of knowledge measures rigor, or
complexity, written as a hierarchy,but' not as taxonomys Unlike Bloom’s, the verb is not the
distinguishing factor. Rather, the context of the verb is how one delineates between the
different DOK levels, each of which basically describe and show the progression of the rigor
of what is being taught and learned (Lowe.n.d.). Depth of knowledge is no one-to-one
mapping between the two levels because the role of each rigor model is distinct. Bloom’s
Taxonomy, for instance, more closely describes the type of thinking required to answer a
question. On the other hand, depth of knowledge correlates to the level of understanding
required of students to complete an activity. For example, the solving of a linear equation
lies at third order (apply) in Bloom’'s Taxonomy, but only the lowest level of depth of
knowledge (Overa. 2009). Depth of knowledge offers some advantages over Bloom's
Taxonomy for planning lessons and choosing instructional techniques. By increasing the

DOK levels of activities, teachers teach students to adapt to challenges, work cooperatively
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and solve problems on their own (Lowe.n.d.; Hess. 2007; Overa. 2009). A comparison

between Bloom’s Taxonomy and Webb’s Depth of Knowledge is shown in TABLE 3.

TABLE 3 COMPARISION A COGNITIVE COMPLEXITY BETWEEN BLOOM'S REVISED
TAXONOMY AND WEBB’S DEPTH OF KNOELEDGE (DOK)

Bloom’s revised taxonomy

Webb’s Depth of Knowledge (DOK)

Remember
Retrieving relevant knowledge from long-term

memory (e.g., recognizing, recalling)

Understand

Determining the meaning of instructional
messages, including oral, written, and graphic
communication (e.g., interpreting,
exemplifying, classifying, summarizing,

inferring, comparing, explaining)

Recall — Recall of a fact, information, or procedure

(e.g., What are the Red Cross Emergency?)

Applying
Carrying out or using a procedurejin a given

situation (e.g., executing, implementing)

Basic Application of Skill/Concept — Use of
information, conceptual knowledge, procedures, two or
more steps, etc. (e.g.#Given an emergency scenario,
students determineithe care needed for a victim, and

explain _the reasonifon their actions).

Analyzing

Breaking material into its constituent parts and

detecting how the parts relate to one'andther, _

and to an overall structure on purpose (e.g.;

differentiating, organizing, attributing)

Evaluate
Making judgments based on criteria and

standards (e.g., checking, critiquing)

Strategic Thinking™— Requires reasoning, developing a
plan orgsequence of steps; has some complexity; more
than one possible answer; generally takes less than 10
minutes to do (e.g., Stressed due to parents’ divorce;
Crunched for time; Signs of stress — ways to relieve

stress — why managing stress is important to health.)

Creating
Putting elements together to form a novel,
coherent whole or make an original product

(e.g., generating, planning, producing)

Extended Thinking — Requires an investigation; time
to think and process multiple conditions of the problem
or task; and more than 10 minutes to do non-routine
manipulations (e.g., Welcome to Health High — Create

fact sheet/brochure from research activity)

Source: Webb, Norman L. (2008). Levels of Dept-of-Knowledge for Science. (Online).
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7.2 Levels of Depth of Knowledge (DOK)

Interpreting and assigning depth-of-knowledge levels to objectives both within
standards and assessment items is an essential requirement of alignment analysis. There
are four DOK levels (Webb.1999) that consist of level 1 (recall), level 2 (skill/concept), level
3 (strategic thinking), and level 4 (extended thinking). Four levels of DOK are described in
detail as follows:

Level 1: Recall and Reproduction

Webb (1999) described that level 1 of DOK only requires students to

demonstrate a rote response, use a well-known formula, follow a set procedure (like a

recipe), or perform a clearly defined series of steps. A “simple” procedure is well-defined

” o« ” o« ”

and typically involves only one-step. Verbs such as “identify,” “recall,” “recognize,” “use,
“calculate,” and “measure” generally_represent cognitive work at the recall and reproduction
level. Simple word problems that can'be.directly tranhslated into and solved by a formula are
considered Level 1. Verbs such as.“describe” and:*explain” could be classified at different
DOK levels, depending on'thescomplexity, of what. is'to be "described and explained. A
student answering a Level 1.tem either lknows the answer or does not, that is, the answer
does not need to be “figured out’ or*“solved.”In“other words, if, the knowledge necessary to
answer an item automatically“provides the answer to the item,«then the item is at Level 1.
Level 2: Skills'and Concepts

This level is the ‘engagement of some”mental processing beyond recalling or

reproducing a response (Webb.1999): The content *knowledge or process involved is more

complex than in level 1. Iltems require students to make some decisions as to how to

approach the question or problem. Keywords that generally distinguish a Level 2 item

” » ” o«

include “classify,” “organize,” "estimate,” “make observations,” “collect and display data,”
and “compare data.” These actions imply more than one step. For example, to compare
data requires first identifying characteristics of the objects or phenomenon and then
grouping or ordering the objects. Level 2 activities include making observations and
collecting data; classifying, organizing, and comparing data; and organizing and displaying
data in tables, graphs, and charts.
Level 3: Strategic Thinking

This level requires reasoning, planning, using evidence, and a higher level of

thinking than the previous two levels (Webb. 1999). The cognitive demands at Level 3 are

complex and abstract. The complexity does not result only from the fact that there could be
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multiple answers, a possibility for both Levels 1 and 2, but because the multi-step task
requires more demanding reasoning. In most instances, requiring students to explain their
thinking is at Level 3; requiring a very simple explanation or a word or two should be at
Level 2. An activity that has more than one possible answer and requires students to justify
the response they give would most likely be a Level 3. Experimental designs in Level 3
typically involve more than one dependent variable. Other Level 3 activities include drawing
conclusions from observations; citing evidence and developing a logical argument for
concepts; explaining phenomena in terms of concepts; and using concepts to solve non-
routine problems.
Level 4: Extended Thinking

Level 4 requires complex reasoning, experimental design and planning, and
probably will require an extended period of time either for the science investigation required
by an objective or for carrying out the multiple steps,of an assessment item (Webb. 1999).
However, the extended time peériodiis ‘not a distinguishing factor if the required work is only
repetitive and does not require.applying significant, canceptual understanding and higher-
order thinking. For example, if a student has to take the water temperature from a river
each day for a month and then construct: a=graph;-this would be classified as a Level 2
activity. However, ifi the =student conducts | a [river study that requires taking into
consideration a number of Variables;.this would be a'Level 4.

In order to bepractical «in science assessment, all of the levels of depth of

knowledge have been described.and classified in short steps'as shown in TABLE 4.

TABLE 4 AN EXAMPLE OF THE DESCRIPTION OF DOK LEVELS IN SCIENCE

Level 1 Level 2 Level 3 Level 4
Recall & Reproduction Skills & Concepts Strategic Thinking Extended Thinking
a. Recall or recognize a | a. Specify and a. Interpret information from | a. Select or devise
fact, term, definition, explain the a complex graph (such as approach among many

simple procedure (such relationship between | determining features of the alternatives to solve

as one step), or facts, terms, graph or aggregating data in | problem

property properties, or the graph) b. Based on provided
b. Demonstrate a rote variables b. Use reasoning, planning, data from a complex
response b. Describe and and evidence experiment that is

c. Use a well-known explain examples c. Explain thinking (beyond a | novel to the student,

formula and non-examples of | simple explanation or using deduct the
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Level 1
Recall &

Reproduction

Level 2
Skills & Concepts

Level 3
Strategic Thinking

Level 4
Extended Thinking

d. Represent in words
or diagrams a scientific
concept or relationship
e. Provide or recognize
a standard scientific
representation for
simple phenomenon

f. Perform a routine
procedure, such as
measuring length

g. Perform a simple
science process or a
set procedure (like a
recipe)

h. Perform a clearly
defined set of steps

i. Identify, calculate, or
measure

NOTE: If the
knowledge necessary
to answer an item
automatically provides
the answer, it is a

Level 1.

science concepts

c. Select a procedure
according to
specified criteria and
perform it

d. Formulate a
routine problem
given data and
conditions

e. Qrganize;
represent, ands,
compare:data

f. Mak{e a decision as
to how i;o approach
the' preblem

g. Cléssify, organize,
or eétimate

h. Compare data:

| Make observations
j.- Interpret
information from a
simple graph

k. Collect data
NOTE: If the
knowledge
necessary to answer
an item does not
automatically provide
the answer, then the
item is at least a

Level 2.

only a word or two to
respond)

d. Justify a response

e. |ldentify research
questions and design
investigations.

f. Use concepts to solve

non-routine problems/more

| than one possible answer
g: Devéldp a scientific model

for a complex:situation.

h. Form cong¢lusions from
observational data

i. Complete a mul;[i-st:(ap
problem that:involvess
planning. and reasoning

J. Provide an.explanation of

a_pringiple

k. Justify®a response when

more than one answer is
possible

I. Cite evidence and develop
a logical argument for
concepts

m. Conducting investigation
n. Research and explain a
scientific concept

o. Explain phenomena in
terms of concepts

NOTE: Level 3 is complex

and abstract.

fundamental
relationship between
several controlled
variables.

c. Conduct an
investigation, from
specifying a problem
to designing and
carrying out an
experiment, to
analyzing its data and
forming conclusions
d. Relate ideas within
the content area or
among content areas
e. Develop
generalizations of the
results obtained and
the strategies used
and apply them to new
problem situations
NOTE: Level 4
activities often require
an extended period of
time for carrying out
multiple steps;
however, time alone is
not a distinguishing
factor if skills and
concepts are simply

repetitive over time.

Source : Webb, Norman L. (2008). Levels of Dept-of-Knowledge for Science. (Online).
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8. Scientific Attitude

Scientific attitude has come to be known as a way in which scientists believe in
and conduct their work (Simson; Koballa; &Olive. 1994: 211). Scientific attitude is really a
composite of a number of mental habits, or of tendencies to react consistently in certain
ways to a novel or problematic situation. Gardner (1975) indicated that scientific attitude
included the characteristics of scientists that are believed to be desirable in the study of
science, such as open-mindedness and objectiveness. Moreover, Haladyna; &
Shaughnessy (1982) offered the definition of scientific attitude by using meta-analysis.
Scientific attitude addresses attitudes toward science, attitudes toward scientists, attitudes
toward scientific careers, attitudes toward methods of teaching science, scientific interests,
attitudes toward parts of the curriculum, or attitudes toward the subject of science. Scientific
attitudes were defined into a lot of components. Anyway, the science educator identify 10
components (Khan. 2006: 416-121)*that-eqnsist of:

1. Beliefs: A scientist'believes. that everything,that happens in this world has a
cause or reason.

2. Curiosity: A scientist-shows interest and pays. particular attentions to
objects or events. He asks questions and seeks answers.

3. Objectivity: Alscientist is objective if he*doés/ not allow his feelings and
biases to influence his recording,of ‘observations,sintérpretation of data, and formulation of
conclusions.

4. Critical-mindedness?® A sscientist*bases suggestions and conclusions on
evidences. When in doubt, he questions the veracity of a statement in relation to the
evidences presented.

5. Open-mindedness: A scientist listens to and respects the ideas of others.
He accepts criticism and changes his mind if reliable evidence contradicts his believes.

6. Inventiveness: A scientist can generate new and original ideas.

7. Risk-taking: A scientist expresses his opinions and tries new ideas even at
the risk of failure or criticism.

8. Intellectual honesty: A scientist gives a truthful report of observations. He
does not withhold important information just to please himself or others.

9. Humility: A scientist is humble when he admits that he is not free from
committing errors. He recognizes that there may be better ideas and realizes that there are

individuals whom he may have to consult to arrive at correct observations and conclusions.
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10. Responsibility: A scientist actively participates in a task and also dutifully
performs tasks assigned to him.

Students’ scientific attitude is a motivation of students to be interested in
science, their attitudes toward science, their views of scientists, and their desire to become
scientists. There are a lot of reasons that have been given for the need to study student
science attitudes.

Victor Noll (1935) challenged educators to think more scientifically about
measuring scientific attitudes. Many instruments have been developed and evaluated to
determine whether they are internally consistent, reliable, and associated with external
variables (e.g., grade level) or outcomes (e.g., test performance, course selections). Many
scientific attitudes instruments have been created and tested to varying degrees since the
mid-20th century (Blalock; & et al. 2007). One of.the most commonly cited instruments is
the Scientific Attitude Inventory (SAl){(Moore; & Foy: 1997).

The scientific attitudesinventory: a revision, (SAl Il) was developed by Richard
W Moore in 1969. A revised version of [the scientific attitude ‘inventory: a revision (SAI Il)
was developed and field tested in 1983. The.SAl |l has 40 five-response Likert-Scale type
attitude statements to assess students’ scientificrattitudes’ (Richard; & Foy. 1997). A split-
half reliability coefficient for=SAI 1l was computed for the ientire group of 557 respondents.
Application of the Spearman Brown_correction of"splif-half to the correlation coefficient
yields a reliability coefficient of 0.80x €ronbach’s alpha reliability coefficient is 0.781 for this
group. In Thailand, Punyain (2008) had” translated SAIl Il into Thai and used SAI Il to
evaluate the students’ scientific attitudes of the level 3 students. These results confirm that
the SAIl Il should be suitable for measuring scientific attitudes of primary school students
(Punyain. 2008). This study selected the Scientific Attitude Inventory Il (SAl Il) to be the

instrument to evaluate the students’ scientific attitudes.

9. Research Related to This Study
9.1 Research Related to Inquiry
In 1999, Branford, Brown, and Cocking discovered that inquiry is the strategy
to help link the prior knowledge to integrate in new knowledge. Considering existing
knowledge to be basic of new concept in science is a best way for getting a deeper
knowledge.

Kolkhorst; & et.al (2001) developed an inquiry-based learning model to better
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stimulate undergraduate students’ cognitive development of exercise physiology laboratory
concepts. They mentioned that their model is successful because from formative
assessment, journal entries and behaviors observation, the students who learn through this
model can develop laboratory skills and can understand the science concept and science
process. Moreover, they reflected a high level of enthusiasm and engagement in laboratory
activities.

Marx; et al.(2004) studied the effect of inquiry-based science in the middle
grades. They collected data across three years from nearly 8,000 students who participated
in inquiry-based and technology-infused curriculum units. The results showed statistically
significant increases on curriculum-based test scores for each year of participation. The
findings indicated that students who previously were low achievers in science can succeed
in standards-based. In other words, inquiry base science is a method that makes students
get deeper knowledge and can expand concept intarthe new situation.

Hammett (2005)" investigated the application of student-centered (Inquiry)
pedagogical methods to/a beginning‘level chemistry, class for elementary education majors.
The investigation showed. that student-centered (inquiry) methods.are effective for learning
abstract concepts like chemistry; whichrindicates:that-the students perform better in student-
centered classes, and describes how students respond tofmore autonomy in the student-
centered classroom. The student-centered method..is theteffective pedagogy promoting the
student’s understanding in science coneepts.

Pengong (2005) studied the effect 'of inquiry method and an enriching creative
problem solving process activities on science learning achievement and problem solving
ability of Mathayom Suksa1. The result from this study indicated that creative problem
solving process activities can help improve students’ science learning achievement and
problem solving ability.

Dobbs (2008) integrated the inquiry approach with problem-based learning
concerning in chemistry. This study found that this instructional method can improve student
achievement in high school chemistry to a greater degree than traditional teaching methods.
In addition, using this instructional the students can understand the deep scientific concept
and apply the concept to solve problems.

As mentioned above, inquiry is one of the effective methods of teaching
science. The main point of inquiry emphasized students constructing their own knowledge.
It focuses on learning how to learn more than memorizing information. It is learner-centered

instruction that encourages participation, analysis and critique and also leads to lifelong
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learning. The literature above supports the notion that the inquiry approach can enhance
not only the learning achievement but also learning skill of students. For these reasons, the
researcher wanted to develop the learning model using the five essential features of inquiry
as the main background. The researcher expects that the developed learning model based
on five essentials features can help enhance a deeper understanding and promote thinking
skills.

9.2 Research Related to Creative Problem Solving Approach

The questions: (a) When is the Osborn-Parnes method of creative problem
solving added to a collection of information processing models of teaching, within a
technology education class, and are creative problem solving skills as measured by the
Torrance Test of Creative Thinking significantly increased? (b) How do technology
education students who demonstrate adaptive or.innovative styles, as measured by the
Kirton Adaption-Innovationslnventory; respond to the “Osborn-Parnes method of teaching
creative problem solving @s measured by the Torrance, Test of Creative Thinking were set
to be a research question“bysdoseph (1992). The study. was conducted over a one year
period. The control class was made up of.students enrolled in an Energy and Power
Systems class during the fall semester: Fiverinstructional models of teaching were utilized
during the conduct of the elass. The five models included concept attainment, inductive
thinking, inquiry training; the advance organizer, and memorization. The experimental class
was made up of students enrolled-in<the same course during the spring semester. During
the spring semester, a sixth model qf teaching, was.added to the models of teaching
employed by the researcher. That 'model was the Osborn-Parnes method of creative
problem solving. The result indicated that (a) the Osborn-Parnes process was a somewhat
effective model of teaching creative problem solving skills; and (b) that students with
adaptive problem solving styles did not respond differently to the Osborn-Parnes process
when compared with students with innovative problem solving styles.

Kim, Sung-Ha (2003) has developed a teaching program for improving
students' Creative Problem Solving (CPS) ability in the area of plant hormones. Using the
historical processes regarding the discovery of four plant hormones was analyzed, the
specific contents related with the CPS were extracted and applied to the teaching program.
The program provided five periods handling auxin, gibberellin, ethylene and abscisic acid,
each of which combined two or three small activities based on CPS model. Such procedure

will allow the students to learn the process of the CPS by alternating the divergent thinking
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of the various approaches in the research with the convergent thinking to the best way of
doing research. The result showed that fluency and adaptability in the general creativity and
originality of the CPS ability in the life science were significantly improved. Moreover, both
general creativity and the CPS ability in the life science had shown a strong correlation. It
could be said that fluency, adaptability and originality were all significantly improved. The
researcher remarked that the developed program not only helped students to understand
the scientific concepts in plant hormones but it also was a very effective program in
improving students' general creativity and the CPS ability in the life science.

Myrmel (2003) determined whether the number of creative responses would
improve if junior high students were exposed to creative problem solving instructions on a
daily basis. The subjects of this research were 50 eighth grade Technology Education
students at Hopkins North Junior High;, Hopkins, Minnesota. The students in the treatment
group received a series of 10 mini“lessons on Creative problem solving techniques. The
result of the study showed a significant increase in the number of monograms produced by
students in the treatment group-“in:comparison toithose, preduced by the students in the
control group. However, there was no evidence of a ‘significant difference in the variety of
their monograms produced by the-treatmentsand: the control_groups. While the variety of
responses was similar in=beth groups, the number of responses did increase in the group
receiving treatment. Thereforej one, of 'the conclusionsiiof#the study was that the mini
lessons were effective in increasing:the.number of monhograms produced.

Maraviglia; & Kvashny (2006) studied«the effects of creative problem solving
instruction on creativity of sixth grade students: The purpose of this study was to determine
if pedagogical methods designed to promote ideation would impact levels of creative
thought measured by the Torrance Test for Creative Thinking (TTCT). To this end, a sixth-
grade social studies creative problem solving unit was taught to a regular classroom of
students who were randomly assigned to this treatment. Two additional regular classes of
students taught in a traditional that served as a control group. A fourth, purposefully
selected class of gifted and talented students served as a second treatment group. The
research concluded that the CPS model is the most significant and powerful framework for
enhancing creative thinking. Additionally, it was recommended that subsequent research
focusing upon gains in subject matter knowledge, student satisfaction, and student thought
processes be conducted.

In 2006, Wood developed the materials of teaching and learning which have

taken problem solving well above the level of algorithmic manipulation and into the realm of
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creativity. Normally, the problems in science and chemistry are the problems that have a
unique solution and to give students an appreciation of real science. So, using problems of
an open kind have been developed to use in this study. In these, often there is no correct
answer, only a ‘best’ answer, and there may be a variety of possible methods of finding it.
Criteria for success are very different from the more common type of closed problems. The
second strand of the work described here aims to make students aware of the benefits of
group work and discussion by setting them objectives which are more likely to be achieved
by groups of students working cooperatively. As the result of this study, the developed
materials can improve the creativity and concept understanding. Moreover, the researcher
remarked that using open problem can help train students work collaboratively, which is an
authentic situation in the real world.

Recently, Kim (2007) studied the effect of instruction that was based on
creative problem solving of the ninth ‘grade students."He used Creative Problem Solving
(CPS) as an instructional strategy in “this study. .He «compared the students’ learning
outcome between the conventional sinstructional methodologies and the instructional based
on creative problem solving. This'study emphasized improving the. levels of creativity within
students, and presenting that they-willzbesbettersequipped to deal with the complex types of
problems in the future, A standardized Torrance Test of Creative Thinking (TTCT) was used
as the measure of the creativity. Results of the study did not support the hypotheses that
significant differences exist.between «creative problem solving and traditional instructional
strategies, as they pertain to student Vcognition, creativity, and satisfaction. However, he
mentioned that possibly due to the 'small-sample size, upon closer examination of group
means, one can detect definite patterns of greater mean score gains among the CPS group
over the traditional group in cognition, creativity, and satisfaction. Based on these findings,
this researcher suggests that replications of this study should be performed with larger
sample sizes in different curriculum areas to further perpetuate the integration of creative
problem solving strategies as an effective instructional strategy for all age groups and in all
areas of the curriculum.

In addition, Cheng, Liu; & Chang (2007) studied the effects of creative problem
solving instruction on creativity, problem solving, and science performance for elementary
schools pupils. They used 10-week creative problem solving instruction with the
experimental group, and served a traditional instruction in a control group. The results of
this study indicated that students in the experimental group performed better on figure

creativity, problem solving competence, and science subject knowledge than those in the
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control group. The results of follow up test (6 months after the experiment) revealed that
students in the experimental group performed better on verbal creativity than those in the
control group, indicating the lasting effect of the instruction.

Several research evidence shows that creative problem solving approach is
the suitable approach for adaptation into science instructional strategies to enhance thinking
skills especially problem solving skills and creative thinking skill (Sanfilippo. 1993; Kim.
2003; Myrmel. 2003; Maraviglia; & Kvashny.2006; Wo0d.2006; Kim.2007; Cheng; & et. al.
2007). This is one of the main backgrounds of this research. The expected learning
outcomes after using the CPS learning model in science teaching include students’
achievement, students’ creative problem solving skill, students’ scientific creativity skill, and
student’s scientific attitudes. In addition, the researcher expects that the CPS learning
model will help fill the gap of the problem in Thaiseducation especially enhancing students’

thinking skills.

10. The Creative Problem Solving (CPS) Learning Model
10.1 Description of'the CPS-Learning-Model

According to'the literature review about the creative problem solving approach,
the researcher has found the.important characteristics; creative problem solving process is
practicing creative thinking: skill and._ practicing.slogical” thinking skill concurrently. The
literature review shows that the existing creative jproblem™solving models are composed of
many different steps as shownuin FABLE 2. The“table is a comparison of the creative
problem solving models previously discussed. As the model reviewed, the researcher has
thought and synthesized an adapted creative problem solving model that consists of five
main steps. The five steps consist of (1) awareness in problem, (2) understanding in
problem, (3) finding solutions, (4) taking action, and (5) verifying the solution. All of the five
steps of creative problem solving process that is synthesized are used as the main concept
of developing the CPS learning model.

In addition, the CPS learning model was developed by concerning five
essential features of inquiry that consist of (1) Engaged by scientifically oriented questions,
(2) Give priority to evidence, (3) Formulate explanations from evidence, (4) Connect
explanations to scientific knowledge, and (5) Communicates and justifies exclamations. The
goals of CPS learning model are enhancing deeper understanding in science concepts and

promoting thinking skills especially problem solving skill and creative problem solving skill.
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The researcher developed the CPS learning model by using both of them as the main
background and using the basic data that were collected from the survey and filed study.
Finally, the strategy of the CPS learning model is using real life problem situations to
provide students with opportunities to practice creative problem solving skill through five
learning steps that include evaluating in every step. They are (1) Engaging, (2) Problem
Exploring, (3) Solution Creating, (4) Plan Executing, and (5) Concept Examining as shown
in FIGURE 9.
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FIGURE 9 THE CREATIVE:RROBLEM SOLVING (CPS) LEARNING MODEL

The structure of Creative Problem..Solving Approach and five Essential
Features of Inquiry that were incorporated in the CPS learning model is shown in FIGURE
10. From the figure, it is evident that every step of CPS learning model emphasizes
students thinking creatively and logically. In addition, the CPS learning model encourages

students to do the activity that matches the essential features of inquiry.
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The 5 steps of the CPS learning model are as following:

Step I: Engaging: it is the beginning step of this model. This is a step for
engaging students meanwhile exploring and revising the basic concept of the students. The
teacher has to posed questions and using the conversation to raise the students’
enthusiastic up, and raise them to have a readiness to learn the new conception.
Furthermore, posing question to engage the students think back to the basic concept that
related to the new conception. In this step the teacher assesses students’ basic knowledge
and gives them enough knowledge if the teacher mentions that they need more knowledge.

Step II: Problem Exploring: this is the second step of the CPS learning
model. The activities in this step point out to make the students aware in the problem or
situation and endeavoring to grasp the problem including identify the scope of the problem.
First of all, a teacher divides students into small.groups and them after gives them the
problem or situation. Teacher allows'and engagessthe students to apprehend the problem
by looking all views and raising them poses the“quéstions as much as they can. This is the
step to practice them divergent thinking. Then, eachigroup presents their problems in a
classroom. Lastly the teacher and_students .together. make ‘discussion on every problem
presented by students for making -thesmost suitable problem that can reach to the learning
objective of the period. Thesteachers observe students’ presentations and discussion in the
classroom and give them a suggestion.

Step IlI: SolutionCreating: the activities served in the third step emphasize
practicing the students’ creative problem solving skill: by developing the alternative solutions.
In this step, the students start to work in:thessmall group again. The teacher asks them to
explore the problem again, meantime they have to ask themselves what things they have
known are, what things they don’t know are, and what things they have to know are. The
teacher gives them a time to keep more knowledge from other resources afterwards allows
them to create ideas and develop the solution of the problem as much as they can. Then,
each group presents their solutions in a classroom. Lastly the teacher and students
together make discussion on every solution presented by students for making the possible
solution to solve the problem. In this step the teacher acts as a facilitator. The teachers
observe students’ presentations and discussion in the classroom and give them a
suggestion.

Step IV: Plan Executing: in the fourth step of the CPS learning model, the
students are trained the creative problem solving skill through planning and executing. The

students have to brainstorm in a small group in order to design the way to solve the
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problem and do the activities following the plan until reaching the answer to the problem.
The teacher acts like a facilitator who gives them advice and encourages them to find out
the best planning to solve the problem. Firstly, the students have to create the planning as
much as they can and the discussion will be used to make a consensus in a group. After
each group has a plan, they have to start working. When they do the activities, they have to
collect data and evidence. Also, all of the data they got from the activities will be useful in
making the explanation of the problem. Finally, the students should develop the concept or
explanation that they have discovered from the activities. Moreover the managing,
encouraging, monitoring, and suggesting are the important responsibility of the teacher in
this step. The teacher has to use the questions to check the students’ understanding about
the concept they have got. If the teacher mentions that they cannot understand clearly,
teacher should give them suggestion to improve their comprehension.
Step V: Concept Examining: this issthe last step of the CPS learning model.
The significance of the activities supported in this step is«to inspect the concepts presented
by the students and adjuststhesconecept harmonizing with, the scientific knowledge including
making the students getting a deeper understanding, This| step gives students an
opportunity to present and ‘share-itheirzown=concept to' their friends in the class. The
students are allowed' to werk_in. group to investigate the'coencept they got whether it is
similar with other groups. Theysshould look back to thefipath from the beginning until the
end in order to find error or fault'along with consideringsthe conformability of the concept
with the scientific knowledge. Then, the concept_should be improved to be the complete
concept. In order to make the students get a deeper knowledge and expanding the
knowledge, in the whole class, the teacher should give the students the questions or the
new situations related to the concept they have learned and ask them to find the
explanation. Teacher should help students ask questions that guide them to think about the
solutions. In addition, teacher should pose the questions that urge them to think about the
concept they will learn next time in order to make the connection of the concept.
10.2 Teacher’s Role and Student’s Role in the CPS Learning Model
In the CPS learning model, teacher will be a facilitator in learning process. The
responsibility of the teacher is using various teaching strategies by emphasizing the
discussions and using the question to engage students to solve the problem. In addition,
the teacher has to provide appropriate environmental conditions that encourage creative

functioning, thus eliminating external blocks.
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The students have to work collaboratively with full potential. They have to do

the work and share idea with peers in each step of activity.

In order to be practical in teaching and learning science, the researcher has

shown the teacher’s role and student’s role in each step of the CPS learning model in

TABLE 5:

TABLE 5 THE PROCEDURE OF THE CPS LEARNING MODEL

Procedure

Teacher’s Role

Student’s Role

Step I: Engaging
This is a step for
engaging students
while exploring and
revising the basic
concept of the

students

- Engage students to reconsider about their
existing knowledge.

- Pose problem situation.to activate
students’ thinking.

- Evaluate the students’ réédiness by
considering_the studeﬁts’ answers, «

- If students show lack of background
knowledge; the teacher uses questions
guiding’ students;to reach,the,goal.

- Informing the-learning objective of this
activity="

- Set a readiness to:dosthe activity by
categorizing,students finto’'small groups.

- Observing the. students ‘behaviors in the

classroom and evaluation.

- Participating in all activities.

- Observe, discuss, think, and
present the questions related to
the situations.

- Inspect own knowledge and
search for more necessary
information for understanding the
situation.

- Present the questions and
discuss with other students in
the classroom including
participating in the activity with
full potential.

- Do the related work sheet.

Step II: Problem
Exploring

The activities in this
step point out to
make the students
aware of the problem
or situation and
endeavor to grasp the
problem including
identify the scope of

the problem.

- Present the problem situation to the
classroom.

- Provide students more time to explore the
problem situation.

- Activate students working in small groups.
- Push students to pose the possible
questions as much as they can.

- Provide students with a chance to share
their questions in the whole class.

- Guide the students to group the questions
that they presented.

- Accompany with students in discussion.

- Working in small groups.

- Endeavor to grasp the problem
situation by using the
experience, science process and
other skills.

- Present the related question as
much.

- Do the work sheet.

- Share the questions to the
whole class.

- Join in activity to classify and

group the questions.
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Procedure

Teacher’s Role

Student’s Role

- Activate students to make a consensus
for finding the possible questions that can
bring us reach to the learning objective in
that activity.

- Be a good facilitator and good advisor.
- Observe the students’ actions and

students work sheet and evaluation.

- Participate in discussion to find
the suitable questions.
- Complete the related part of

work sheet.

Step llI: Solution
Creating

The activities served
in the third step
emphasize practicing
the students’ creative
problem solving skill
by developing the

alternative solutions.

- Provide students with a time to search
and discuss for creating alternative
solutions of the:question.

- Observe the Students actions presented
when they are deing activities and
evaluation.

- I the teacher mentions that the ‘actions
they presented cannot let.them find the
solution, of the-question,-the-teacher have
to'\guide ‘the students by using-conversation
that lead them to bessuccessful:

- Motivate“students’inieach small group to
generate theralternative' solutions as 'much
as they can.

- Observe and evaluate the alternative
solutions that the students presented.

- Provide students with an opportunity to
share their solutions to the whole class.

- Guide the students to group and classify
the solutions that they presented and
compare the strong point and the weak
point of each plan.

- Accompany with students in discussion.
- Activate students to make a consensus
for finding the workable solutions.

- Be a food facilitator and good advisor.

- Study, search, and keep
conversation in a small group
what things they have known are
and what things it is necessary
to know are.

- Develop the possible solutions
of the question as much.

- Collect data they have got.

- Share the solutions they got to
the whole class.

- Participate in activity to classify
and group the solutions.

- Participate in brainstorming to
compare the strong point and
the weak point of each solution.
- Make decision to choose the
workable solutions.

- Complete the related part of

work sheet.
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Procedure Teacher’s Role Student’s Role
- Observe the students actions and
students work sheet.
- Evaluate the students thinking skills.
Step IV: Plan - Provide students with a time to discuss, | - Work in a small group to
Executing search and design a plan to find the consider their existing knowledge.

It is the fourth step of
the CPS learning
model, the students
are trained the
creative problem
solving skill through
planning and
executing. Finally, the
students should
develop the concept
or explanation that
they have discovered

from the activities.

answer to the question.

- Observe the students actions presented
while they are doing activities and
evaluation.

- If the teacher.mentions that the actions
they presented cannot Ief thent reach the
plan or.method for gefting: answer to
question,the teacher has to guideithe
students by 'using conversation Ieadingr

thém to be successful.

- Motivate ‘students-in-each-small group to"

design:the plans-as muchas-they can.

- Provide istudents"with-an“opportunity to
share their plansitojthe whole-class.

- Guide the students to'gfolp and classify
the plans that they presented and
compare the strong point and the weak
point of each plan.

- Accompany with students in discussion.
- Activate students to make a consensus
for finding the workable plans.

- Ask the students in each small group to
plan the process, assign the job, and
pursue the plan.

- Remind the student to collect data and

evidence while they are doing the activity.

- Self evaluate whether or not
they have enough knowledge to
solve the problem.
- Search more useful information.
- Connect background knowledge
with the information they got for
planning the method that can
bring the answer to the question.
= Plan the possible methods to
find the answer as much.
- Collect data and information
they have got.
- Share the possible planning they
got in the whole class.
- Participate in activity to classify
and group the plan.
- Participate in brainstorming to
compare the strong point and the
weak point of each plan including
concern the workable of each
plan.
- Make decision to choose the
potential plans.
- Revise the plan again in a small
group.
- Design a plan and assign job for

everyone.
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Procedure

Teacher’s Role

Student’s Role

- Ask the students in each group to
construct the answers or explanations
from existing evidence.

- Raise the questions to recheck the
students’ explanation understanding.

- Be a food facilitator and good advisor.
- Observe the students’ actions and
students’ work sheet.

- Evaluate the students’ thinking skills.

- Carry out following the plan.
Collect data and evidence they
discover when proceeding.

- Construct the answers or
explanations to the question from
the existing data or evidence.

- Discuss in small groups to
investigate the accuracy of the
developed explanation and make
them get a deeper understanding
with the explanation

- Note the explanation in the work

sheet.

Step V: Concept
Examining

The significance of
the activities
supported in this step
is to inspect the
concepts presented
by the students and
adjust the concept
harmonizing with the
scientific knowledge
including making the
students get a deeper

understanding

- Affordithe: students in each group an
opportL‘jnity to_present their.explanations
to a whole class:

- Accompany:with-other-students asking

the questions, for verifyingthe explanation.

- Drive the studehts_ to show the evidence
supported thesexplahation.

- Pose the questions pushing students to
give a reason to support the explanation.
- Ask students to work in small group
again.

- Drive students comparing their
explanation and other explanations.

- Suggest students improving their
explanation.

- Ask students to search more scientific
knowledge from other resources and
consider whether or not their explanation

complements scientific knowledge.

- Present their explanation in the

whole class.

‘| = Participate with others in

discussion.

- Note other explanations in to the
work sheet.

- Work in small group to compare
their explanation and others
whether or not their explanation is
different or similar with others.

- Look for the errors of whole
process and consider improving
process.

- Search more knowledge from
other resources and use it to be
the explanation reference.

- Consider the consistency of their
explanation and scientific

knowledge.
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Procedure

Teacher’s Role

Student’s Role

- Accompany all students discussing and
constructing a good explanation together.
- Pose the related problem to activate
students applying the explanation to the
new situation.

- Use the questions to evaluate whether
or not the students can apply and expand
the explanation to the new situation.

If the students show has no enough
potential to do,the teacher has to assign
themmore horfiework.

- Qbserve the ]stude’nt'é actions'and :
students.work;sheet.

- Evalgate the students’ knowledge and
thir)kingj’sk‘ills.

= Be afood facilitator-and-good-advisor.

- Work in small groups to improve
their explanation.

- Note the explanation in the work
sheet.

- Participate with others in the
class to construct the best
explanation

- Note the completed explanation
in the sheet.

- Search more knowledge and
apply the existing explanation to
solve the problem in new
situation.

- \Accomplish the assignment by
working following the step of the
CPS learning model and prepare
the presentation to show in the

next class.




CHAPTER 3
RESEARCH METHODOLOGY

This chapter described the details of methodology that were used for conducting

the research. It consists of five phases as follows:

Phase 1: Studying Basic Data and Related Literature
1.1 Studying related literature

1.2 Informally interviewing the science teachers
Phase 2: Developing the CPS Learning Model and Research Tools

2.1 Developing.and examining the efficiency of the CPS Learning Model
2.2 Developing, “and “examining_the: _efficiency of Learning Unit and
Instructional®Materials

2.3 Developing-and -examining-the -efficiency «of Assessment Forms
Phase 3: Conducting a'Pilot'Study

Phase 4: Implementing.the CPS Learning Model
4.1 Experimental Besign
4.2 Participants
4.3 Implementation
4.4 Data Collection
4.5 Data Analysis

The procedure of this research was summarized in FIGURE 11.



1. Studying Basic
Data and Related

Literature

A 4

2. Developing the
CPS Learning Model

and Research Tools
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1. Reviewing literature related to the development of
science learning model, and curriculum and
instructional design

2. Interviewing the science teachers about the
problem in science teaching, and the appropriable

learning model

A\ 4

3. Conducting

1. Developing and examining the efficiency of the CPS
Learning Model

2. Developing and examining the efficiency of
Learning Unit and Instructional Materials

4. Developing and examining the efficiency of

Assessment Forms

a Pilot Study

4. Implementing

the CPS

1. Conducting pilot study to test the feasibility of the
CPS learning model with the seventh grade
students

2. Revising the CPS learning model, and research

tools

Learning Model

A 4

1. Using a pretest-posttest control-group design

2. Implementing the CPS learning model in the
experimental group and the conventional learning
model in the control group

3. Collecting data

4. Analyzing data

FIGURE 11 OVERVIEW OF RESEARCH PROCEDURE
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Phase 1: Studying Basic Data and Related Literature

The purpose of this phase was to study the basic data and the situations about
the teaching and learning science in Thailand, which consisted of two methods:

1.1 Studying related literature: this step involved studying and considering
related literature regarding science learning theories, science instructions and evaluations,
Thai National Education act B.E. 2542 (1999), Thai National Science Curriculum Standard,
Constructivism, Inquiry, Five Essential Features of Classroom Inquiry, Creative Problem
Solving Approach, Scientific Creativity, Cognition of Science Domain based on Depth of
Knowledge (DOK) Levels for Science, Scientific Attitudes and other relevant literature.

The information gained was used to develop a draft of the CPS learning
model and other research instruments.

1.2 Informally interviewing the science teachers: The purpose of this step
was to study the basic data, problems-<and, needs about learning model by interviewing the
science teachers. The science teachers Who participated in this interview were science
teachers who were teaching science at Borabuwittayakhan School and Wungplado School.
The researcher posed the questionstand-kept|the-conversatieon with the science teachers
about what the science” learning model should be, and what the science classroom’s
problems were. The interview,data were analyzed, summarized and used as the basic data
in developing the CPS learning:model:

The information fromsteachers’ interview;indicated that the science learning
model should focus on student:centeredness,-moresactivities, a variety of instructional
methods, practice of thinking skills especially problem solving, critical thinking and creative
thinking. Also, the learning model should allow students to do their independent study. In
addition, the results of interviewing pointed to the problem in science classroom as follows:

* The content of science had many details and was quite deep. Therefore,
it was difficult to manage all contents that fit the time and the learning model.

* Normally, the teachers taught science following the textbook including
using the suggestion of instructional technique in the teacher guide book. The teachers
found that they were similar techniques with which the students were bored. Moreover, the
exercises in the textbook were irrelevant to their real life.

« It was difficult to change the traditional teaching (teacher-centered
instruction) to the student-centered instruction because the teachers lacked knowledge

about pedagogy and using instructional materials. Moreover, the students lacked the
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readiness to learn with the new technique. The result of the large class size, 50 students,

made the teachers fail to manage the inquiry classroom.

Phase 2: Developing the CPS Learning Model and Research Tools
The purpose of this phase was to develop the CPS learning model, learning units
and research tools.
2.1 Developing the CPS Learning Model
2.1.1 Participants
(1) Participating teachers: there were two science teachers who were
teaching Matter and Properties of Matter at Borabuwittayakhan School and Wungplado
School, respectively. They appeared to be experts who gave the researcher suggestions
during the development of CPS learning model. Moreover, they helped to verify the draft of
CPS learning model by implementing-the CPS I€arning model in the classrooms. They
analyzed the data elicited from observing the classroom “while using the draft of CPS
learning model and helped_ thestesearcher improve the CRS learning model.
(2) Participating students:

- There were two classrooms of eighth, grade students who were
studying Matter and "properties ‘of Matter at Borabuwittayakhan School and Wungplado
School, respectively. They .were samples who' participated_in testing the feasibility of the
draft of CPS learning model and therassessment tools.

- There was.an eighth grade.student who was learning acid-base at a
school in Bangkok. She participated in"conducting the one-by-one technique for testing the
feasibility of the draft of CPS learning model. The data collected from this was used to
improve the draft of CPS learning model.

2.1.2 Developing and examining the efficiency of the CPS learning model

The creative problem solving approach and five essential features of
inquiry were used as the main concepts to develop the CPS learning model. The objectives
of the development the CPS learning model were to encourage the students’ creative
problem solving skill and increase students’ learning achievement. This model encouraged
the students to think creatively and logically in every step of learning process. The
processes of developing the CPS learning model were as follows:

(1) Studying and analyzing all information from the first phase to design the

learning model.
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(2) Setting up the goal for providing the content areas which were covered
in the content of the learning model. This step was based on the Basic Education
Curriculum A.D.2008 strand titles.

(3) Setting up the learning model objectives and learning outcomes, which
were substantial for organizing the courses.

(4) Writing the first draft of CPS learning model by using the creative
problem solving approach and five essential features of inquiry as the main theoretical
framework. In order to verify the appropriateness of the first draft of the learning model, the
advisors examined the consistency of the draft of learning model. The first draft of CPS
learning model constructed in this step consisted of five steps: Problem Exploring, Solution
Formulating, Planning and Executing, Inspecting and Acceptance Finding, and Evaluating

as shown in FIGURE 12.

Problem

Exploring

> )

Evaluating Formulating

Solution

Planning and
Inspecting and Executing

Acceptance Finding J

FIGURE 12 THE FIRST DRAFT OF CPS LEARNING MODEL

(5) Testing the feasibility of the first draft of CPS learning model by using
one-by-one technique with an eighth grade student who was learning in acid-base.
(6) Revising the first draft of CPS learning model as follows:
e Each step of the CPS learning model should get more specific
because it is lost of details that make the students hard to implementation.
* The teacher should evaluate students in every step to verify whether
students do the expected activity.
In order to verify the appropriateness of the second draft of CPS
learning model, the advisors examined the model consistency. The second draft of CPS
learning model consisted of six steps: Awareness of Doubt, Understanding and Identifying

Problem, Generating Ideas, Finding Solution, Devising Plan and Taking Action, and Looking
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back and Revising new Ideas as shown in FIGURE 13. This CPS learning model had more

steps than the old one as it would be easy to use in the classroom.

Awareness

of Doubt

Looking back Understanding

& revising new & Identifying

Problem

AW

2

Generating

Evaluating

Devising Plan

& Taking Action Ideas

Finding

Solution

FIGURE 13 THE SECOND.DRAFT OF:GPS LEARNING MODEL

(7) Trying out the'learning model with the,lower secondary school
students. The sample group that parlicipated in'this step was two classrooms of eighth
grade students who were studying science-at-Borabuwittayakhan School and Wungplado
School. The teacher and students’ feedbacks that were collected from this step were used
in improving the CPS learning,model.

(8) Improving thexdraft of-CPS learning model as follows:

« Due to a lothof steps ofithe CPS learning model, it was quite
redundant and confused the students. The feedbacks showed that the steps of the CPS
learning model were overlapping and unclear. Therefore, it should be adapted by reducing
the steps of the learning model and make it more clearly in every step.

After completing the processes above, the draft of CPS learning model
was developed. The CPS learning model comprises five steps: Engaging, Problem
Exploring, Solutions Creating, Plan Executing, and Concepts Examining including evaluating

in every step as shown in FIGURE 14.
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5. Concepts

Examining

2. Problem

Exploring

3. Solutions

Creating

FIGURE 14 THE LAST DRAFT OF CPS LEARNING MODEL

(9) Examining efficiency of the «\CPS learning model: The CPS learning
model was examined by five expertst The experts' econsidered appropriateness, consistency,
and gave some suggestions.

(10) Gathering.-and*analyzing; the: data, for the appropriateness and the
consistency by considering the following:

The appropriateness evaluation:of the CPS. learning model
The=appropriateness level of ‘each: statement was ranged as the

following scores: (Srisaaud. 2543 : 99-100; Best. 1981, : 482)

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

The data from the evaluation form was analyzed by calculating the

mean scores and assigning weightings as follows:

Mean scores Appropriateness level
451 - 5.00 Very high level
3.51-4.50 High level
2.51-3.50 Moderate level
1.51 -250 Low level

1.00 - 1.50 Very low level
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If the CPS learning model evaluated by the experts has the level of
appropriateness higher than 3.50, it would mean the CPS learning model is appropriate.
The results of evaluation showed mean scores from 4.60 to 5.00 and standard deviation
from 0.00 to 0.55 which means the CPS learning model was appropriate at the very high
level. It supported the principles and the goals of the learning model, whereas the rest was
appropriate at the very high level. More details of experts’ consideration were shown in
APPENDIX C.

The consistency evaluation of the CPS learning model

The consistency of the CPS learning model was analyzed by

calculating Index of Item Objective Consistency (IOC) (Boonruangrat. 2528 : 63-64; citing

Rovinelli; & Hambleton. 1977). The ranging of items was assigned weightings as follows:

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

The-data from-the. evaluation ‘form- was analyzed to find the Index

of Item Objective Consistency (IOC) using the following formula:

{OCT=9%—

Where IOC means=index of Item_Objective Consistency

ZR means Summation ofiexperts’ opinion marks
N means a number of experts
If the Index of Item Objective Consistency (IOC) is higher than 0.5,
it means the components of the CPS learning model have internal consistency. The results
of the Index of Item Objective Consistency (IOC) indicated that all of the Index of Item
Objective Consistency (IOC) was 1.00 whereas the standard deviation was 0.00 which
means the CPS learning model was consistent. More details of experts’ consideration were
shown in APPENDIX C.
(11) Improving CPS learning model according to the experts’ suggestions
as follows:
e In order to emphasize students practicing the creative and logical
thinking, the CPS learning model should clearly illustrate both of them. Moreover, both

creative and logical thinking should be included in all steps of the CPS learning model.
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Finally, the appropriate CPS learning model consisted of five steps:
Engaging, Problem Exploring, Solutions Creating, Plan Executing, and Concepts Examining.
Every step of CPS learning model included evaluating and exposing students to practicing

creative and logical thinking as shown in FIGURE 15.

. Concept

Examlnlng

% .
‘% 4.Plan o3y Evaluating .

Executing l
3 3. 'Solution
o
% Creating

FIGURE 15 THE CPS LEARNING-MODEL

2.2 Developing and <examining the'“efficiency of learning units and
instructional materials :

The learning units were“developed based on the principle of CPS learning
model. The documents that were constructed in this step consisted of the teacher’s guide
book and the student’s guide books. The processes of developing learning units were as
follows:

(1) Planning of units: the researcher studied National Science Curriculum
Standards in the basic education curriculum B.E. 2551 and the aims of formulation of
science teaching and learning. The content in this study was in the subject of science,
Substance 3: Properties of Matter, for seventh grade students. After that, the researcher
studied information about content area regarding the expected learning outcomes, and
previous instructional experiences of the students as well as considered the available
instructional materials. Framework of concepts of the learning units based the CPS learning

model in this study was showed in TABLE 6.
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TABLE 6 LEARNING UNITS FOR THE CPS LEARNING MODEL

Learning unit Content Periods The CPS activities
1. The Matter |1. Matter 10 - Brainstorming: Matter Changing in
2. Homogeneous and Daily Life
heterogeneous - Brainstorming: Moo Ka Ta and Heat
3. Chemical Change, Physical transfer
Change - Detective Project : Wonderful Bottle
4. Heat and Temperature
5. State of Matter
6. Heat Transferring
7. Colloid, Solution, Suspension
2. Solution 1. Solution, Solute, Solvent 9 - Brainstorming: Acid Rain
2. Solubility - Brainstorming: Solubility and Daily Life
3. Concentration J -'Brainstorming: Action of Solution in
4. Factors affecting dissolution:of. Daily Life
substances #Detective Project : Finding Solubility of
Matter
- Detegtive Project : Factor of Dissolving
3. Acid — Base | 1. Acid —'Baseé properties 8 - Brainstorming: Acid-Base in Daily Life
in Daily Life | 2. pH values ' “Detective Project: Invisible Letter
3. Acid — Base in‘daily life
Total 27

(2)

components of unit plans that were title, instruction objectives, materials and equipments,

Determining resource unit and teaching unit: this consisted of basic

time frame, instructional activities, resources, and evaluation.

(3) Planning science lessons: the researcher studied and wrote the lesson
plans.

(4) Determining science lessons: science lessons consisted of the title,
purpose, instructional objectives, main concepts, materials and equipments, instructional
activities, and assessments.

(5) Writing documents: the teacher’'s guide book consisted of the basic
information on teaching and learning with the CPS learning model and lesson plans. The

student’s guide books consisted of learning activities, learning resources, work sheets, and

assessment forms. In this step, the researcher set a draft of goals, learning outline, and
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intended learning outcomes. In order to verify the appropriateness of the documents, the
advisors examined the consistency of the documents.

(6) Examining efficiency of the units: The teacher’'s guide book and the
student’s guide books were examined by five experts. The experts considered content
validity by using Index of ltem Objective Consistency (IOC) (Osterlind. 1998: 263) and gave
some suggestions. The results of the lesson plans consistency evaluation indicated the
Index of ltem Objective Consistency (IOC) from 0.80 to 1.00 and standard deviation from
0.00 to 0.45. This indicated that the lesson plans were consistent. Additionally, the results of
the student’s guide books appropriateness evaluation showed the mean scores from 4.80 to
5.00 and standard deviation from 0.00 to 0.45. These revealed that the student’s guide
books were appropriate at the very high level. The student’s guide books supported the
principles and the goals of the CPS._learning model, whereas the rest was appropriate at
the very high level. More details of experts’ consideration are. shown in APPENDIX C.

(7) Revising documents following experts’ suggestions as follows:

e Activities,should be real examples_forsstudents to study as much as
possible instead of the pictures and_the examples should be i the.daily life.

* The lesson planssshould:beradjusted to be clear and easy enough to
apply such as adding'thedetails ‘of some steps|in lesson plans or in activities and adjusting
the language used in writing activities etc.

* Instructional‘material should_be more attractive to students in order to
gain their attention and motivate.them to learn.

» The student’s guide books should be revised in terms of wording and
pictures.

* The journal in the student’s guide books should be shorter and easier
to understand.

* The activities of the student’s guide books should be adjusted to fit
time allocation. All activities should not be open-ended inquiry activity because they took
more time. The open-ended inquiry activity should be only some parts of the learning unit.

* Some parts of the content should be adjusted to fit the seventh grade
students.

The CPS learning model and instructional materials were improved as

stated above. Then, they were ready to be used in the pilot study.
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2.3 Developing and examining the efficiency of the assessment forms

The evaluation forms used in the study were achievement test, scientific
creativity test, creative problem solving test, creative problem solving self assessment form,
and scientific attitude inventory. Each of assessment form was developed as follows:

2.3.1 Learning achievement test: this form was used to assess students’
learning achievement. It evaluated whether the students achieve the expected goal of
learning unit. The researcher developed this test following the depth of knowledge (DOK)
approach (Webb. 1999), which was categorized into four levels: level 1: recall and
reproduction, level 2: skills and concepts, level 3: strategic thinking, and level 4: extended
thinking. The test consisted of 25 multiple-choice questions, each of which had four
alternatives and one correct answer and 5 open-ended questions. The items covered the
topic of “matter and properties of matter”; Matters;. Acid-Base, and Solution. The following
steps described the process of constructing test.

(1) Reviewing' thexrelevant documents focusing on the achievement test
construction.

(2) Constructing the table .of specification’_which included the content
knowledge and cognitive skills based on' learning objective.

(3) Constructing the draft of test|following te the table of specification. In
order to verify the appropriateness: of ‘the test, the: advisors examined the consistency
between the test and learning objectives and for the“correction of the answers.

(4) Checking the ‘content validity, by five experts. The test was offered to
the experts for the content validity check and suggestions such as the type of questions,
accuracy of the test, and wording. The quality of the test was considered from Index of Item
Objective Consistency (IOC) that obtained from the achievement test evaluation form
(Osterlind. 1998: 263).

(5) Analyzing the 10C index of the test items. If the Index of ltem Objective
Consistency (I0OC) of each item of the test was higher than 0.5, it means it was selected in
the test. The result of analyzing the IOC index showed that all test items were appropriate
and could be used in the test.

(6) Revising the test according to the experts’ comments and suggestions.

(7) Trying out the achievement test with the 98 eighth grade students from
Borabuwittayakhan School and Wungplado School. This was evaluated the level of difficulty

(p-value), item discrimination (r-value), and reliability coefficient by using Kruder's
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Richardson coefficient (Kr-20) for the multiple-choice questions and Alpha Coefficient of
Conbrach (QL) for open-ended questions (Gall; Borg; & Gall.1996:257). The item difficulty
(p) and item discriminability (r) were computed using the following formula:

The formula for the item difficulty was: p = A/N

where p = the item difficulty
A = the number of students who answered the item correctly
N = the total number of students who attempted the item

The formula for the item discriminability was: r = (A — B)/ (N/2)
where r = the item discriminability
A = the number of correct scores from the high scoring group
B = the number of correct scores from the low scoring group
N = the total number of students in two groups
The test items were selected by considering the p-value between 0.2 and
0.8 and the r-value above 0.2 (Kerlinger;J & Lee. 2000: 660-661). Determination of the
internal consistency reliabilitysof .ithe |achievement “test wsing for the multiple-choice
questions and open-ended questions were 0.79 and.0.94, respectively.

2.3.2 Scientific creativity test:“the“scientific creativity test was designed to
measure the students’ “scientific creativity skills before' and after learning with the
instructional activities. The reéearcher adapted the test"based on the Scientific Structure
Creativity Model (SSCM) (Hu; .& “Adey: 2002)7 that ‘consisted of four items, each of which
was open-ended questions. Tow.measure scientific creativity, this research focused on
creative thoughts and processes of scientists, rather than on product. Accordingly, this test
focused on the students’ traits that consisted of 1) fluency, 2) flexibility, and 3) originality.
This test construction followed these stages:

(1) Studying documents related to scientific creativity form and scoring
guide technique.

(2) Asking for permission to adapt the test.

(3) Writing the creative problem solving test and scoring rubrics of the test.
The test items were examined by the research advisors to verify the appropriateness of the
test in terms of the consistency between test items and the scoring rubric.

(4) Checking for the content validity of the test by five experts. The Index
of Item Objective Consistency (IOC) (Osterlind. 1998: 263) was used to check the content

validity as the same method as constructing achievement test. The items that gained the
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index value of more than 0.5 were selected.

(5) Revising the test according to the experts’ comments and suggestions.

(6) Trying out the scientific creativity test with the 98 seventh grade
students from Borabuwittayakhan School and Wungplado School.

(7) Evaluating level of difficulty (p-value), item discrimination (r-value), and
reliability coefficient by using Alpha Coefficient of Cronbach (Gall; Borg; & Gall.1996:257).
The items with the p-value between 0.20-0.80 and the r-value above 0.20 were selected.
The finding showed that the reliability of the test was 0.56.

2.3.3 Creative problem solving test: the creative problem solving test was
designed to identify students’ creative problem solving skills that pertained to “matter and
properties of matter’, and assessed their ability to use these conceptions to construct
explanations of the phenomena. This test that the.researcher developed is relevant to the
creative problem solving approach.” If..encouraged .,the students to think creatively and
logically until they successfully“solved the problem. It-focused on the process as opposed to
the results. Consequently, the test evaluated the creative problem solving skill focusing on
four aspects: 1) fluency, 2) flexibility, 3) originality, and 4).reasoning. The test consisted of
the five items in written open-ended-format whichrallowed the students to express their own
ideas in writing the answer=The questions were constructed according to the main step of
the CPS learning model: The construction of this test followed the steps:

(1) Studying“documents related to"creative problem solving and scoring
guide technique. :

(2) Defining the content to be evaluated.

(3) Writing the drafts of creative problem solving test and scoring rubrics of
the test. The test items were examined by the advisors to verify the appropriateness of the
test in terms of the consistency between test items and the scoring rubric.

(4) Checking for the content validity by the five experts. The Index of Item
Objective Consistency (IOC) (Osterlind. 1998: 263) was used to check the content validity
as the same method as constructing achievement test. The items that gained the index
value of more than 0.5 were selected.

(5) Revising the test according to the experts’ comments and suggestions.

(6) Trying out the creative problem solving test with the 98 seventh grade

students from Borabuwittayakhan School and Wungplado School.
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(7) Evaluating level of difficulty (p-value), item discrimination (r-value), and
reliability coefficient by using Alpha Coefficient of Cronbach (Gall; Borg; & Gall.1996:257).
The items with the p-value between 0.20-0.80 and the r-value above 0.20 were selected.
The finding showed that the reliability of the test was 0.69.

2.3.4 Creative problem solving self assessment form: This form that the
researcher developed used to evaluate the students’ creative problem solving skill. It was
used to evaluate themselves whether they were a good creative problem solver. The
creative problem solving self assessment form had 30 three-response Likert-type scale
statements to assess the students’ characteristics. The meaning of each score is as follow:

2.01-3.00 = Good
1.01 — 2.00 = Moderate
0.00 — 1.00 = Fair

This assessment construction as following stages:

(1) Studying,“documents related’ «to “creative problem solving self
assessment form to specify“thesconstruct domain and indicator.

(2) Writing the statements that matched the indicators. Then, a rating scale
questionnaire was constructed. It consisted of five: levels of agreement with the statements.
The creative problem"solving self.assessment form was examined by the advisors to verify
the appropriateness and consistency.of this assessmentform.

(3) Checking® for-the=content validity: by five experts. The Index of Item
Objective Consistency (I0C) (Osterlind.1998: 263) was used to check the content validity as
the same method as constructing achievement test. The items that gain the index value of
more than 0.5 were selected.

(4) Revising the test according to the experts’ comments and suggestions.

(5) Trying out the creative problem solving self assessment form with the
98 seventh grade students from Borabuwittayakhan School and Wungplado School.

(6) Evaluating reliability coefficient (Alpha Coefficient of Cronbach) of the
test (Gall, Borg; & Gall. 1996: 257). The reliability of the test was 0.76.

2.3.5 Scientific attitude inventory (SAI Il): this inventory was selected to use
in this research. This inventory was used to assess the students’ scientific attitudes. This
inventory was developed by Richard W. Moore in 1969. A revised version of the scientific
attitude inventory (SAIl) was developed and field tested in 1997. The SAIl Il had 40 five-

response Likert-type scale attitude statements to assess the students’ scientific attitude
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(Moore; & Foy. 1997). This inventory assessed the scientific attitudes with six statements
which consist of

S1: Scientific knowledge — 6 items

S2: Almighty of science and scientists— 6 items

S3: Scientific methodology — 6 items

S4: Functions of science — 6 items

S5: Science liberal education — 6 items

S6: Science interests and science careers — 10 items

The SAIl Il was scored by assigning point values to each of the attitude

items. Point values are assigned as shown in TABLE 7 (Moore; & Foy. 1997: 330-331).

TABLE 7 POINT VALUES FOR POSITIVE AND:NEGATIVE ITEMS

Positive ltems Negative ltems

Strongly agree 5 1
Mildly agree 4 2
12 neutral/undecided ) 3
Mildly disagree 2 4
Strongly disagree \ 1 5

This inventory*administered to_the students was presented in Thai version
by Punyain. Cronbach’s alpha reliability coefficient fordSAI'll for Thai was 0.81 (Punyain.
2008). The score the students’ creative thinking was set based on the rubric criteria. The
meaning of each score is as follows:

4.01 - 5.00 = Very high level
3.26 — 4.00 = High level

2.51 — 3.25 = Moderate level
1.76 — 2.50 = Low level

0.00 - 1.75 = very low level

The reliability, difficulty (p-value), and item discrimination (r-value) of each

assessment tools were determined and shown in TABLE 8.
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TABLE 8 THE RELIABILITY, DIFFICULTY AND ITEM DISCRIMINATION OF EACH
ASSESSMENT TOOL

Test Reliability Difficulty Item discrimination

(p-value) (r-value)

Achievement Test

- multiple-choice questions 0.79 0.20-0.80 >0.20
- open-end questions 0.94 0.20-0.80 >0.20
Creative Problem Solving Test 0.69 0.20-0.80 >0.20

Creative Problem Solving Self 0.76 - -

Assessment Form

Scientific Creativity Test 0.56 0.20-0.80 >0.20

Scientific Attitudes 908 _ % B ]

Phase 3: Conducting a Pilot Study

The feasibility of the CPSrlearning model was ‘discovered by conducting a pilot
study. The purpose of this step was to investigate whetherthe intended results occur after
the CPS learning model implementation. The pilot study helped the researcher to familiarize
herself with the teaching' strategies and.all materials before the implementation phase. This
phase helped to reveal problems that may. qceur during implementation. Also, information
about the participation between the reséarcher andsstudents was useful in improving the
learning model.

The subjects in pilot study were a seventh grade mixed student achievement
levels-classroom from a Sarakhampittayakhom School, Mahasarakham province. The
researcher conducted the pilot study with 54 seventh-grade students from August-
September 2010. The process was as follows:

(1) A seventh grade classroom was selected to participate in this step.

(2) Before the implementation, all students were asked to do achievement test,
creative problem solving test, creative problem solving self assessment form, scientific
creativity test, and scientific attitude inventory.

(3) Conducting a pilot study: the researcher taught students by using five
lesson plans from the CPS learning model. During the instruction, the researcher observed

and recorded the data about the teaching-learning processes, classroom atmosphere,
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learning management, learning environment, students’ behavior that occurred in the class,
in order to obtain data pertaining to the use of the CPS learning model.

(4) After the implementation, students were asked to do all the test and fill out
the creative problem solving self assessment form and scientific attitude inventory.

(5) The researcher analyzed data that were collected from a pilot study by
determining the differences between the pretest and posttest score to assess the
effectiveness of the CPS learning model. The results revealed that there was a positive
change in learning achievement, creative problem solving skill, scientific creativity skill, and
scientific attitude. Moreover, the results from creative problem solving self assessment
indicated that they had more confident to confront the problem. There were some problems
during the pilot study as follows.

Time management

» The sstudents, took more time in“order.to finish the activities in each
lesson plan. Specifically, they_spent more time to generate ideas in every step of the model.

* In'regular.-school day! it wasihard to get the students to walk to the
classroom on time. Therefore,lit affectedithe timetable'of the class periods.

Instructional materials

» There“were a lot of instructional fmaterials used in each activity.
Some instructional materials ‘were ‘expensive, fragile.or“disposable. Therefore, it was not
worth them to use in the classroom: Moreover, sofme,materials and chemicals used in the
laboratory were difficult to find in.the school’s faboratory.room.

* In the students’ guide books, there were a lot of scientific words
which were difficult to understand. Moreover, some journals in the student’s guide books
were too long and complicated for the seventh grade students, which forced them to spend
a long time to comprehend. In addition, some activities had little detail that explains what
students should do.

(6) Revising the instructional materials as follows:

» Adjusting the appropriate time for doing the activities and providing the
time for the students to arrive at the classroom.

* Appling the easy materials that could be found in daily life and were not
expensive to use in the classroom.

* Rewording in handouts by avoiding the ambiguity.

» Adapting the scientific journal in order to fit the students and be short and

easy to understand.
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* Revising the student’s guide books by adding more details and giving
more examples of each content as well as adding the pictures related to the contents by
emphasizing the pictures or situation that they are familiar with.

« Improving the lesson plans regarding the steps for the CPS learning

model and time for doing the activities.

Phase 4: Implementing the CPS learning model

This phase was aimed at collecting evidence with regard to how the CPS learning
model and the instruction affected students’ learning outcomes.

4.1 Experimental Design

The design of this study was a pretest-posttest control group design (adapted

from Campbell; & Stanley. 1963: 12) as.shown in.FIGURE 16. The CPS learning model and
student’s prior knowledge levels served«as ‘thesindependent variables, and the measure of
students’ learning achievement,”creative’problem=solving ‘skill, scientific creativity skill and
scientific attitudes served as dependent variables.. In this ‘design, the experimental group
and the control group were selected with random assignment. Both groups consisted of
students who had different prior knowledge levels that werescategorized using the norm

referenced evaluation. Only"the experimental group received*the treatment.

Experimental group: O X 0O,
Control group: 0, ~X (O]}

FIGURE 16 PRETEST-POSTEST CONTROL-GROUP DESIGN

Where the symbols indicated that
An experimental group received the treatment (the CPS learning model) while they
studied in the classroom.

A control group did not receive the treatment while they studied in the classroom.

0, is observation (or pretest).
X is the treatment using the CPS learning model.
~X is the instruction using the conventional learning model.

0o, is an additional observation (or posttest).
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4.2 Participants
The participants during the implementation phase consist of:

(1) Participating teacher: a teacher who was teaching science in seventh
grade at Borabuwittayakhan School, Mahasarakham. This teacher taught science with the
conventional learning model in the control group. In the experimental group, the CPS
learning model was taught by the researcher.

(2) Participating students: there were two classrooms of seventh grade
students that were studying in the second semester of the 2010 academic year of the
Borabuwittayakhan School, Mahasarakham. The classroom had approximately 40 students.
Two classrooms were selected by using simple random sampling technique with mixed
student achievement levels. One classroom was the control group and the other one was
the experimental group.

4.3. Implementation
This step was for ‘intraducing this teaching.and learning into the real classroom
in which the following sections:wereiconducted.
4.3.1 Experimental Group

The subject served‘in the experimental groupswas a classroom which was
selected by using simple random sampling technique from® ten classrooms with mixed
student achievement levelss The students in this groupiwere taught with the CPS learning
model by the researcher. The procedures for implementation were as follows:

(1) The instructer ‘asked the students.to do the pretest of all assessment
tools.

(2) The instructor assumed the teacher role as explained in the teacher’'s
guide book from the first activity until the last activity. The detail of the teacher’s roles and
the student's role in the CPS learning model were shown in APPENDIX B. During
implementing each lesson plan, the instructor observed the students’ characteristics that
pointed out into the creative problem solving behaviors including asking students to do the
creative problem solving self-assessment form in every 2 weeks. The students’ learning
outcome from observation and students’ work sheet in each activity was identified into the
progression of students’ creative problem solving skill.

(3) After finishing the instruction, the students were asked to do all

evaluation form of posttest as shown in TABLE 9.
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4.3.2 Control Group

The subject served in the control group was the other classroom which
was selected by using simple random sampling technique from ten classrooms with mixed
student achievement levels. The students in this group were taught with the conventional
learning model. The co-operative teacher who was teaching science to that classroom was
an instructor in the control group. The procedures for implementing the learning model were
as follows:

(1) Before implementation, the researcher met the teacher to create an
understand about the role of the instructor in the control group. The researcher had to
explain the goal of the study, and asked for collaboration.

(2) The instructor in the control group asked the students to do the pretest
by using the same test as the students in the experimental group.

(3) The instructor regularly conddcted the classroom as she had used.

(4) After finishing, the “instruction; «the*students were asked to do all
evaluation form of posttest as shown‘in TABLE 9.

4.4 Data Collection:
Data on students were “gathered ‘during .implementation phase. These data
were obtained at differenttimes, as shown in TABLE 9.
The students’.score of learning achievement, ‘creative problem solving skill,
scientific creativity skill, fand” scientifie attitudes_Wwere compared between the students
learning with conventional learning ‘model and the, students learning with the CPS learning

model before and after doing activity in both groups.

TABLE 9 RESEARCH TOOLS AND DATA COLLECTION PERIODS

Before the During the After the
Tools Instruction Instruction Instruction
(Both Group) (Experimental Group) | (Both Group)
1. Achievement test v v
2. Creative problem solving test v v
3. Creative problem solving self assessment v VY v
form
4. Scientific creativity test v v
5. Scientific attitude inventory v v
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4.5 Data Analysis
Upon completion of all instruments: learning achievement test, creative
problem solving test, creative problem solving self assessment form, scientific creativity test,
and scientific attitude inventory, the collected data were analyzed using the following

procedure:

4.5.1 Basic statistics such as mean, standard deviation, and variance were
calculated for the score of learning achievement, creative problem solving, scientific

creativity and scientific attitudes.
4.5.2 Statistics for hypothesis testing

(1) Statistics for assessing interaction between the learning models and the
students’ prior knowledge levels on students’ creative problem solving skill (hypothesis 1)
was two-way analysis of covariance, (Two-way ANCOVA) (Kerlinger; & Lee. 2000).

(2) Statistics = for,“analyzing="difference " of mean scores’ learning
achievement, scientific creativity ‘skill; creative problemssolving skill, and scientific attitudes
after students learn, through CPS learning: ' model. and eonventional learning model
(hypothesis 2) depended on the students’.pretest.score.

2.1 As the students’ pretest scores ofsboth groups were equivalent, the
t-test independent was selécted.to analyzing data (Kerlinger; & Lee. 2000).

2.2 As the students’ pretest scares of.both groups were not equivalent,
the one way analysis of covariances(One-way"ANCOVA)was selected to analyzing data by
using the pretest score to be a covariat;a (Kerlinger; & Lee. 2000).

2.3 The statistics selected for finding the progression of the creative
problem solving skill which assessed by using creative problem solving self assessment
form was One way repeated measure Analysis of Variance (One-Way repeated ANOVA)
(Kerlinger; & Lee. 2000).

(3) Analyzing difference of mean scores’ creative problem solving of
students who had different prior knowledge levels after they learned through the CPS
learning model by using non-parametric Kruskal Wallis Test and non-parametric Mann-

Whitney Test for testing hypothesis 3 (Kerlinger; & Lee. 2000).



CHAPTER 4
RESULTS OF THE STUDY

This chapter presented the findings of the data analysis for the development of
Creative Problem Solving (CPS) learning model which were presented in the following
order:
Section 1: The results of developing the CPS learning model

Section 2: The results of implementing the CPS learning model

Section 1: The results of developing the CPS learning model

After due consideration of.the background and rationale of the study and
related literature, the goals of.the sciences learninguactivities were purposed. The goals
correspond with issues and current_sciencel education., Besides, these goals aligned with
the goals of Thailand’s National “Education "Act-of B.E. 2542 (A.D.1999) and amendments
(Second National Education Actsof BIE. 2545 (A:D.” 2002)) ‘and the Basic Education
Curriculum B.E. 2554 (A.D. 2008). Thergoals of the CPS learning model were as follows.

1. To provide the students with the knowledge and understanding about
basic principles and theofies'covering matter_and properties»of matter through discussing
with the scientific real life situations and.encouraging students to have more participation in
learning as well as helping students to:bejable to“constructitheir own knowledge.

2. To provide the studentsswith ‘an_opportunity to learn by doing and finding
the evidence from other resources by themselves.

3. To provide the students with an opportunity to think and share their
ideas with others.

4. To enhance the students’ creative thinking and problem solving skills.

5. To enhance the students’ scientific attitudes.

6. To provide the students with an opportunity to have interaction with their
peers.

These goals focused on the development of science learning units. The next
step was to target the curriculum standards. This study focused on Sub-strand 3: Matter
and Properties of Matter within the Thai Basic Education Curriculum of 2008. The two
standards were used in the study. All parts of the two standards in this Sub-strand 3 which

were proper for seventh grade students were used to determine expected learning
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outcomes for development of the science learning activities. Following were the learning
standards purposed in the science learning activities:

1. The student should be able to experiment and classify substances into
groups by using their texture or particle size as criteria and explain properties of each group
of substances.

2. The student should be able to explain properties and transition of
substances by using particle arrangement models.

3. The student should be able to experiment and explain acid-base
properties of solutions.

4. The student should be able to verify pH value of solutions and apply
the knowledge gained for useful purposes.

5. The student should be able to experiment and explain methods of
preparing solutions with density in“perecentage and"discuss application of knowledge about
solutions for useful purposes. ‘

6. The student should be, able 'to ‘experiment and explain change of
properties, mass and/energy-of substances when-they ‘change state and dissolve.

7. The student should be able to experimentsand explain factors affecting
changes in the state and dissolution of substances.

There were three ‘main;topics drawn’from'the above learning standards for
developing the science learning: units based on the:CPS learning model. The topics covered
1) the matter, 2) solution, and 3) acidsbase in daily:life.

The topic above were used as the guideline to design the science learning
units consisting of fifteen lesson plans, teacher’'s guide book, and student’s guide books.
The lesson plans were written by applying sub-topics.

The teacher’'s guide book provided the teacher with necessary information
about the CPS learning model (e.g., basic principle, goal of the CPS learning model,
learning standards, description of the CPS learning model, mind map of content, learning
outcomes and lesson plans). It was useful for preparing the readiness of the teacher before
using the CPS learning model to be the instructional process.

The student’s guide books provided the participating student with necessary
information about the science learning activities (e.g., contents, activities, and learning
resource). They were used with the participating students in the pilot study and the

confirmatory study.
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The CPS learning model documents and the instructional materials were
examined by the advisors and were used in field trial study with two classrooms of the
lower secondary school students at Borabuwittayakhan School and Wungplado School for
verifying the CPS learning model. The teacher and students feedbacks were collected and
used to improve the CPS learning model. The results from the field trial study were used to
improve the step of the CPS learning model for more practicality. Finally, the CPS learning
model consisted of five steps: 1) Engaging, 2) Problem Exploring, 3) Solution Creating, 4)
Plan Executing, and 5) Concept Examining that included evaluating in every step as shown

in FIGURE 17. The detail of each step was presented as follows.
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FIGURE 17 THE CPS*LEARNING MODEL

Step I: Engaging: it is the beginning step of this model. The goals of this
step are engaging students while exploring and revising the basic concept of the students.
The teacher has to pose questions and use the conversation to raise the students’
enthusiasm, and ensure they are ready to learn the new conception.

Step II: Problem Exploring: this is the second step of the learning model.
The activities in this step aimed at making the students aware of the problem or situation
and endeavor to grasp the problem including identifying the scope of the problem. The
students have to apprehend the problem by looking at all views and pose questions.

Step Ill: Solution Creating: the activities included in the third step
emphasize practicing the students’ creative problem solving skill by developing the

alternative solutions. The students have to ask themselves what they have known, what
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they don’t know, and what they have to know. The students need to search more
knowledge from other resources to create ideas and develop the solutions to solve the
problem.

Step IV: Plan Executing: in the fourth step of the learning model, the
students are trained the creative problem solving skill through planning and executing. The
students have to brainstorm in a small group in order to design the way to solve the
problem and do the activities following the plan until figuring out the answer to the problem.
Finally, the students should develop the concept or explanation that they have discovered
from the activities.

Step V: Concept Examining: this is the last step of the CPS learning model.
The significance of the activities supported in this step is to inspect the concepts presented
by the students and adjust the concept based on the scientific knowledge including making
the students get a deepened understanding., This Step gives students a chance to present
and share their own concept to their classrﬁateé.

The descriptive conclusion of each step:of.the CPS learning model was shown

in TABLE 10. More details ofithe CPS-learning model are shown in APPENDIX B.



TABLE 10 THE DESCRIPTION OF THE CPS LEARNING MODEL

Step of the CPS Learning Model

Teacher’s Role

Student’s Role

Step I: Engaging

This is a step for engaging
students while exploring and revising

the basic concept of the students.

- Encouraging students to get more learning readiness.
- Examining the students’ background knowledge and raising them

more knowledge to connect with the.new concepts.

- Investigating own knowledge and finding
more information for understanding the
situation and preparing themselves to

learn new concepts.

Step II: Problem Exploring

The activities in this step aimed at
making the students aware of the
problem or situation and endeavor to
grasp the problem including identifying

the scope of the problem.

- Providing the problem situa?io_n to:the ;:I'assroom and activating all
students posing ‘the queéstion: relevan{ to the: situation.

- Encouraging the studeﬁts sharing their.questions’and identifying
the scope of'the question: .

- Evaluating“the Astudents and managing the students to do activities

supporting them to, practice the creative and logical fhinking.

- Grasping the problem and posing the
relevant questions as much with their full
potential.

- Sharing the questions with others and
discussing to find the suitable question for

solving the problem.

Step llI: Solution Creating

The activities served in the third
step emphasize practicing the students’
creative skill by

problem  solving

developing the alternative solutions.

- Providing ehougﬁ resource for the students.

- Allocating enoughtime=to studénts finding=the necessary data
they need. ' ;

- Motivating the students t;) find thesaltérnative solutions.

- Providing an opportunity to share ideas they had created and
making a consensus of the workable solutions.

- Evaluating the students and managing the students to do activities

supporting them to practice the creative and logical thinking.

- Finding the necessary data from other
resources to create the solutions as much
with their full potential.

- Sharing and brainstorming with others to

choose the workable solutions.

V6



TABLE 10 (continued)

Step of the CPS Learning Model

Teacher’s Role

Student’s Role

Step IV: Plan Executing
The students are trained the
creative skill

problem solving

through planning and executing.

- Providing sufficient equipments and instruments for students to solve
the problem.

- Encouraging the students to design the.plan to solve the problem.

- Providing an opportunity,;tershare ideas they'had created and discussing
to find the satisfying plan. 1] = :

- Allocating enough time to studentsrfor ading the "activities following their
plan and remindingsthem:to coIIJect data.

- Pushing the students to developtheir explanation. from the collected
data. : .

- Evaluating the :students and managing the students to do activities

supporting them 1o pracfice the creative and logical thinking.

- Developing the plan for solving a
problem as much with their full potential.
- Sharing the possible plan they got with
others and brainstorming for finding the
workable plan.

- Taking a plan for solving problem and
collecting data.

- Constructing the explanation from the

existing data.

Step V: Concept Examining

The activities supported
in this step are to inspect the
concepts and adjust the concept
based on the scientific knowledge
including making the students get

a deepened understanding.

- Allocating enough time to:students for bresenting theirsexplanation.

- Accompanying with students for asrking the®questions to verify their
explanation. -~

- Encouraging the students examining their explanation with the scientific
concepts.

- Participating with the students to clarify the explanation.

- Evaluating the students and managing the students to do activities

supporting them to practice the creative and logical thinking.

- Presenting the explanation they

constructed and sharing with others.
- Examining their explanation and
revising it to be more consistent with the

scientific concepts.

- Participating with the teacher and
others to construct the accurate
explanation.

G6
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Section 2: The results of implementing the CPS learning model

The data were collected from the five assessment tools. They consisted of 1)
Learning achievement test, 2) Creative problem solving test, 3) Creative problem solving
self assessment form, 4) Scientific creativity test and 5) Scientific attitudes inventory (SAl
II). The data were analyzed to test the research hypotheses as follows:

1. There is an interaction between the learning models and the students’ prior
knowledge levels that affects the students’ creative problem solving skill.

2. The students’ learning achievement, scientific creativity skill, creative
problem solving skill, and scientific attitudes of the experimental group after learning have
higher score than the control group with a statistically significant difference.

3. The creative problem solving.skill of the students who have different prior
knowledge levels after learning_through the CPS"learning model has statistically significant
different scores. :

The results of the CPS learningsmodel.implementation were presented below.

2.1 Comparison, the pretest score of learning achievement, scientific creativity
skill, creative problems=solving skill, and scientific attitudes between experimental
group and control group

The pretest score of 'student’s ‘learning®achievement, scientific creativity skill,
creative problem solving sKill, ‘and, scientificzattitudes “between experimental and control
group was analyzed by t-test independent. These results were used to specify the proper

statistics in the following. The resultsiof.data analysis were shown in TABLE 11,

TABLE 11 COMPARISONS OF THE PRETEST SCORE OF STUDENTS’ LEARNING
ACHIEVEMENT, SCIENTIFIC CREATIVITY, CREATIVE PROBLEM SOLVING, AND
SCIENTIFIC ATTITUDES BETWEEN THE EXPERIMENTAL AND CONTROL GROUP

Total ;
Test Aspects N df S.D. t p
Scores
Learning Overall
Achievement - Experimental group 46 1 40 13.04 | 2,99 | -3.53* | .001
test - Control group 48 40 15.29 | 3.18
Level1: Recall and Reproduction
- Experimental group 46 1 10 3.44 1.24 0.59 .553

- Control group 48 10 3.27 1.43
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Total —
Test Aspects N df X S.D. t P
Scores

Level2: Skills and Concepts
- Experimental group 46 1 10 3.02 1.34 -1.08 .285
- Control group 48 10 3.29 1.07
Level3: Strategic Thinking
- Experimental group 46 1 10 3.07 1.39 -3.95* | .000
- Control group 48 10 4.21 1.41
Level4: Extended Thinking
- Experimental group 46 1 10 3.52 215 | -2.05* | .044
- Control group 48 10 4.52 2.58

Scientific Overall

creativity test | - Experimental group 46 -1 - 8.20 3.59 | -4.81* | .000
- Control group 48 - 12.71 | 5.37
Fluency
- Experimental’group 46 1 12 3.35 1.23 -5.89* | .000
- Control group 48 12 5.06 | 1.58
Flexibility
- Experimental éroup 46 1 12 3.35 1.23 -4.53* | .000
- Control group 48 12 435 | 0.89
Originality
- Experimental group 46 1 - 1.59 1.68 | -3.05* | .003
- Control group 48 - 3.29 3.70

Creative Overall

problem - Experimental group 46 1 - 1248 | 4.84 | -6.33* | .000

solving test - Control group 48 - 19.12 | 5.34
Fluency
- Experimental group 46 1 15 4.80 1.57 | -5.30* | .000
- Control group 48 15 6.69 1.87
Flexibility
- Experimental group 46 1 15 4.78 1.66 | -5.85* | .000
- Control group 48 15 6.71 1.53
Originality
- Experimental group 46 1 - 1.17 1.02 -5.40* | .000
- Control group 48 - 2.88 1.92
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TABLE 11 (continued)

Total X
Test Aspects N df S.D. t P
Scores
Reasoning
- Experimental group 46 1 15 1.72 1.80 -2.69* | .009
- Control group 48 15 2.85 2.29
Scientific Overall
attitudes - Experimental group 46 1 4 3.22 0.23 -7.31* | .000
inventory - Control group 48 4 3.64 0.32
Scientific knowledge
- Experimental group 46 1 4 3.29 0.61 -3.33* | .001
- Control group 48 4 3.69 0.58
Almighty of science and
scientists Viulfl. .
- Experimental ‘group. * 246 1 4 3.29 0.45 | -3.06* | .003
- Contrglioaup : 48 4 358 | 048
Scientific methodology .
- Experimental Agr‘OUp 46 1 4 3.19 0.43 -4.12* | .000
- Control group 48 4 356 | 0.42
Functions ‘of science
- Experimental group 46 1 4 3.52 0.58 | -5.04* | .000
- Control group : L V48 ' 4 4.13 0.58
Science liberal education *
- Experimental group 46 1 4 3.09 0.45 | -3.59* | .001
- Control group 48 4 3.45 0.51
Science interests and
science careers
- Experimental group 46 1 4 3.03 0.46 | -5.06* | .000
- Control group 48 4 3.51 0.44

*p < .05

From TABLE 11, the t-test results showed that the students’ pretest mean scores
in overall of all assessment tests between the experimental and control group were
significantly different at the .05 level. As a result, the Analysis of Covariance (ANCOVA)

was selected to compare the data between the experimental and control group.
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2.2 Interaction between the CPS learning models and the students’ prior
knowledge levels on the students’ creative problem solving skill.

Along with TABLE 11, the t-test result of creative problem solving pretest score
between experimental group and control group was significantly different at the .05 level.
So, the two ways Analysis of Covariance (2-way ANCOVA) was used to find the interaction
between the CPS learning models and the students’ prior knowledge levels on the creative
problem solving skill. The data analysis was shown in TABLE 12 and 13.

TABLE 12 COMPARISON OF THE POSTTEST OF CREATIVE PROBLEM SOLVING
SCORES BY LEARNING MODELS AND PRIOR KNOWLEDGE LEVELS

Source X df F p Eta Square

Learning Models * Prior knowledge Level 2 0.361 0.698 0.008
Learning Models 1 100.650* 0.000 0.615

- CPS learning model 41.438

- Conventional learning model 23.273
Prior knowledge Levels 2 8.631* 0.000 0.536

- High 37.203

- Medium 31.404

- Low 28.495

*p<.05

TABLE 13 THE PAIRWISE COMPARISONS_OF THE CREATIVE PROBLEM SOLVING
SCORES AMONG THE STUDENTS® PRIOR KNOWLEDGE LEVELS

Mean (7() High(37.203) Medium(31.404) Low(28.495)
High(37.203) - 5.799* 8.745*
Medium(31.404) - - 2.945
Low(28.495) - - -
*p<.05

According to TABLE 12 and 13, the results showed that
1. The interaction between the learning models and students’ prior knowledge
levels on students’ creative problem solving skill was not significant at the .05 level. These
indicated that interaction between the learning models and students’ prior knowledge levels

was not found. The effect size (Eta Square) was 0.008 which was in very low level. These
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indicated that interaction between the group and students’ prior knowledge levels rarely had
effects on the students’ creative problem solving skill.

2. The learning models affecting students’ creative problem solving skill were
significant at the .05 level. These indicated that the learning models affected the students’
creative problem solving skill. According to TABLE 13, the mean scores of creative problem
solving skill of the students in the experimental group were higher than the control group.
The effect size (Eta Square) was 0.615 which was in the medium level. These indicated
that the CPS learning model had moderate effect on the students’ creative problem solving
skill.

3. The students’ prior knowledge levels affecting students’ creative problem
solving skill were significant at the .05 level. These indicated that the students’ prior
knowledge levels affected the students’ creative problem solving skill. The effect size (Eta
Square) was 0.536 which was in the medium level. These indicated that the students’ prior
knowledge levels had moderate, ‘effect oh the students’ creative problem solving skill.
Furthermore, the results from%TABLE 13 ,indicated. that there was significant difference
between the group of (1):high! prior-knowledge level-and medium prior knowledge level and

(2) high prior knowledge fevel and Tow prior knowledge level.

2.3 Comparison the: posttest scores of students’ learning achievement,
creative problem solving skill; scientific creativity skill and scientific attitudes

According to TABLE_11,:the Analysis: of Covariance (ANCOVA) was used to

compare significant difference of learning®achievement test, scientific creativity test, creative

problem solving test, and scientific attitudes inventory of the posttest scores between

experimental and control group by using pretest score to be a covariate. The data analysis

was shown in TABLE 14.

TABLE 14 COMPARISONS OF THE POSTTEST SCORES OF STUDENTS’' LEARNING
ACHIEVEMENT, SCIENTIFIC CREATIVITY, CREATIVE PROBLEM SOLVING, AND
SCIENTIFIC ATTITUDES BETWEEN THE EXPERIMENTAL AND CONTROL GROUP

Total Eta
Test Aspects N | df x | S.D. F p
Scores Square

Learning Overall
achievement | - Experimental group | 46 | 1 40 2481 | 3.23 | 67.11* | .000 | 0.424
test - Control group 48 40 18.10 | 4.11
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Total o Eta
Test Aspects N | df X | S.D. F p
Scores Square
Level1: Recall and
Reproduction
- Experimental group | 46 | 1 10 5.02 | 1.33 699 405 | 0.008
- Control group 48 10 479 | 1.26
Level2: Skills and
Concepts
- Experimental group | 46 | 1 10 5.02 | 1.33 | 78.308* | .000 | 0.463
- Control group 48 10 479 | 1.26
Level3: Strategic
Thinking V1 E
- Experimental group” _:46 “1 10 537 | 1.37 9.19* | .003 | 0.492
- Control gfoup 48 10 4710 1.25
Leveld: Extended
Thinkings : _
- Experiménial group | 46 | 1 10 8.67 | 2.77 | 24.43* | .000 | 0.212
- Control gr8up 48 104" 585 | 2.71
Scientific Overall .
creativity - Experimental‘group. | 46: i 2 2465 | 9.45 | 16.48* | .000 | 0.153
test - Control group 48 - 19.29 | 7.42
Fluency
- Experimental group | 46 | 1 12 8.09 | 260 | 13.99* | .000 | 0.533
- Control group 48 12 712 | 2.72
Flexibility
- Experimental group | 46 1 12 720 | 2.02 | 20.15* | .000 | 0.811
- Control group 48 12 562 | 1.41
Originality
- Experimental group | 46 | 1 - 9.37 | 573 8.87* | .004 | 0.809
- Control group 48 - 6.54 | 8.48
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Total . Eta
Test Aspects N | df X S.D. F p
Scores Square
Creative Overall
problem - Experimental group | 46 | 1 - 39.20 | 8.83 | 62.12* | .000 | 0.406
solving test - Control group 48 - 23.73 | 8.93
Fluency
- Experimental group | 46 | 1 15 10.70 | 2.17 | 41.04* | .000 | 0.311
- Control group 48 15 7.81 | 2.36
Flexibility
- Experimental group | 461 15 9.57 | 2.04 | 18.39* | .000 | 0.618
- Control group 48 15 8.08 | 2.20
Originality ‘
- Experimental group* 463 . 1 : - 7.93 | 3.96 | 23.00¢ | .000 | 0.352
- Control group 48 - 412 | 347
Reasoning
- Experimentai group | 461 1 15 9.54 | 225 | 127.71* | .000 | 0.584
- Control rgroup 48 15 3.74 | 2.70
Scientific Overall -
attitudes | - Experimental grolipy|«46 | 1 | ‘4 378 | 029 | 16.58* | .000 | 0.154
inventory | - Control group “agth 4°" 11359 | 0.28
Scientific '
knowledge 46 | 1 4 3.71 | 043 548 461 | 0.006
- Experimental group | 48 4 3.66 | 0.53
- Control group
Almighty of science
and scientists
- Experimental group | 46 1 4 3.79 | 044 6.71* .01 0.609
- Control group 48 4 3.56 | 042
Scientific
methodology 46 | 1 4 3.67 | 049 5.29* .024 | 0.550
- Experimental group | 48 4 3.47 | 0.36
- Control group




103

TABLE 14 (continued)

Total . Eta
Test Aspects N | df X S.D. F p

Scores Square
Functions of
science
- Experimental group | 46 1 4 3.08 | 048 1.02 316 | 0.011
- Control group 48 4 3.02 0.57
Science liberal
education
- Experimental group | 46 | 1 4 3.67 | 0.36 | 10.01* | .002 | 0.811
- Control group 48 4 3.37 | 0.41
Science interests
and science careers
- Experimental,grouph. | “46_ : 1 1 #4 379 | 0.41 | 14.94* | .000 | 0.411
- Control group 48 4 351 0.44

*p <.05

TABLE 14 showed tﬁe following:

1. Learning achievement
The result shbwed that the overall /mean scores of learning achievement
test were significantly different,at the=:05 Ievél and the effect size (Eta Square) was .424
which was in the medium level. Thése indicated_that the CPS learning model had moderate
effect on the students’ learning "achievement. Thoroughly, the students’ learning
achievement test mean scores level 2 (skill and concepts), level 3 (strategic thinking) and
level 4 (extended thinking) between the students in the experimental and control group
were significantly different at the .05 level. The effect sizes (Eta Square) were 0.463, 0.492
and 0.212, respectively which were in the medium level. These indicated that the CPS
learning model had moderate effect on the students’ learning achievement in terms of
strategic thinking and extended thinking. However, the result of the learning achievement
test mean scores in level 1 (recall and reproduction) was not significantly different at the .05
level and the effect size (Eta Square) was 0.088 which was in very low level. These
indicated that the CPS learning model rarely had effect on the students’ learning

achievement in terms of recall and reproduction.
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2. Scientific creativity skill

The ANCOVA results of students’ scientific creativity mean score in
overall between the students in the experimental and control group showed that they were
significantly different at the .05 level and the effect size (Eta Square) was 0.153 which was
in the low level. Additionally, the students’ mean scores in all aspects of scientific creativity
skill between the students in the experimental and control group showed that the mean
scores were significantly different at the .05 level. The effect sizes (Eta Square) of fluency,
flexibility, and originality were 0.533, 0.811 and 0.809, respectively which were in the high
level. These indicated that the CPS learning model had powerfully effect on all aspects of
scientific creativity skill.

Additionally, the observation data while the students were doing activity
supporting the creative thinking through many“instructional strategies indicated that they
had a progress in scientific creativity. In=case of doing, the activity following the step of the
CPS learning model, the students ‘could po‘se the questions, create many solutions, design
a lot of plans for solving a préblem’including constructing the ‘explanation. Using role play
as an instructional technique; each -group-of students showed,a very attractive and relevant
scenario. Moreover, the® Ruam: Duay Chuay Kan Kid, activity supported the scientific
creativity skill, the students™ behaviors of each|group‘indicated that they could understand
the scientific concept they had.earned and connect'toinew things.

3. Creative problem solvihg skill

The ANCOVA results: of the «students’ creative problem solving mean
scores in overall between the students'in the experimental and control group showed that
they were significantly different at the .05 level and the effect size (Eta Square) was 0.406
which was in the medium level. Additionally, the students’ mean scores in all aspects of
creative problem solving skill between the students in the experimental and control group
were significantly different at the .05 level. The effect sizes (Eta Square) of fluency,
flexibility, originality, and reasonability aspects were 0.311, 0.618, 0.352 and 0.584,
respectively which were in the medium and high level. These indicated that the CPS
learning model had powerfully effect on all aspects of creative problem solving skill.

Additionally, the creative problem solving self-assessment form was used
to evaluate five times: before implementing, the first during implementing (D1), the second

during implementing (D2), the third during implementing (D3), and after implementing in the
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experimental group for finding the students’ progress in creative problem solving skill. The
data were used to verify the students’ creative problem solving skill.
The mean scores of the students’ creative problem solving self

assessment were presented as mean ( Y) and standard deviation (S.D.) in TABLE 15.

TABLE 15 THE DESCRIPTIVE STATISTICS FOR THE SCORE OF CREATIVE PROBLEM
SOLVING SELF ASSESSMENT

Timing N Total Scores ; S.D.

Before implementing 46 3 2.1 0.12

During implementing

-The first time (D1) 46 3 212 0.16
-The second time(D2) 46 3 218 0.16
-The third time(D3) 46 3 2.26 0.18
After implementing 46 | "8 2.35 0.13

TABLE 15 showed the .mean scores and ‘standard deviation of the creative
problem solving self—-assesgment. lt-wasi found. ‘that. the  mean scores of before
implementing, the first during implementing (D1), the second during implementing (D2), the
third during implementing. (D3), "and after implementing were: 211, 212, 2.18, 2.26 and
2.35, respectively. The FIGURE 18, showed the:different,mean scores in each time of
evaluation of creative problem solving self-asséssment form.

Mean Score
2.4 -

2.35 A
2.3 A

2.25 -
2.2 A 2.18

2.15 A 2.12

2.05 -
Times of

Measurement
1.95 T T T T 1

FIGURE 18 THE MEAN SCORES PLOT OF CREATIVE PROBLEM SOLVING
SELF ASSESSMENT FORM IN EACH TIME
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The mean score plot of creative problem solving self assessment showed that, in
the beginning of measurement, the students’ mean scores slightly increased while later the
measurement of the students’ mean scores considerably increased.

The One way repeated measure Analysis of Variance (One-Way repeated
ANOVA) was used to compare the significant difference of the mean scores among groups.

The data analysis was shown in TABLE 16.

TABLE 16 COMPARISON OF THE STUDENTS’ CREATIVE PROVLEM SOLVING SELF
ASSESSMENT SCORES AMONG GROUPS OF THE EVALUATION TIMING

Test N df F p Eta Square

Creative problem solving 5 4 29.526* | .000 .738

self assessment form

*p < 05
From TABLE 16, the fesult showed. the p-value_(.000) was lower than the .05 level
of significance. This indicatedsthat, the mean scores.samong groups were significantly
different at the .05 levelsThe effect size (Eta Square) was 0.738 which was in the high
level. Moreover, this restlt indicated that there“was significant difference in the creative
problem solving skillamong_groups. To compare the [difference between the adjusted

means of the scores in each péir, the.results are shownin'TABLE 17.

TABLE 17 THE PAIRWISE COMPARISONS -AMONG GROUPS OF DIFFERENCE TIMING
FOR CREATIVE PROBLEM SOLVING SELF-ASSESSMENT

Mean ( ¥ ) B(2.11) D1(2.12) D2(2.18) D3(2.26) A(2.35)
B(2.11) - 0.014 0.077 0.149* 0.246*
D1(2.12) - - 0.063 0.135* 0.233
D2(2.18) - - - 0.073 0.170*
D3(2.26) - - - - 0.097*
A(2.35) - - - - -

*p<.05

According to TABLE 17, the pair wise comparison results of different timing of
creative problem solving self-assessment. They were six pairs of significant differences at
the .05 level. There were between (1) before implementing and the third during
implementing, (2) before implementing and after implementing, (3) the first during

implementing and the third during implementing, (4) the first during implementing and after
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implementing, (5) the second during implementing and after implementing, and (6) the third
during implementing and after implementing.
The data of each level of the creative problem solving self assessment form

each time of were analyzed and shown in TABLE 18.

TABLE 18 THE DESCRIPTIVE STATISTICS FOR THE SCORE OF CREATIVE PROBLEM
SOLVING SELF-ASSESSMENT

Timing Level N Percentage
Before implementing 1 249 18.05
2 736 53.33
3 395 28.62
During implementing
T ®g 214 15.15
-The first time (D1) 2 : 776 56.23
3 390 28.62
1 257 18.62
-The second time(D2) 2 709 51.38
3 414 30.00
1 235 17.29
- The third time(D3) 2 707 51.23
3 416 31.48
ety 196 14.20
After implementing 2 599 43.41
3 585 42.39

To see how the percentage of students’ creative problem solving self
assessment in level of the creative problem solving self assessment form was, a graph of
the progress in students’ creative problem solving was shown in FIGURE 19.

According to the TABLE 18 and the FIGURE 19, they indicated that the
students had a progressive in creative problem solving skill when assessed with the
creative problem solving self assessment form. The students’ score had increased from the
fair level to the moderate and high level. Furthermore, they showed that in the beginning of
measurement the students’ mean scores was slightly increasing while in the later of

measurement the students’ mean scores was noticeably increasing.
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Percentage

50 -
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30 - D2
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FIGURE 19 THE PROGRESSION OF CREATIVE PROBLEM SOLVING SELF
ASSESSMENT [ v "

Furthermore.,-'tia'e sttjdents’ behaviors while dging the activity follow the step of
the CPS learning model. They- hada_progress'in_both creative and logical thinking. In the
early period of using the CPS learning: modgl; m93t; students could not share ideas much.
When they got encouragement, fréeddfﬁ,"érfd opportunity from the instructor, they had more
self-confidence that made them pose 'many questions, create alternative solutions, design a
lot of plans for solving a problem including constructing an explanation. For the first time to
do the activities, they had a lot of questions and obstacles. After they had learned to do the
scientific activity through the creative problem solving process, they could show more
potential to solve a problem with the creative problem skill. In case of doing the Detective
Project, activity supported the creative problem solving skill, each group of students could
share and discuss many ideas throughout the process of solving the problem. Finally, every
group could solve the problem and succeeded with excellent solution. Also, their work
presentation was equally good.

4. Scientific attitudes

The ANCOVA results of students’ scientific attitudes mean scores in

overall between the students in the experimental and control group indicated that they had

e Pretest

Posttest

Level
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high level of scientific attitudes and were significantly different at the .05 level. The effect
size (Eta Square) was 0.154 which was in the low level. Thoroughly, the students’ mean
scores in terms of “scientific knowledge” and “functions of science” between the students in
the experimental and control group were not significantly different at the .05 level. The
effect sizes (Eta Square) of them were 0.006 and 0.011, respectively which were in the very
low level. These indicated that the CPS learning model rarely had effect on scientific
attitude in terms of “scientific knowledge” and “functions of science”. The results of students’
scientific attitudes mean scores in aspects of “almighty of science and scientists”, “scientific
methodology”, “science liberal education”, and “science interests and science careers”
between the students in the experimental and control group indicated that they were
significantly different at the .05 level. The effect sizes (Eta Square) of them were 0.609,
0.550, 0.811 and 0.411, respectively.which were in.the high level. These indicated that the
CPS learning model had powerfully effect on scientific ‘attitudes in aspects of “almighty of

science and scientists”,

LTS

scientific methoddlogy, science, liberal education”, and “science
interests and science careers”.

Moreover, in case-study-of a student, heiwas ‘an isolation boy. He had a
low prior knowledge level! He did not like to learn science because he thought that scientific
knowledge was too "difficult_to.understand. [Thus, ‘he /swas not a smart student and
unenthusiastic that made. other’ students unwilling*to; work with him. He felt nervous and
hesitant to share ideas. The instructor:needed to pay mor€ attention to him and force him to
share ideas with other. After he learned with the «CPS.learning model that was carried out
within a safe environment and friendly  atmosphere, he had more self-confidence to share
ideas and participate in the activity with others. He looked more cheerful and enthusiastic to
do the activity with others. When the implementation process was completed, he gave the
instructor a message. His message was “Unbelievably, | like science. | don’t know when |
like science but | only know that | am looking forward to the science period. Scientific
activity makes me have more friends, make me funny when | do the experiments and help
my friend decorate the work sheet. Although | am a stupid students but in science
classroom | can share my own thinking with others, which makes me feel more valuable.
Finally, although | still stupid and still cannot understand scientific content, | enjoy learning
science. Thank you very much Khunkru.” This message indicated that the CPS learning

model can promote the students’ scientific attitudes.
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2.4 Comparison the creative problem solving skill posttest scores of the
students who have different prior knowledge levels in the experimental group.

The scores of the students’ creative problem solving skill in each level of prior

knowledge of the students who learned with the CPS learning model were presented as

mean ( X ), standard deviation (S.D.) and tested by non-parametric Kruskal Wallis as in

TABLE 19.

TABLE 19 THE DESCRIPTIVE STATISTICS OF CREATIVE PROBLEM SOLVING
POSTTEST SCORE OF STUDENTS WHO HAVE DIFFERENT PRIOR KNOWLEDGE
LEVELS IN THE EXPERIMENTAL GROUP

Prior knowledge levels N ; S.D. X2 p
Overall 46 39.20 4.69 12.922* .002
High 10 44.00 4.24
Medium 20 3855 4.32
Low 16 37.00 8.27
* p <.05

TABLE 19 showed: the. mean' scores. and standard deviation of the creative
problem solving skillIt was=found that-the mean-scores ,of group of high prior knowledge
level, medium prior knowledge'level, and low prior knowledge level were 44.00, 38.55 and
37.00, respectively. Moreover,,it"showed that*the mean” scores among the groups of prior
knowledge levels were significantly differentiatithe 0.05 evel.

The non-parametric Mann1Whitney test was used to determine the significant
difference of the mean posttest scores between each group. The data analysis was shown

in TABLE 20.

TABLE 20 COMPARISON OF THE STUDENTS' CREATIVE PROBLEM SOLVING
POSTTEST SCORES OF EACH GROUP OF THE DIFFERENT PRIOR KNOWLEDGE
LEVELS

Pairs Y4 U 0]
High - Medium -2.800 36.500* .005
High -Low -3.459 14.500* .001
Medium - Low -1.054 127.000 292

*p < .05
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According to TABLE 20, it showed the comparison results of difference level of
the students’ prior knowledge. There were 2 pairs of significant differences at the .05 level.
They were between the groups of (1) high prior knowledge level and medium prior
knowledge level, and (2) high prior knowledge level and low prior knowledge level.

Moreover, the observation data as to when the students were doing activity in
the classroom supported that the students with high prior knowledge level had high
potential to promote their creative problem solving skill. The observation data indicated that
the fact that the students were doing the activity promoted the creative thinking, posing the
questions in the problem exploring step. All of the students could pose the questions and
did the activity to get along well. They were not classified as the group based on the prior
knowledge level. Conversely, doing the activity promoted the logical thinking, giving the
reason to support their question and.make a decision to choose the question in the problem
exploring step. They showed different-potentials to do the activity. The students with high
prior knowledge level had more power to show thereasons, and explanation supporting their
ideas better than others., When they |lencountered the controversy, they had a good
background knowledge which ‘they—could sprocess  and. construct believable answers

immediately. This data supported the quantitative data.

2.5 Comparison, the learning achievement, scientific creativity, creative
problem solving, and scientific attitudes:between, the pretest and posttest scores of
the students with the different prior knowledge levels of the experimental group.

Moreover, the comparisoﬁ of thesstudents’ learning achievement, scientific
creativity, creative problem solving, and scientific attitudes between the pretest and posttest
scores of the students with the different prior knowledge levels of the experimental group
were presented as mean ( X ), standard deviation (S.D.) and tested by non-parametric

Kruskal Wallis as demonstrated in TABLE 21.
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TABLE 21 COMPARISON OF LEARNING ACHIEVEMENT, SCIENTIFIC CREATIVITY,
CREATIVE PROBLEM SOLVING, AND SCIENTIFIC ATTITUDES BETWEEN
PRETEST AND POSTTEST SCORE OF STUDENTS WITH DIFFERENT PRIOR
KNOWLEDGE LEVELS OF THE EXPERIMENTAL GROUP

Pretest Posttest
Test Level N — P — P
X S.D. X p X S.D. X P

Learning Overall | 46 | 13.04 | 1.25 | 39.510* | .000 | 24.81 | 3.23 6.854* | .032
Achievement High 10 | 17.20 | 0.63 25.88 | 3.14
test Medium | 20 | 12.50 | 0.89 25.00 | 2.66

Low 16 | 10.56 | 1.48 22.70 | 3.7
Scientific Overall | 46 | 8.20 3.59 0.318 .853 | 2465 | 945 6.391* | .041
creativity test High 10 | 8.50 3.86 26.94 | 8.92

Medium | 20 | 8.25 380 |  ® - 21.70 | 10.63

Low 16 {+7.50 2:88" ' = 4 18.90 | 5.22
Creative Overall | 46 | 1248 1484 ,| 4684 1096+ 39.20 | 4.69 12.922* | .002
problem High 10 4| 14:69 | 5:20 4400 | 4.24
solving test Medium 4 20| 11.35 /4,66 | 38165 | 4.32

Low 16y | 11.30 | 3:62 37.00 | 3.27
Scientific Overall | |#46 )3.22 0.23 0.105 949, |,3.78 0.29 2.766 251
attitudes High 10 {#3.25 *4.0.13 3.83 | 0.27
inventory Medium | 20 1,3.23." 10.24 | 3.82 0.31

Low 16 | 8.19% 4 0.26 364 |0.25

*p<.05

According to TABLE 21, the overall mean scores of the learning achievement,
scientific creativity, creative problem solving, and scientific attitudes of the students in all
prior knowledge levels were higher after taking the CPS learning model. Moreover, the
posttest mean scores of learning achievement, scientific creativity, and creative problem
solving among the prior knowledge levels were significantly different at the 0.05 level. It was
found that the group of high prior knowledge level was explicitly higher than others. There
were only the scientific attitudes that the posttest mean scores were not significantly
different at the 0.05 level. However, they indicated that the students in all prior knowledge
levels had changed the scientific attitudes levels from the moderate level to high level after

taking the CPS learning model.



CHAPTER 5
CONCLUSION AND DISCUSSION

This chapter presented the conclusions of the study, discussions, and

recommendations by presenting according to the following topics:

Research Objectives

The main purposes of this study were:
1. To develop the CPS learning model for seventh grade Thai students on
“Matter and Properties of Matter”.
2. To study the effects of implementing the CPS learning model.
2.1 To study the effects_of interaction between the learning models and the
students’ prior knowledge levels on;students’ creative.problem solving skill.
2.2 To study the effects of the CPS learning model on students’ learning
achievement, scientific creativity skill, creative problem solving®skKill, and scientific attitudes.
2.3 To study the-effectsuofuthesprior: knowledge levels of students who

learn through the CPS learning model on the creative problem,solving skill.

Research Hypotheses
For the purposes of the reséarch study, the following hypotheses were:

1. There is interaction between the learning models and the students’ prior
knowledge levels that affects the students’ creative problem solving skill.

2. The students’ learning achievement, scientific creativity skill, creative
problem solving skill, and scientific attitudes of the experimental group after learning have
higher scores than the control group with a statistically significant difference.

3. The creative problem solving skill of the students who have different prior
knowledge levels after learning through the CPS learning model has statistically significant

different scores.

Research Instruments

The research instruments used in this study consisted of:

1. The CPS learning model
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. The teacher’s guide book

. The student’s guide books

. The learning model evaluation form by experts
. The learning achievement test

. The scientific creativity test

. The creative problem solving test

. The creative problem solving self assessment form

© 00 N OO o ~ 0N

. The scientific attitude inventory

Research Methodology
The methodology for developing.the.CPS learning model in this study consisted of
five phases as follows:
Phase 1: Studying Basic Data and Related Literature
The purpose of this:phase,was'to.study-the basic data and problem situations
about teaching-learning processes for-designing-the. draft learning model. The data were
gathered through studying the relevantiliterature and interviewing the science teachers.
Phase 2: Developing the CPS Learning Model and Research Tools
The following*procedures were used in this phase:

2.1 Designing the learning model: the researcher developed the draft of
CPS learning model based on. five essential features of.inquiry and creative problem solving
approach.

2.2 Writing learning model documents: the researcher wrote the draft of
three learning units following the CPS learning model that consisted of: 1) principles, 2)
expected learning outcomes, 3) activity plans, 4) the teacher's guide book, 5) the students’
guide book, and 6) assessment forms.

2.3 The draft of CPS learning model and the instructional materials were
evaluated by the dissertation’s advisor committee. Some lesson plans and instructional
materials were implemented with learners in order to 1) test quality of the learning model in
case of time, appropriateness and flow of the instructional sequences, 2) check some
problems that might occur in the real situation. The feedbacks from the teachers and

students who participated in this step were used to improve the CPS learning model.
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2.4 The draft of CPS learning model and other instructional materials were
evaluated by five experts regarding the appropriateness and consistency of the learning
model.

Phase 3: Conducting a Pilot Study
The pilot study was conducted to test the quality of the draft of learning model
and to inspect the feasibility of using the learning model as well as to check wording of
handouts and learning materials. In addition, conducting a pilot study identified any
problems that happened during instruction.
Phase 4: Implementing the CPS Learning Model
This step aimed to implement the CPS learning model concerning matter and
properties of matter in a real classroom. The .CPS learning model was implemented with 94
seventh grade students (two__classrooms “of Borabuwittayakhan School located in
Mahasarakham province in Thailand) to-assess.the effectiveness of the learning model. The
Control-Group Pretest-Paosttest Design was‘used in‘this“phase. The subjects were randomly
assigned to be the experimentaland.control group., The.experimental group was taught with
the CPS learning model ‘while the “control:. group-did not receive any treatment. The data
were gathered by using’ the learning achievement test, the#scientific creativity test, the
creative problem solving test;ithe creative problem solving self-assessment form, and the

scientific attitude inventory.

Conclusions

The research findings were presented in the following sections:
Phase 1: Studying basic data and related literatures
The study the basic data consisted of two methods: 1) the study of relevant
literature for this study and 2) the interviewing science teachers who were teaching in
science at Borabuwittayakhan School and Wungplado School about problems and needs
for science instruction in terms of 1) the content of science 2) the instruction/pedagogy 3)
the instructional materials 4) the timing and 5) other comments and suggestions. The
results of this phase found that the five essential features of inquiry and creative problem
solving approach were a suitable approach to develop the CPS learning model.
Phase 2: Developing the CPS Learning Model and Research Tools
The researcher developed the CPS learning model based on five essential

features of inquiry and creative problem solving approach. Also, this learning model was
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based on the results of interviewing the science teachers. The researcher developed
learning units following the CPS learning model steps. They were also based on the Sth
standard strand of Thai National Education Standard. The CPS learning model consisted of
five steps: 1) engaging, 2) problem exploring, 3) solutions creating, 4) plan executing, and
5) concepts examining. Moreover, the results of examining efficiency of the CPS learning
model and the instructional materials showed that all components of the learning model
were related to each other. Additionally, comments and suggestions from the experts were
used to improve the CPS learning model and other instructional materials such as wording
and pictures in the student's guide books and the instructional plans, examples and
situations in instructional materials and questioning in students’ guide books. After the
revision, the learning units of the CPS learning model were conducted in the pilot study
phase.
Phase 3: Conducting a pilot.study

The researcher«conducted .a ‘pilot study. to .a seventh grade mixed student
achievement levels-classroom*“which,_compesed. of54.students at Sarakhampittayakhom
School, Mahasarakham province, in the first semester of.2010 academic year. The pilot
study was used for 10 ‘periods. The problems from ‘pilot study were divided into three
categories as seen in the following;

1. Time. eonsuming: the' researcher ‘revised the time used to the
appropriateness of the content:and activities in each lessonplans and provided the time for
waiting for the students to arrive at the .classroom.

2. Teacher and students’ guide book: the researcher revised the wording in
handouts by avoiding the ambiguity, adding more details and giving more examples of each
content as well as adding pictures related to the contents by emphasizing the pictures or
situation that they were familiar with. Furthermore, the scientific journal including in the
students’ guide book should be shorter and easier for students to gain more understanding.

3. Instructional materials and equipment: The researcher provided more
materials and equipment in the implementation phase and used the easy and affordable
materials that could be found from daily life.

Phase 4: Implementing the CPS learning model

The data of this phase was collected to test the research hypotheses which
indicated the effectiveness of the CPS learning model and the results as can be seen in the

following:



117

Hypothesis I: There is interaction between the learning models and the
students’ prior knowledge levels that affects the students’ creative problem solving
skill.

The results showed that:

1. The learning models affecting students’ creative problem solving skill
were significant at the .05 level. Additionally, the students who learned through the CPS
learning model had higher mean scores of creative problem solving skill than the students
who learned through the conventional learning model.

2. The students’ prior knowledge levels affecting students’ creative
problem solving skill were significant at the .05 level. Additionally, there were significant
difference between the group of (1) high prior.knowledge level and medium prior knowledge
level and (2) high prior knowledge. level and low prior.knowledge level.

3. The interaction=between_the" learning models and students’ prior
knowledge levels on students’ creative pro‘blem solving-skill'was not significant at the .05
level. The data did not support thefirstiresearch ‘hypothesis because there was no
interaction between the learning model.and: students™ prior:knowledge levels.

In conclusion, the results did not support the first research hypothesis.

Hypothesis lI: “The students’ learning achievement, scientific creativity
skill, creative problem solving skill, . and“scientificsattitudes of the experimental group
after learning has higher scores' than the control group with a statistically significant
difference. :

The results can be seen in the following:

1. The overall mean scores of learning achievement between the
experimental and control group were significantly different at the .05 level. Considerably in
each level of learning achievement, the results indicated that, in the level of “recall and
reproduction”, the students who had learned through CPS learning model and the students
who had learned though the conventional learning model were not significantly different at
the .05 level. However, in the levels of “skills and concepts”, “strategic thinking”, and
“extended thinking”, the result indicated that the students who had learned through the CPS
learning model had higher scores than the students who had learned through the
conventional learning model. In other words, the CPS learning model could enhance the
students’ deepened understanding of scientific concepts better than the conventional

learning model.
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2. The overall mean scores and all aspects of scientific creativity
between the students in the experimental and control group showed that they were
significantly different at the .05 level. This indicated that students who had learned through
the CPS learning model gained higher posttest scientific creativity scores than the students
who had learned through the conventional learning model. In other words, the CPS learning
model could enhance the students’ scientific creativity skill better than the conventional
learning model.

3. The overall mean scores and all aspects of creative problem solving
between the students in the experimental and control group showed that they were
significantly different at the .05 level. This indicated that students who had learned through
CPS learning model gained higher posttest creative problem solving scores than the
students who had learned through.the conventional learning model. In other words, the
CPS learning model couldienhance the=students’ Creative problem solving skill better than
the conventional learning model. ‘

4. The overall;students’ scientific “attitudes mean scores between the
students in the experimental and-eontrol .group-indicated ,that. they were significantly
different at the .05 level.#*Considerably in“each, statement of scientific attitudes, the results
indicated that the aspects_ of “scientific knowledge! and “functions of science” between the
students who had learned through CPS learning model“and, the students who had learned
through the conventional learning“mode| were not-significantly different at the .05 level. The
results of students’ scientific attitudes mean_scores’ insthe aspects of “almighty of science

and scientists”,

scientific methodology”, “science liberal education”, and “science interests
and science careers” between the students who had learned through the CPS learning
model and the students who had learned through the conventional learning model were
significantly different at the .05 level. In other words, the CPS learning model could
enhance the students’ scientific attitudes better than the conventional learning model.

5. Additionally, the creative problem solving self-assessment showed
that there was a significant difference of mean scores among groups at the .05 level.
Moreover, it was found that at the beginning of instructional implementation, the students’
mean scores were slightly increasing while, after instructional implementation, the students’
mean scores were considerably increasing. Conversely, the students who had learned
through the CPS learning model had a progress in the creative problem solving skill. This

result supported the result of the analysis of creative problem solving skill.



119

In conclusion, the results supported the second research hypothesis.

Hypothesis lll: The creative problem solving skill of the students who have
different prior knowledge levels after learning through the CPS learning model has
statistically significant different scores.

The results showed that students’ creative problem solving mean score
among group was significant at the .05 level. Additionally, there were significant differences
between the group of (1) high prior knowledge level and medium prior knowledge level and
(2) high prior knowledge level and low prior knowledge level. The data supported the third

research hypothesis.

Comparison the learning .achievement, scientific creativity, creative
problem solving, and scientific. attitudes between the pretest and posttest scores of
the students with the different prior Knowledge levels of the experimental group.

The comparison“the pretest and posttest scores of the students’ learning
achievement, scientific: creativity, .creative-problem solving, :and. scientific attitudes of the
students with the different prior knowledge levels of the experithental group showed that the
posttest scores of all priersknowledge levels increased after completing the CPS learning
model. Specifically, they founds that! the posttest| mean®scares of learning achievement,
scientific creativity, and creative problem_ solving:of the grotp of high prior knowledge level
were explicitly higher than the. groups“ef medium‘and low prior knowledge level. It was only
the scientific attitudes that the posttest ‘meansscores. were not different among the groups of

different knowledge levels.

Discussions

The following are discussions on the study results:

Hypothesis I: There is interaction between the learning models and the
students’ prior knowledge levels that affects the students’ creative problem solving
skill.

The result showed that there was no interaction between the learning models
and the students’ prior knowledge levels. This indicated that the learning model and the
students’ prior knowledge levels did not affect the students’ creative problem solving skill.
Similarly, Yatuam (2005: abstract) studied the interaction between types of learning

management and basic scientific knowledge on learning outcome, scientific problem solving
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ability and metacognitive ability. The results revealed that the interaction between types of
learning management and basic scientific knowledge was not found. Also, Tratnyek (1996:
online) studied the effects of prior knowledge and instructional patterns (Ausubel's advance
organizers, and instructional conversations) on academic achievement and metacognition in
Global Studies. Eighty-nine female ninth-grade students in a private, college preparatory
school in a metropolitan area were classified as having either high or low prior knowledge
levels by results of a pretest. The results indicated that no significant interactions were
found between prior knowledge levels and instructional patterns on the students' academic
achievement in Global Studies, or between prior knowledge levels and instructional patterns
on metacognition in Global Studies. Also, the result is similar to the finding of Francis
(2008: 5-8) which found that there was no significant difference in the chemistry
performance of students in the different cognitive levels after they had learned with teacher-
directed, and problem-solyving instruction. To put it another way, there was no interaction

between instructional method«and cognitive‘levels on:students’ performance in chemistry.

Hypothesis ll: The students’ learning achievement, scientific creativity skill,
creative problem solving skill, and scientific attitudes of the experimental group after
learning has higher scores than- the control group with a statistically significant
difference.

According to thegresulis, the“students’slearning .achievement, creative problem
solving skill, scientific creativity,skill, and*scientific attitudes posttest mean scores between
the experimental group and control grc;up weressignificantly different at the .05 level. Also,
the results supported the second research hypothesis.

Regarding the activities based the CPS learning model which developed base
on five essential features of inquiry and creative problem solving approach, the students
were allowed to focus on discussing and debating on the problem situations, creating
solutions, conducting plan of their own design and constructing the explanations as a small
group, and examining their explanations with scientific knowledge. Moreover, they had an
opportunity to share their ideas in every step. Furthermore, the environment of the CPS
classroom concentrated on a safe environment and friendly atmosphere that allowed
creative expression and unusual responses. As a result of these procedures, the students
gained a deepened understanding of scientific concepts as well as higher thinking skill;
creative thinking and problem solving and also more positive scientific attitudes. Details of

each dependent variable were discussed as follows:
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1. Learning achievement

The overall mean scores of learning achievement of the students who had
learned through the CPS learning model were significantly higher than the students who
had learned through the conventional learning model. The result was similar to the findings
of Myrmel (2003:25-26) and Wood (2006:21-32), which stated that creative problem solving
approach was the methodology to develop materials for teaching and learning which took
problem solving well above the level of algorithmic manipulation and into the realm of
creativity. Moreover, it could be feasible and useful in the classroom that could promote the
students’ cognitive learning outcome and also creative thinking and problem solving skill.
Moreover, this supported Dobbs (2008) that integrated the inquiry approach with problem-
based learning concerning in chemistry. This study found that this instructional could
improve student achievement in_high' school chemistry to a greater degree than traditional
teaching methods. In addition, using this.instructional, the students could understand the
deep scientific concept and apply.the concépt for problem solving.

As seen fromthe research results, both.the ‘experimental group and control
group were not different=in -their basic-intellectual-skill, namely, “recall and reproduction”
level. On the contrary, both_groups  of students were 'significantly different in their higher
intellectual skills that were, “skill, and concepts”, |“strategic thinking”, and “extended thinking”.
Thus, this result was consistent withi:numerous research “studies which indicated problems
in Thailand’s science education “that:-had been.unsuccessful in promoting higher order
thinking, especially creative thinking & skill _and #problem “solving skill (Katesing. 2005;
Klainin.2006; NIETS.2007; NIETS.2008; IPST.2009).

Also, this result confirmed the strength of CPS learning model that was
more effective than the conventional learning model in terms of promoting higher order
intellectual learning skills or learning achievement.

2. Scientific creativity skill

The overall mean scores and all aspects of scientific creativity skill of the
students who had learned through the CPS learning model were significantly higher than
the students who had learned through the conventional learning model. Loehle (1990: 242)
proposed that many instructional strategies could definitely promote creativity among the
students. Particularly, in science subjects, creativity is important and is necessary to teach.
In the same way, activities in science subjects could support students’ creativity more than

other subjects (Torrance. 1987; Park; & Seung, 2008: 45). Regarding the learning activities
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based the CPS learning model, the researcher created lesson plans by using various types
of instructional strategies under the five essential features of inquiry and creative problem
solving approach, and emphasized group discussion for sharing and generating the novel
things. Consequently, the students who had learned through the CPS learning model could
improve their students’ scientific creativity skill. This result was in agreement with the
previous study indicating that the scientific intervention program, Cognitive Acceleration
through Science Education (CASE), focusing on the problem solving approach could
promote the overall development of scientific creativity of secondary school students (Lin; &
et.al. 2003: 143-162).

Moreover, the students’ behaviors and work sheets could confirm that the
students who had learned through the CPS learning model had progress in the scientific
creativity skill. In the CPS process; the students showed their scientific creativity skill in
every step of the CPS learning model=such as posing a lot of questions, creating many
solutions, and designing alternativesplans for solving:problems. Additionally, in work sheet
of the Ruam Duay Chuay. KaniKid,, activity supported,_the “scientific creativity skill as the
student in each group showed task-commitment-and high.mativation in doing this activity.
These results showed that the CPS"learning model had potential to promote the students’
scientific creativity skill.

3. Creative problem solving skill

The overall mean scores and all aspects of creative problem solving skill of
the students who had learned through the CPS«learning model were significantly higher
than the students who had learned through the conventional learning model. Particularly,
the activities based on CPS learning model carrying belong to a safe environment and
friendly atmosphere. They focused on the students practicing the problem solving skill that
goes along with the creativity skill. Consequently, the CPS learning model could enhance
the creative problem solving skill. This result was in line with the previous study indicating
that the creative problem solving approach was the powerful approach for adaptation into
science instructional strategies to enhance thinking skills, especially creative problem
solving skill (Sanfilippo.1993: Abstact; Kim. 2007: Abstract; and Cheng; & et.al .2007: 569-
591).

Furthermore, the work sheet of the Detective Project, activity supported the
creative problem solving skill, could support that the students had a progress in creative

problem solving skill when they had learned through the CPS learning model. The students’
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work sheets of each group of students indicated that they could solve a problem following
the CPS step, and they shared and discussed many ideas all the time. Finally, every group
could solve the problem and succeeded with excellent solutions. Also, their presentation
was equally good. These results showed that the CPS learning model had potential to
promote the students’ creative problem solving skill.

Additionally, the result of analysis the creative problem solving self-
assessment form showed that there was a significant difference of mean scores among the
groups at the .05 level. Furthermore, it showed that, in the beginning of measurement, the
students’ mean scores were slightly increasing while later measurement showed the
students’ mean scores were noticeably increasing. That may be because in the earliest
period of implementing the CPS learning model that was regarded as the new learning
model, the students were not familiar with the CPS.learning model. The students remained
familiar with the conventional learning-model. As a result, they still had shyness and also
lacked courage to do the scientifi¢ activitiés. This' statement was supported by Kongpan
(2003: online), who claimed that, in,the first phase: of .using ‘any learning processes, the
students may have less experience; sot‘they 'need-more time, to become familiar with the
learning procedure, or to“do more practice. However, this result indicated that the students
had a progress in creative “problem |solving skill while assessing themselves. This finding
could assure that the CPS learning model was an_effective learning model.

4. Scientific attitudes

The overall 'mean_secares_of scientific'attitudes of the students who had
learned through the CPS learning model were significantly higher than the students who
had learned through the conventional learning model. The result supported the article of
Adesoji (2008: 21-24) that claimed the students who had learned through the problem
solving instructional strategy developed more positive scientific attitudes after treatment.
Furthermore, Almaarify (2007: abstract) stated that the inquiry approach can promote the
students’ scientific attitudes. Moreover, the students’ messages which were given to the
instructor after completing the CPL learning model implementation indicated that the
students had positive scientific attitudes. The examples of message were shown as follows:
‘I had fun and feel happy when | do activities in science classroom.”, “It is enjoyable to do
the experiment.”, “I like to play scientific games.”, “I am looking forward to the science

period.”, “Scientific activities make me have more friends.”, and etc.
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However, considering each statement of scientific attitudes, it was found
that the mean scores of “scientific knowledge” and “functions of science” of the students
who had learned through the CPS learning model were not significantly different with the
students who had learned through the conventional learning model. The aspect of “scientific
knowledge” stated that scientific theories are subject to change and, and the aspect of
“functions of science” stated that science is an idea-generating activity can refer to nature of
science. There was a research study indicating that one half of high school students hold
misconceptions of the nature of science. They also hold the view that scientific theory was
reality that was discovered by scientists instead of being invented (Ryan; & Aikenhead.
1992). In order to achieve the nature of science, curricula and instructions must explicitly
address nature of science. Nevertheless, in_this study, the learning activities based on the
CPS learning model still failed to concentrate on the.nature of science. The activities did not
emphasize students focusing on “view=of sciencewsinformation and methods as it was
changeable. As a result, the mean‘score of‘ both statements 'between the students who had
learned through the CPS learning  model,and students who had learned through the
conventional learning moedel!was -not-different-as- there. was the students’ inadequate
understanding in nature of science.

With ‘regard 1o, the learning outcomes, they confirm that the CPS learning
model was a suitable model to'teach. students because this learning model provided them
with an opportunity to gain more ‘deepened understanding of scientific concepts as well as
enhanced creative thinking and. “problem _solving sKills, including promoted scientific
attitudes. Therefore, the learning activities of the CPS learning model were good activities

for use with teaching science in the classroom.

Hypothesis lll: The creative problem solving skill of the students who have
different prior knowledge levels after learning through the CPS learning model has
statistically significant different scores.

The results showed that students’ creative problem solving mean score among
group was significant at the .05 level. Considering the mean scores of the students’ creative
problem solving with the different prior knowledge levels, they indicated that the group of
high prior knowledge level was obviously different from the groups of medium and low prior
knowledge level. On the contrary, the mean score of group of medium prior knowledge level
was similar to that of the group of low prior knowledge level. The result may have been

caused by the CPS learning model process that focuses on practicing students’ creative
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thinking skill and also logical thinking in harmony within a safe environment and friendly
atmosphere. The activities based on the CPS learning model provided the students with an
opportunity to work with their co-operative friends. The students had to discuss, share, and
make conclusion with others in every step of learning model. Therefore, the students had
become comfortable with expressing unusual responses without fear of ridicule that was the
important thing of practice creative thinking. While making conclusion, the students had to
strongly illustrate the evidence and reasons to support their ideas, which helped them
practice a logical thinking. Consequently, the students who already had high cognitive
potential can learn very fast and have task commitment. They may have more potential in
creative problem solving skill (Mednick.1962:220-232; Tang.1986:226-250; Waiyarod.2007:
84). This results supported the study of Hyung (2008) which indicated that the creativity
problem solving skill has a relationship with“the person’s intelligence quotient. The high
cognitive knowledge person has, ‘more=-chance to ssucceed in the mental process that
concerns with the left and right brain working together;

However, this, result could remark!that the .€PS learning model enhanced the
creative problem solvings skill among-the students, "although 'the potential of the CPS
learning model for promoting ia creative problem solvings skill was slightly different

depending on the prior knowledge.levels.

Comparison the learning achievement, scientific creativity, creative problem
solving, and scientific attitudes” between, the  pretest and posttest scores of the
students with the different prior knowledge levels.of the experimental group.

According to the results, the comparison of the pretest and posttest scores of
the learning achievement, scientific creativity, creative problem solving, and scientific
attitudes of the students with the different prior knowledge levels showed that they had
increasing scores after completing the CPS learning model. Particularly, the group of high
prior knowledge level was obviously higher than others. As seen earlier, the findings of this
study confirmed that the CPS learning model was effective in enhancing the students’
learning achievement, scientific creativity skill, creative problem solving skill, and scientific
attitudes, especially the students who have high prior knowledge level such as scientifically
gifted and talented students. In regard to the learning activities based on the CPS learning
model, students were allowed to focus on discussing and debating the problem situations,
finding the solutions, planning and conducting experiments their own design in a small

group, and finally constructing their concepts from the evidence that they had collected. The
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students then presented their findings’ experiments and projects. Moreover, the students
were forced to express unusual responses as well as to illustrate the evidence and reasons
to support their responses in every step of the CPS learning model. As a result of these
procedures, the students gained a deepened understanding of science concept, higher
scientific creativity, higher creative problem solving, and more positive scientific attitudes,
especially the students who had a high prior knowledge level. The important thing that the
high prior knowledge level's students who already have high potential gained more power to
accomplish is that they can learn very fast, become more confident to complete the
assignments, and have task commitment. The results was supported by Van Tassel-Baska
(1998. online) that claimed how planning science programs for high ability learners should
focus on inquiry, higher-order thinking, and_science process skill. Furthermore, Waiyarod
(2005) stated that the 4E-C learning.model which provided the students with an opportunity
to carry out independent: study,, ‘plan=-and._ desigh; conduct experiments, analyze data,
transform data, make graph from_data, and. construct:new physics model from their study is
a suitable learning model for the scientifically gifted:students beccause the students could

fulfill their high potential, especially their-creative-productivity by using this model.

Recommendations

The development™and..implementation.«of {€PS Jlearning model was aimed at
promoting a deepened understanding=and_creative problem solving skill of seventh grade
students. To further enhance the, effeciiveness ‘of this learning model and to stimulate
students to achieve in all expected learning outcomes, the researcher recommended the
following:

1. General Recommendation

1.1 The educational administrators should give an increased attention to

learner-centeredness and should encourage teachers to have knowledge in designing
activities based on learner-centeredness and should provide budget support for creating the
instructional materials. Teachers should receive training in developing instructional
materials, instructional techniques, and learning management in classroom including using
a variety of instructional activities. The director or school administrators should organize
workshops for teachers to enhance the knowledge and understanding of learner-centered

approaches, a curriculum development, instructional techniques, assessment and



127

evaluation, particularly authentic assessment so that teachers will be able to teach more
effectively.

1.2 The CPS learning model could be used for other science contents or
topics and other levels such as physics, biology, astronomy, and chemistry as this model
could improve the students’ learning outcomes such as learning achievement, creative
problem solving skill, scientific creativity skill, and scientific attitudes. In addition, this
learning model focuses on implementing the learning process within a friendly atmosphere
that makes the students feel happy and fun to learn. However, the teacher should consider
contents, situations and objectives to fit their topics or subjects.

1.3 Science teachers should study the CPS learning model documents first
such as the lesson plans and the instructional materials in order to make instruction more
effective. Moreover, the teacher should prepares.learning instruments and instructional
materials that support the learning ‘activities includingstheir understanding in the activity and
content before going to 'theasclasskoom. Also, the' teacher has to be flexible as to time
allocation that fits the activity ini each_step ;of CPS learning“maodel. For the plan executing
step, the students usually: take long-time-for:completing; therefore, the teacher has to pay
more attention to this step and enhcourage the student to provide their explanation.

1.4 Before the“instruction, the teacher should-explain the features of the CPS
learning model, the teacheris role and the students’ role*including criteria of evaluation to
students in order to motivate students™learning. This also‘improves the CPS learning model
to be more effective.

1.5 For application of this learning model to be the most successful, the
students should have teachers facilitate them most of the time. The teachers have to set up
and check some equipment for laboratory experiment before class and prepare extra and
necessary instrument just in case students ask for. Moreover, the teachers should have
enough time for students even outside of class time.

1.6 Science teachers who adapt the CPS learning model with other contents
should use other instructional techniques such as cooperative learning, lecture,
question/answer, and multi-media that are appropriate for the CPS learning model.
Moreover, the teacher should address the difficulty of the content including deciding the
problem situation that goes along with the content connected to their real life, and making

sure students are ready to learn.
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2. Recommendation for further studies

2.1 Further studies should consider the content change from matter and
properties of matter to other contents. Also, further studies should change the content from
chemistry to physics, biology, or any other science area.

2.2 When each step of CPS learning model was considered, there were still
some problems, especially about time allocation. There was a time limitation when students
wanted to spend more time for discussion to reach the goal of each step. So, further
studies should allocate the time for each step more suitably.

2.3 Further studies should seriously consider to integrate nature of science in
developing learning activities based on the CPS learning model. As a result, the students
should understand nature of science within _the scientific concepts that help gain more
positive scientific attitudes.

2.4 Further studies should-be aimed torinvestigate the learning achievement,
scientific creativity and creative problem soiving skill-of 'students in group of the same level
of prior knowledge level.

2.5 Becauser the! finding-oftthis‘study-indicated that the CPS learning model
obviously impacted the students who had high prior knowledge level, further studies should
concentrate on implementingsthe CPS learning /model /with" the scientifically gifted and
talented students. 7

2.6 Further studies“should integrate."other subjects such as mathematics,
physics, biology, and social studies’ inthe_scientific’ problem situation of the activity based
on the CPS learning model because the students should see the connection between the
areas and integrate them to solve the problem. Due to the problem in the real life that is
more complex, the good problem solver should integrate knowledge from many subjects to

find the best solution to the problem.
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1. naaadiazasueITnTdsuaanudunTaLaziuguaIrTazan s laan I A NI TN

FUUAATINUTY

2. NAFAULAZATUNHANMUFNNWTILWINIAN pH NUANUAVINTALRZLUE VaIRITAZANE

A a 6
Taultaudiaianas
[ ' ~
160 9UnIoh uazaTLAd
3
1. snvacaelaauylaasanlaod asazansunaidodlaasanlad 0.1 mol/dm
=) Qs =Y 3

2. 8138zANUNIN lalaInaasn _/II8sANeNIagaN 3N 0.1 mol/dm
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4. gvazaspdsnwen Fi, NaanI0
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6. NIZANUINM

7. NI ENTILUU AL AUAULAZ LA
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26 1 1 1 1 1 5 1.0 W%
27 1 1 1 1 1 5 1.0 A}
28 1 1 1 1 1 5 1.0 A}
29 1 1 1 1 1 5 1.0 A}
30 1 1 1 e 88 8'n 5 1.0 N
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&ONWNT0L NanIU T dua aa@%m"ﬁm&
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2 1 1 1 1 1 5 1 N
3 1 1 1 1 1 5 1 N
4 1 1 1 0 1 4 0.8 N
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Ln3asiallsines ANHIL/ATH aana | aranalas
UL ARAFNNETINS AW (Overall) .046 -.693
Se Level1: Recall and Reproduction -.158 -.382

Level2: Skills and Concepts -.122 -.034

Level3: Strategic Thinking 210 -.533

Leveld: Extended Thinking -.123 -.093
WUUIANNHLNTAR DAWFIN (Overall)# » o 186 -.648
withymagnaaioasse AN uiavigw (Fllency) -141 -717

ANuARTN AN (Flexibility) .040 -.484

A IR a3130-(Originality) 994 149

'| malilwqua(Reasonabilty) -.083 -.251

LL‘U‘.U‘]Ji:Lﬁummadﬁﬁumiﬁﬂuﬁﬂ}yﬁjasi’mai*’maﬁﬁ' -.022 -.655
LULIANNHEMIAALENdT | | NINIIw (Overall) 852 476
susIIREsIngemaas | @8DanEw (Fluency) 072 -104

aMAURRIN AR L (VFIEexibiI:irty): 506 -.047

ARNAAFI3_(Originality) 340 644
LUUU T T WA @LT NN (Overall) 245 -.017
ANENERAS S1:Scientific theories are subject to 142 .546

change

S2:Scientific explanation is based -.189 .361

on observation and experimentation

S3: Scientific manner -.094 401

S4:Science is an idea-generating -.239 -.640

activity

S5: Scientific progression requires .008 -.505

public support

S5:Scientific work 407 .017




2) N1IATIRERU ANALUTUTINLENNWE2aIU52BINT (homogeneity of variances)

®1313 18 LLE\’(@‘IJNﬂﬂ?i@]i’)%ﬁﬂﬂﬂ'ﬂ&lLIJJTL]TJMLQT’IWW%'ET?N‘]JTJ"HWﬂi
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Test Aspects df1 | df2 F o]
WULTANRRNONENIIMS | MW (Overall) 1 | 92 | 0565 | .454
Sow Level1: Recall and Reproduction 1 92 | 0.676 413

Level2: Skills and Concepts 1 92 1.470 .228

Level3: Strategic Thinking 1 92 2477 119

Level4: Extended Thinking 1 92 0.001 979
WULIANNHENTAA NWIIN (Overall) 1 | 92 | 0.306 | .581
witymeteaieassd | Awdangu(Fluency) 1 | 92 | 0.016 | .899

AANARIINATL._(Flexibility)s 1 92 | 0.046 | .830

mmﬁ@‘%ﬁ'g (Originality)” 1 92 | 0.189 | .665

naslinena(Reasonability) 1| 92 | 0495 | 483
Lmuﬂiuﬁumw,aaﬁmmsﬁ@LLﬁﬂVtyﬁqamam‘?ﬂamiﬁ s .92 | 2060 | .155
WULIAYINEENMIRAB LI ;mw'%m (Overall) 1| 92 | 2807 | .007
auasIREinenemaad | IV andu (Fluency) 1| 92 | 0.068 | .957

ANANBINARILY (Flexibility).- 1] 92 | 6277 | .014

n129Ag55Y (Originality) 1 92 | 0505 | .479
LUUU T T aA@LTY MWW (Overall) » 41 1 92 | 0.106 | .745
ANeeNEN S S1:Scientific’theofiés are’subject to| 1 92 0.543 463

change

S2:Scientific explanation is based 1 92 0.130 719

on observation and

experimentation

S3: Scientific manner 1 92 2123 .148

S4:Science is an idea-generating 1 92 | 2411 124

activity

S5: Scientific progression requires 1 92 | 0.835 .363

public support

S5:Scientific work 1 92 0.361 .549




3) NIIATIVFDUANMNFNNBSUUULAWATITEUIN AaudsTunazandsana

@134 19 LRAIHNAYBINTATIVROLANNFNNBSUULLFUATITENIN Audsinuazandsany
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Test Aspects df F o]
WULTANARNONENIIMS | MW (Overall) 1 | 7.689* | .007
S Level1: Recall and Reproduction 1 3.991* .048

Level2: Skills and Concepts 1 3.956* .049
Level3: Strategic Thinking 1 8.648* .004
Leveld: Extended Thinking 1 8.345* .005
WULIANNEENIAA MW (Overall) 1 | 3.877 | .052
witgmateafeasss | Aubanen (Flueney) o 1 | 3.947 | .051
AN WA L FleXibility) 1 | 7.076* | .009
LRSS _(:Originality) 1 | 9.055* | .002
mﬂﬁm@;wa(Reasonabnity) 1 | 4.816* | .030
LmmhzLﬁumuLaaﬁﬁuﬂﬂsﬁﬁLLﬁﬂ@ﬂﬁamaa%ﬁaassﬂ‘ 4.721* | .035
WULIeNEEMIAaaig | "nawsadl (Overall) 1 | 5.696* | .019
RIRTIRE N e Ea S -mﬁuﬁ@mu (Flliency) 1 [ 11.279* | .001
ANUBR IR (Flexibility)+" 1 3.805 | .057
AN HAaTAEY (Originaity) 1 | 3.997* | 046
LUUU T T Waa@LT MW (Overall) 1 | 3.986* | .049
ANUIERAS S1:Scientific thec;riés are subject to change | 1 4.281* .045
S2:Scientific explanation is based on 1 4.634* .037
observation and experimentation
S3: Scientific manner 1 4.004* .048
S4:Science is an idea-generating activity 1 4.394* .042
S5: Scientific progression requires public 1 5.205* .022
support
S5:Scientific work 1 4.783" .031

*p<.05
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4) NMINTNADUNINANNTNNBS A DWARNNNAN (Homogeneity of regression) 3z#319

aulssumazaunilsay

@139 20 Nams@mﬁ]aaumsﬁmwué’uw”uﬁ(mﬁauﬁ'unﬂmjw (Homogeneity of regression)

Test Aspects df F o]
UL ONRFNENETNIM TS0 Learning model * Total 1 | 0.036 | .850
Learning model * Level1: Recall and 1 | 2138 | .147
Reproduction
Learning model * Level2: Skills and Concepts | 1 | 0.119 | .731
Learning model * Level3: Strategic Thinking 1 | 4.265 | .065
Learning model * Level4: Extended Thinking 1 | 0.028 | .867
LLuui'ﬂﬂ“nmmiﬁerTﬂyrgm Learning model,” Total 1 | 1.479 | 227
DURTIRTTA Learning model:* Fluenéy' 1 | 0.932 | .337
Learning models* F]exibility 1 | 3.150 | .079
Learning: model " Originality 1 | 0.000 | .988
| Learning. model *;Reasonability 1 11.012 | .317
wuUlszidnaniasaunne. | Learning'model *:Creative-Problem Solving 1 .085 | .771
witywataaiaassd Self Assessment Form
LULIANNHENIAADEN Learning model * Total 1 10.077 | .782
A9IRITALTIAINLTFAS Learning models*:Fluency 1 | 3.620 | .060
Learning 'mo_delr * FIexibiIity 1 | 0.512 | 476
Learning médel # Originality 1 | 0.154 | .695
LUUU T T nlaa @IS Learning model * Total 11 0.291 | .591
AL Learning model * S1:Scientific theories are 1 | 1.248 | .267
subject to change
Learning model * S2:Scientific explanation is 1 | 0.289 | .592
based on observation and experimentation
Learning model * S3: Scientific manner 1 | 0.417 | .520
Learning model * S4:Science is an idea- 1 ] 0.720 | .398
generating activity
Learning model * S5: Scientific progression 1 | 1.205 | .275
requires public support
Learning model * S5:Scientific work 1 | 1532 | .219
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The pictures of learning atmosphere and activities
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Examples of students’ tasks
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