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The research objectives were 1) to develop science learning activities based on the
4MAT System and learning styles to promote multiple intelligences of sixth grade students,
2) to study their effectiveness on students’ achievement, science process skills, attitudes
toward science, multiple intelligences, and creative thinking, and 3) to study students’ and
teachers’ opinions toward science learning activities model based on 4MAT System.

The design of this study was Pretest-Posttest Control-Group Design. The samples
were two classrooms of sixth grade students which were selected by using cluster
sampling. One classroom was designed as the control group (30 students) which was
taught with the traditional method of teaching and the other one was designed as the
experimental group (33 students) which was taught with science learning activities based
on 4MAT System. The content was substance in daily life. The duration of this study was 27
periods in the first semester of the academic year 2010. The instruments were achievement
test, science process assessment, attitudes toward science measures, multiple intelligences
assessment, evaluation form of creative thinking and teachers’ and students’ opinions
toward science learning activities based on 4MAT System interview form. The data were
analyzed using mean values and standard deviation. Research hypotheses were tested by
Multivariate Analysis of Variance (MANOVA).

The results revealed that:

1) There was no interaction between science learning activities and learning styles.

2) Comparison between science learning activities based on 4MAT System and

science learning activities with the traditional method of teaching showed that:



2.1) Students who learned through science learning activities based on 4MAT
System had achievement and attitudes toward science higher than students who learned
through the traditional method of teaching.

2.2) Student in both groups had no difference in science process skills and
multiple intelligences.

3) Consideration of science learning activities based on 4MAT System showed that:

3.1) Students demonstrated progress in creative thinking.

3.2) Students who had different learning styles had no difference in
achievement, science process skills, attitudes toward science, multiple intelligences and
creative thinking.

3.3) Both teacher and students had positive opinions toward science learning

activities based on 4MAT System.
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CHAPTER 1
INTRODUCTION

Background

Science has an important role in society because it relates to daily life and
everyone’s career. The instruments and tools used in daily life and careers are the result of
combining scientific knowledge with creative thinking and other knowledge. Scientific
knowledge helps us to construct further knowledge and understand phenomena which are
the consequence of the tremendous development of technology and vice versa. Technology
is very important in the study of scientific knowledge (The Institute for the Promotion of
Teaching Science and Technology (IPST). 2003: 1); therefore, science is an important
element in the Basic Education Curriculum that students must study. Science helps learners
to understand phenomena and technology to be rational, creative, and moral in using
knowledge (Office of the National Education Commission (ONCE). 2001: 1). In the past,
although goals of science education were often revised, there were still some problems that
had caused difficulty in the development of science. Because people usually think of
science and technology as being too complex, they don't interest and conduct it to learning.

A research paper from the Thai-U.S. Educational Roundtable 2001 revealed that
the teaching of science did not reflect its use in real life. Even though at the primary
education level, the subject of science was grouped with the “life experiences” category of
the five learning experience groups, their traditional delivery failed to encourage children to
develop positive attitudes toward science and to apply scientific processes in their daily life.
Furthermore, most primary school teachers did not have degrees in scientific disciplines. In
general, teachers do not have sufficient knowledge, understanding or skills needed for
organizing and preparing learning activities. Methods were mainly based on the lecture
approach which required teachers to give explanation or demonstration while students
usually focused on textbook-reading, note-taking and memorizing what had been explained
to them. Such approaches certainly did not induce enough practice of the much-needed
scientific process skills.  Moreover, the test results in the subjects of science and

mathematics showed the learning ability of the learners in this group still fell short of



expectations. They lacked scientific thinking process skills and failed to develop the
abilities for analytical and critical thinking. Hence, their achievement of scientific process
learning was low, as evidenced by the result of the assessment of the quality of education
carried out by the Department of Curriculum and Instruction Development in 1997. It was
found that test scores of most students were rated as mediocre to poor, and improvement
was needed. Learners in this group also fell behind their peers in international
comparisons. In the Third International Mathematics and Science Study (TIMSS) conducted
by the International Association for the Evaluation of Educational Achievement (IEA), Thai
students scored near the bottom among TIMSS participating nations. During the 1995-1999
competitions of the Academic Olympics, the overall competition records of Thai students
were always the lowest among the 5-Asian-country group which consisted of Thailand,
Taiwan, Korea, Vietham and Singapore. In short, the delivery of mathematics, science and
technology education in Thailand faces multi-faceted problems. International comparisons
attest to low learning achievement of Thai students; they achieve low average scores, do not
perform well on the application of knowledge and problem solving skills and cannot express
their ideas in writing. The results are a little better for upper secondary students. The
results from the Academic Olympics reveal that Thai students attain high levels of
achievement when compared to other countries in theoretical parts but show serious
weakness in practical parts where they cannot solve most of the test problems (Chinnapat
Bhumirat; & ONEC working group. 2001: 2-6).

For this reason, Thai education reform is needed particularly in curriculum structure
and the teaching-learning process. The goals of education have changed from
memorization of fact to developing skills of students. Furthermore, they expect that all
students will acquire knowledge and the abilities necessary to solve problems by
themselves and in collaboration with others and to learn for lifelong whereas theory and
evidence are favoring a knowledge construction model over the information transmission
model (ONCE. 2008; Yarger; Thomas; & Boysen. 1998: online).

Many reformers advocate a move away from traditional, teacher-centered,
(didactic) direct instruction, where students are passive receptors of knowledge, toward

more student-centered understanding-based (constructivist) teaching that focuses on



exploration and experimentation. This student-center, student-active instruction is often
called constructivist (Smerdon; Burkam; & Lee; 1999: 5-6). For example, it suggested the
main ideas about constructivism shown in 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”. In addition, the
National Education Act lays down guideline for provision of education, management of

learning process as stated in section 24 (ONEC. 2008: 19-22).

Section 24 *“In the organization and classroom management of educational
institutions 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, 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 the 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 for research as a 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 place. Co-operation with parents, guardians, and all parties
concerned in the community shall be sought to jointly develop the learners in accord with

their potentiality.”

To fulfill the goals of the 2008 National Education Act, the learmner and the teacher
are recognized as important for the teaching-learning process. Classroom management
strategies must allow all learners to develop at their own pace and to their highest potential.
Caine (2002) posited that good teachers should capitalize on children’s natural curiosity in
order to promote an attitude of discovery. Students are encouraged to find out for

themselves about how and why phenomena occur (Caine; Caine; & Mcclintic. 2002: 70-73).



Therefore, teachers have to design activities that emphasize an active role for learners to
construct their own understanding through interacting in an environment around them in
which the knowledge of the domain is not explicitly separated from the context in which it
applies. Moreover, these activities are interesting to learners and at their level so they can
use whole brain to participate in activities. Furthermore, Gardner (1993) supports that
learning activities should develop students’ intelligences and help them reach vocational
and avocational goals that are appropriate to their dominant intelligences. Especially in
terms of science education, he says that because the framework of science is built around
the linguistic and logical/mathematical intelligence, students whose strengths lie in other
areas may find science difficult. He believes that since no one person can learn all there is
to learn; we must give our students choices (Campbell; & Burton. 1994: 22).

The 4MAT System is an instructional model that provides a systematic approach to
organizing and delivering instruction that addresses the learning styles and hemispheric
preferences of students. This model consists of four quadrants each of which represents
one of the four major learning styles. By superimposing right and left hemispheric
preferences on each of the four quadrants, eight-step cycle is formed. Right mode or left
mode instructional strategies are assigned to each of the eight steps. According to the
model, if the teacher follows the cycle, the learning style and hemispheric preference of
each individual would be addressed at least one-fourth of the instructional time. During
other parts of the cycle, the learner would be “stretched” learning other ways to solve
problems (McCarthy. 1980).

The 4MAT System aids teachers in designing learning activities that address the
learning styles as well as hemispheric preferences of students and emphasizes a role for
the learners to construct their own knowledge (Wilkerson; & White. 1988: 358). Teachers
are also incorporating the 4MAT System into their teaching by engaging different
intelligences of students. By using bodily-kinesthetic intelligence teachers are giving
students a “doing and experiencing” opportunity. Engaging students interpersonal and
intrapersonal intelligences would cause them to critically reflect and examine the material.
Teachers can also facilitate critical dialogue to have students make interpersonal and

intrapersonal cognitive developments for themselves, by themselves and with each other



(Campe. 2006 citing Vygotsky). Therefore learners would work in small groups, or at times
working alone, and use their intelligences: visual, interpersonal, musical, bodily-kinesthetic,
intrapersonal, linguistic, and logical to work at their own pace and create, build, evaluate,
and extend their learning. Teachers assume more of a facilitator’s role. Moreover, one of the
major advantages of the 4MAT System is that it requires students to engage in higher order
thinking throughout the lesson. In the terms used by Bloom, Englehart, Furst, Hill, &
Krathwohl (1956), students engage in analysis in step 2, comprehension in step 3,
application in steps 5 and 6, evaluation in step 7 and, potentially, synthesis in step 8.

There are several studies that suggest students participating in activities according
to the 4MAT System achieve a higher degree of conceptual understanding, attitudes toward
science, science process skills and higher order thinking (Bowers. 1987; Szewczyk. 1987,
Wilkerson; & White. 1988; Appell. 1991; Ursin. 1995; Huitt. 2000; Pradab Jontrakan. 2002;
Pattana Phusanga. 2002; Aree Taweelap. 2003; & Piyalux Potiwan. 2004). Moreover, the
4MAT System in science offers many opportunities for student to employ their intelligences.

For these reasons, in this study science learning activities were developed based
on the 4MAT System in which students construct knowledge by using their intelligences
from learning environments provided by teachers. Learning environments are suitable for
individual student differences, offer many opportunities for students to employ their
intelligences or multiple intelligences and enhance their highest potential to fulfill goals of

curriculum.

Research Questions

The following primary research questions were formulated regarding primary
school students’ use of science learning activities:

1. Does interaction between science learning activities and learning styles of
student affect students’ multiple intelligences and learning outcomes?

2. Do the science learning activities based on 4MAT System affect students’
multiple intelligences, learning outcomes and creative thinking?

3. Do different learning styles affect students’ multiple intelligences, learning

outcomes and creative thinking?



4. How are students’ and teachers’ opinions toward the science learning activities

based on 4MAT System after they learned through science learning activities?

Purposes of the Study
The purposes of the study are summarized as follows:
1. To develop science learning activities based on 4MAT System.
2. To implement science learning activities based on 4MAT System.

2.1 To study interaction effects between science learning activities and learning
styles on students’ multiple intelligences and learning outcomes.

2.2 To study effects of science learning activities based on 4MAT System on
students’ multiple intelligences, learning outcomes and creative thinking.

2.3 To study different learning styles of students who learn through the science
learning activities based on 4MAT System on students’ multiple intelligences, learning
outcomes and creative thinking.

2.4 To study the teachers’ and students’ opinion toward the activities based on

AMAT System.

Significance of the Study

This research provided science learning activities that address learning styles of
students, and the development of these activiies was based on the 4MAT System.
Furthermore, this study focused on promoting students’ multiple intelligences, enhancing
creative thinking and learning outcomes which consist of students’ achievement, science
process skills, and attitude toward science and studying about teachers’ and students’
opinions after they participated in those activities.

The results of this study provided useful information about relationship between
students’ learning style and students’ multiple intelligences, learning outcomes and creative
thinking for science teachers. They were also able to use those activities to guide their
thinking to develop teaching strategies for their students according to students’ multiple

intelligences, learning outcomes and creative thinking.



Even though these activities were designed to use with the participants in this

study, they can be adopted for use with students at other levels and in other subjects.

Scope of the Study
Population of the Study
The population of this study was sixth grade students and teachers who taught

science in sixth grade in Samut Prakarn province.

Sample of the Study

The samples were two classrooms of sixth grade students who studied in the first
semester of the 2010 academic year of Wat Salud School located in Samut Prakarn
province. Two classrooms were selected by cluster sampling. One classroom was control
group with 30 students and another one was experimental group with 33 students. One
teacher taught science in grade sixth during the first semester of the 2010 academic year of

Wat Salud School also participated in the current study.

Variables of the Study
1. Independent Variables
- Science learning activities based on 4AMAT System
- Learning styles
2. Dependent Variables
- Multiple intelligences
- Learning outcomes
- Creative thinking
- Students’ opinions toward activities

- Teacher's opinions toward activities

Definition of Terms
1. Science Learning Activities refer to science learning activities designed by using
4MAT System and they were created to provide students with hands-on/mind-on activities.

Science teaching and learning activities are organized according to the theory of multiple



intelligences that students use their intelligences to construct knowledge by themselves.
One activity integrates many intelligences that students can use to construct their
knowledge. The activities are ready-made for sixth grade students in content of substance
in daily life.

2. 4AMAT System refers to a model that engages students to construct their own
idea and promotes multiple intelligences of students. Adapted from McCarthy, this model
is based on hemispheric preferences of students. When using this model, teachers
implement a number of steps in their teaching. The model consists of eight steps as the
lessons proceed. Right mode or left mode instructional strategies are assigned to each of
eight steps.

2.1 Connect: Students are engaged in the experience to start to establish a link
between students’ personal meaning and the content of the subject to achieve clear
connection to learner’s life and background. In this step, students can use spatial
intelligence, kinesthetic intelligence, musical intelligence, interpersonal intelligence or
natural intelligence to link their backgrounds.

2.2 Examine: Students start to analyze the new experience to build their own
beliefs. In this step, students can use linguistic intelligence, logical mathematical
intelligence, interpersonal intelligence or intrapersonal intelligence to build their own beliefs.

2.3 Image: Students start to form the picture that clarifies the concept of the
new experience. In this step, student can use spatial intelligence, kinesthetic intelligence,
musical intelligence or interpersonal intelligence to clarify their concept.

2.4 Inform: Students learn concepts and skills that must be known for the new
experience. In this step, students can use linguistic intelligence, logical mathematical
intelligence, interpersonal intelligence or intrapersonal intelligence to learn concepts and
skills for new experience.

2.5 Practice: Students work with concept’s content, and practice the new skills
as the experts have found it. In this step, students can use kinesthetic intelligence,
interpersonal intelligence to work with new concepts.

2.6 Extend: Students apply to a more complex experience where learners can

add their own innovation. In this step, students can use linguistic intelligence, logical



mathematical intelligence, interpersonal intelligence or intrapersonal intelligence to apply
more complex experience.

2.7 Refine: Students begin to analyze the application of the concepts to
evaluate that experience and extension for relevance and usefulness. In this step, students
can use linguistic intelligence, logical mathematical intelligence, interpersonal intelligence,
intrapersonal intelligence or natural intelligence to analyze the application of the concepts.

2.8 Perform: Students are able to do it by themselves and sharing it with others
may form a new shape to this experience. In this step, students can use interpersonal
intelligence, intrapersonal intelligence, spatial intelligence, linguistic intelligence or logical
mathematical intelligence to share their ideas.

3. Learning Styles refer to ways of learning in which students show their particular
characteristic strengths and preferences. The way they learn means the processing of
information, and dealing with ideas. This study used the four styles of learning as classified
according to Kolb’s experiential learning style inventory updated in 1985. They are:

3.1 Convergent Learning Style refers to persons who like to learn using abstract
conceptualization and active experimentation. Their characteristics are that they mostly
prefer to deal with things or narrow technical interests.

3.2 Divergent Learning Style refers to persons who like to learn using reflective
observation and concrete experience. Their characteristics are that they mostly prefer to
think about the subject imaginatively.

3.3 Assimilative Learning Style refers to persons who like to learn using abstract
conceptualization and reflective observation. Their characteristics are that they mostly prefer
to ask questions and attempt to create theoretical models. They are often more concerned
with abstract concepts.

3.4 Accommodative Learning Style refers to persons who like to learn using
concrete experience and active experimentation. Their strengths lie in doing things and
involving themselves in new experiences. They tend to solve problems intuitively, relying on

others for information.
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In this study, learning styles of students were identified by learning styles
questionnaire that was adapted from learning styles questionnaire of Sirinoot Teanrungroj
(2005).

4. Multiple Intelligences refer to a set of skills, which allow individuals to find
answers for problems they face. In this study, the multiple intelligences of students were
measured by Multiple Intelligences Assessment that the researcher adapted from the Teele
Inventory of Multiple Intelligences (TIMI) of Teele (1997) and Multiple Intelligences
Assessment of Armstrong (2007). They consist of eight types of intelligences.

4.1 Linguistic Intelligence is the ability to use words and language such as
listening, speaking, writing, storytelling, explaining, etc.

4.2 Logical Mathematical Intelligence is the ability to use reason, logic and
numbers such as problem solving, classifying and categorizing information, doing
controlled experiments, etc.

4.3 Spatial Intelligence is the ability to perceive the visual such as jigsaw
assembly, reading, understanding charts, maps, and graphs, a good sense of direction,
etc.

4 .4 Kinesthetic Intelligence is the ability to control body movements and handle
objects skillfully such as dancing, physical co-ordination, sports, hands-on experimentation,
etc.

4.5 Musical Intelligence is the ability to produce and appreciate music such as
singing, whistling, clapping, playing musical instruments, recognizing tonal patterns, etc.

4.6 Interpersonal Intelligence is the ability to relate and understand others such
as understanding other people's moods and feelings, counseling, co-operating with groups,
etc.

4.7 Intrapersonal Intelligence is the ability to self-reflect and be aware of one's
inner state of being such as recognizing their own strengths and weaknesses, reflecting and
analyzing themselves, awareness of their inner feelings, desires and dreams, working by
himself etc.

4.8 Natural Intelligence is the ability to recognize and appreciate the world

around us such as species discrimination, the ability to recognize and classify various
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flowers and animals, knowledge of and communication with the natural world, the ability to
classify patterns in nature, etc.

5. Learning Outcomes refer to students’ performances that demonstrate their
abilities in intellectual, affective, and practical domains. The three major groups of learning
outcomes assessed in this study are as follows:

5.1 Achievement refers to students’ intellectual abilities that are demonstrated
from learning through these activities. Science achievement is delineated in Cognitive
Domain of Bloom’s Taxonomy- Taxonomy of Educational Objectives:

5.1.1 Knowledge: Knowing facts and describing what is observed.

5.1.2 Comprehension: Using ideas in familiar contexts, explaining how and
why something happens.

5.1.3 Application: Using knowledge and understanding in a new context.

5.1.4 Analysis: Separating concepts into its parts until relationship among
parts is clear.

5.1.5 Synthesis: Putting parts together to form whole, with emphasis on
creating a new meaning.

5.1.6 Evaluation: Making judgments about the value of ideas.

In this study, students’ achievement was measured by the achievement test that
was developed by the researcher.

5.2 Science Process Skills refer to students’ abilities to do experiments
demonstrated in the learning through these activities. They consist of seven basic skills and
six integrated skills.

5.2.1 Observing: Using the senses to obtain information or data about
objects and events.

5.2.2 Using space/Time relations: Discerning and describing directions,
spatial arrangements, motion and speed, symmetry, and rate of change.

5.2.3 Classifying: Identifying objects or events and showing similarities,
differences, and interrelationships.

5.2.4 Measuring: Using measuring instruments properly and carrying out

calculations with these instruments.
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5.2.5 Communicating: Presenting the data to other persons by speaking
writing or using of diagrams, maps, graphs, mathematical equations, and other visual
demonstrations.

5.2.6 Predicting: forecasting a future observation or event based on
observations, measurements, and inferences about relationships between observed
variables.

5.2.7 Inferring: Using logic to draw conclusions from what we observe.

5.2.8 Making Models: Constructing mental, verbal, or physical
representations of idea to clarify explanations.

5.2.9. Defining Operationally: Creating a definition by describing what is
done and observed.

5.2.10 Collecting Data: Gathering and recording information about
observations and measurements.

5.2.11 Interpreting Data: Organizing, analyzing, and synthesizing data by
using tables, graphs, and diagrams to locate patterns that lead to the construction of
inferences, prediction, or hypotheses.

5.2.12 Formulating Hypotheses: Making educated guesses based on
evidence that can be tested through experimentation.

5.2.13 Experimenting: Designing one’s own experiment to test a hypothesis
by using procedures to obtain reliable data.

In this study, science process skills of students were measured by science process
assessment that the researcher adapted from science process assessment for elementary
students of Smith & Welliver Educational Service (1994).

5.3 Attitudes toward science refer to a person’s positive or negative response to
the enterprise of science. Moreover, it refers specifically to whether a person likes or dislikes
science. In this study, attitudes toward science were measured in six areas. They were
learning science in school, self-concept in science, practical work in science, science
outside of school, future participation in science, and importance of science. Students’

attitudes toward science were measured by the attitudes toward science measure that the
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researcher adapted from attitudes toward science measure of Kind, Jones & Barmby
(2007).

6. Creative thinking refers to ability of students to create something new or original
from their understanding. It involves the skills of originality, flexibility, fluency and
elaboration.

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

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

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

6.4 Elaboration the ability to develop or embellish ideas and to produce many
detail to “flesh out” an idea.

In this study, students’ creative thinking was measured by the evaluation form of
creative thinking from students’ products that the researcher adapted from evaluation form
of creative thinking of Arunee Rodjanapaiboon (2003).

7. Teachers’ Opinions toward the Science Learning Activities refers to teachers’
feelings regarding the activities. These feelings are affected while considering documents
and using these activities in the instruction. Teachers’ opinions were measured in teaching-
learning process, assessment and evaluation. These data were obtained from teacher
opinions toward the science learning activities based on 4MAT System interview form that
was developed by the researcher.

8. Students’ Opinions toward the Science Learning Activities refer to students’
feelings in the experimental group toward teaching-learning processes, the content,
instructional materials, assessment and evaluation. These data were obtained from student
opinions toward the science learning activities based on 4MAT System interview form that
was developed by the researcher.

9. The Traditional Method of Teaching refers to the regular teaching method of the

science teacher who teaches science to the control group.



14

Conceptual Framework of the Study

The conceptual framework of the study evolved as a consequence of the literature
review in the field of theory of multiple intelligences, 4MAT System, Learning Styles and
science standards. In FIGURE 1, the development of science learning activities was based
on 4MAT System as an instructional strategy or lessons proceed.

The 4MAT System had been evident in many education research studies. They
showed that the model had increased achievement in science and science process skills
(Pradab Jontrakan. 2002) and influenced attitude toward science as well as scientific
knowledge (Bower. 1987; Wilkerson; & White. 1988; Appell. 1991; & Ursin. 1995). Moreover,
this model could enhance higher order thinking in students (Huitt. 2000; & Pattana
Phusanga. 2002). Consequently, 4MAT System in science offered many opportunities for
students to use their intelligence to construct their own knowledge. Moreover, the model
provided a systematic approach to organizing and delivering instruction that addresses the
learning styles, hemispheric preference of students as well as different intelligences in each
student. This model challenged learners to use what they presently know to create or build
meaning or an understanding through the refinement and adaptation of knowledge and
experience. (Wilkerson; & White. 1988: 357; & Campe. 2006: online).

FIGURE 1 was an attempt to describe the conceptual framework of the study and to
identify the relationship between science learning activities and multiple intelligences,

learning outcomes, creative thinking and opinion of students and teachers toward activities.

Independent Variables Dependent Variables

Multiple intelligences

- Science Learning Activities based on - Learning outcomes

4AMAT System

Creative thinking

A\ 4

- Learning Styles Students’ opinions toward the activities

- Teacher’s opinions toward the activities

FIGURE 1 CONCEPTUAL FRAMEWORK OF THE STUDY
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The framework for this study was evolved as a consequence of the literature review

in the field of science stan

dards. In FIGURE 2, the development of science learning

activities was based on 4MAT System. It is hypothesized that students who participate in

activities were representing the increasing of multiple intelligences, learning outcomes and

creative thinking and the positive opinions toward science learning activities of teacher and

students.
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Research Hypotheses

1. Interaction between science learning activities and learning styles of student
affects students’ multiple intelligences and learning outcomes.

2. Students who learn through science learning activities based on 4MAT System
have higher scores of multiple intelligences and learning outcomes than those who learn
through the science learning activities based on traditional method of teaching.

3. Students who learn through science learning activities based on 4MAT System
demonstrate progress in creative thinking.

4. Students who have different learning styles and learn through science learning
activities based on 4MAT System have the same scores of multiple intelligences, learning
outcomes and creative thinking.

5. Students who do science learning activities based on 4MAT System have
positive opinions toward science learning activities based on 4MAT System.

6. Teacher who implements science learning activities has positive opinions

toward science learning activities based on 4MAT System.



CHAPTER 2
REVIEW OF RELATED LITERATURE

This chapter reviews related literature that is relevant to the research objectives and
the situations in which they were explored. This chapter is divided into six sections: science
learning activities, the 4MAT System, learning styles, multiple intelligences, learning
outcomes and creative thinking. In the first section, science learning activities were
reviewed. In the second section, the 4MAT System, as viewed by science educators, was
reviewed. In the third section, learning styles were reviewed. In the forth section, the topic
of multiple intelligences in science education was explored. In the fifth and sixth sections,

learning outcomes and creative thinking were discussed, respectively.

1. Science Learning Activities

For the 21st century, our education is needed to develop the ability to solve
problems, continue lifelong learning, and transform information into meaningful knowledge.
Therefore, teacher must look for a wide variety of appropriate learning activities and then
select those that will most effectively use inquiry and discovery to teach science concepts,
help the children learn the process of science, and develop desirable behavioral outcomes
(Victor. 1985: 107).

1.1 Aspects of science learning activities

Knowledge and understanding cannot be passed to children directly. For
example, children do not come to know that light passes through some materials and not
other, and that when it does not, shadows may be formed simply by being told this and
asked to memorize it. So much is agreed. But in providing more genuine opportunities for
learning there are still many aspects to be decided (Harlen. 2000: 64-65):

1. The context of the activities: Should the science be studied in the contexts
of real life event, which provide interest and stimulate curiosity, but are complex and present
ideas often intertwined together, or in ‘tidied up’ activities which demonstrate scientific
relationships and concepts in a more direct form but which then have to be related to real

qguestions? Questions here relate to teaching within a topic which may draw in studies
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across the curriculum or at least across those parts of it included within environmental
studies.

2. The role of the learners: Should they be addressing their own questions,
and so have a part in deciding their activities, or questions proposed by the teacher or work
sheet, which will lead them more directly to intended experiences?

3. The role of the teacher during activities: Is this to show the way to work
through prescribed steps in the most efficient way or to challenge them to make decisions
about what they do and to justify their actions in the light of the evidence available to them?

4. The attention to be given to development of process skills: Given that the
development of process skills is as much an objective as knowledge and understanding,
how does this affect decisions about the form of activities? Should children be directed to
observe, predict and plan in a way that makes them conscious of what they are doing and
why, or encourages less explicitly to use these skills?

1.2 Components of science learning activities

What children experience in their activities is a combination of content, the way
in which they interact with that content, and the general classroom climate which influences
all activities (Harlen. 2000: 64-65).

1. Content

The scientific ideas or concepts that can be developed in classroom
activities depend on the content or subject matter. However, while the ideas to be
developed are generally chosen to meet the requirements of the curriculum standards or
guidelines, the choice of particular subject matter is generally left to the school and teacher.
If the children are to engage in the activities in ways that give opportunity to learn, it follows
that the content should:

- be sufficiently accessible to the children so that it is possible for them
to make links between their activities and previous experience. Among other things this
means using simple, robust and safe equipment rather than complex science apparatus
that many come between the children and the observations to be made;

- relate to their environment, not only so that is it familiar but so that they

are learning about the things around them;
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- stimulate interest of the children, both boys and girls and those of
different ethnic and social backgrounds. It is important that all children should be able to
find links between new experiences and their previous experience;

- provide the potential for children to acquire some ownership of the
questions they answer through their enquiries.

2. Classroom interactions
The development of process skills and attitudes, which should be an aim of
all science activities, is dependent on the way they encounter the content. This is
influenced by the classroom organization, whether children work in groups, and if so of what
size and composition, whether they follow instructions on work cards or sheets, etc. We
focus on the nature of the interactions between teacher and children, between children and
the materials they are studying, and among children. These interactions should be such

that children are encouraged to:

observe and raise questions and develop hypotheses based on their

ideas;

1

share ideas and listen to other points of view;

test ideas of their own or of others;

use evidence in coming to conclusions;

compare initial ideas with emerging ones;
- review their investigations to suggest improvements
3. Classroom climate

The view of learning as change in ideas means that there has to be
willingness to propose ideas in the first place, and then to put the ideas to the test to see if
they work in explaining things and so face the possibility of finding that they don’t work and
having to find alternatives. This involves some risk on the part of learners and some may be
uneasy about exposing their idea in case it is found not to work. Thus teacher have to take
positive steps to avoid a classroom atmosphere that would inhibit children airing and
sharing ideas.

It is all too easy to indicate that some ideas are more welcome than others.

The result is that children try to guess what the teacher wants rather than say what they
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really think. To avoid this teacher find two courses of action effective: making no judgmental
comment on the ideas children provide, accepting all as worthy of attention; and avoiding
identifying ideas with particular children. When all ideas are drawn together for discussion,
then children’s own comments will eliminate the ‘far out’ ones, which can be dropped by
common consent without anyone losing face.

In a supportive classroom it should be not only accepted but expected that
idea change. Teachers can help by talking about how their own ideas have changed and
by encouraging children to recognize the changes in their ideas and to value this as
evidence of learning. When discussion of this kind takes place the teachers can encourage
children to reflect on what made them change their ideas, thus helping them to reflect on the
process of their learning.

A classroom that supports learning is also one that enables children to take
some responsibility for their own learning, through access to materials and sources of
information. This can only happen without chaos ensuing of the expectation that children
will use these things with care and thought for others.

1.3 Kinds of science learning activities
Gega and Peters (1998: 52-66) said that teachers can transform their classroom
into a better learning environment through meaningful science activities. They divided
science learning activities in two basic kinds of activities teacher can use to meet the wide
variety of individual differences and objectives faced in classrooms—closed-ended and
open-ended activities.
1) Closed-ended activities

Closed-ended activities tend to be short and tightly focused. These
activities illustrate some idea or procedure with concrete materials. Working with concrete
materials helps the children to form realistic concepts or learn useful techniques. Once a
closed-ended activity has made its point, there is no need to continue. Closed-ended
activities, when taught well, help children construct a solid subject matter background that

is rooted in experience.
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1.1) Direct instruction

A common way to demonstrate closed-ended activities is through direct
instruction. Direct instruction is a teacher-centered, structured approach to teaching. The
teacher employs lectures, worksheets, recitations, demonstrations, or specific-answer
questions in a prearranged sequence that is generally based on a lesson plan. The teacher
is very much in control of the lesson.

The advantages to direct instruction are that the teacher can arrange the
sequence of activities ahead of time. This reduces the number of teaching decisions during
a lesson. This is especially helpful for inexperienced teachers who are preoccupied with
management issues or want to be sure they cover a certain curriculum. It is also helpful
when introducing a new skill or when safety issues prevent student exploration.

A more important advantage is that direct instruction can be used to
build the knowledge base for future learning. Teacher can spend as much time as needed
to think through which analogies, metaphors, activities, and questions will best support the
concept they want to develop before the lesson. Instruction continues systematically until
the teacher fell comfortable that students, overall, have grasped the concept.

A disadvantage to direct instruction is that since students construct
knowledge at their own pace, the teacher’s pace may not match the students’. Students are
not free to further explore topics on their own when they are interested. They are subject to
what the teacher selects as themes or important concepts. Problem-solving and higher-
order thinking skills are better developed through a more independent learning situation.

Another disadvantage of direct, or teacher-centered, instruction is that
the teacher may have gender, cultural, or other biases which will limit learning for some
students. In other words, the students are subject to everything from the teacher’s point of
view—not their own.

2) Opened-ended activities
Opened-ended activities are usually longer and branch out into many
related questions. Most teachers encourage children to try their own ideas about how to
investigate and organize objects or events. This allows children to discover things for

themselves.
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2.1) Guided discovery learning

Guided discovery learning is a less teacher-oriented and more student-
oriented instructional method. Students are guided in exploration of materials. They
observe phenomena, gather data on their own, make comparisons, draw inferences, and
arrive at conclusions. Teachers follow up on what has been discovered and point out any
misconceptions. Students are then free to explore once again. This method is especially
valuable in making connections between science vocabulary and scientific concepts.

In guided discovery, follow-up discussion and questioning are critical.
Guided discovery allows students to explore on their own. Sometimes, students form
misconceptions. In guided discovery activities, it is important to follow up after student
exploration and determine whether students have made a correct assumption.

2.2) Problem-centered learning

Problem-centered learning is a method of teaching and learning which
focuses on children’s ability to construct their own meaning for concept. Through problem-
centered activities, children learn to view science as a meaningful, dynamic activity. They
see science as a human endeavor in which they can participate.

In problem-centered learning students become more involved in the
planning and implementation of lesson. Students provided an initial question about nature
or explorations of phenomenon which is interesting to students, they continue an
investigation until a problem is solved. This idea is at the very heart of problem solving in
elementary science. Promoting and developing this inherent trait will provide life-long skills
in solving everyday problems.

2.3) Integrated approach

Integrated approach is a method of teaching and learning where
teachers will integrate other content areas with science. All content areas are integrated
and often based on story themes. Whole learning as applied to science can be thought of
as a synergy of scientific knowledge, process skills, and attitudes.

The advantages of whole learning are that it allows the child to:

- Learn in a social environment that fosters rich language activities.
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- Science concepts are put into a meaningful context by connecting
them with children’s literature and other content areas.
- The time spent on science learning is increased, since it becomes a
part of the normal reading and mathematics curriculum.
Chatuporn (2002: 19-20) suggested that teachers can use a wide variety
of learning activities to accomplish goals of learning science. She divided science learning

activities into seven kinds of activities.

—

. Audio-Visual Approach
. Individualized Approach

. Self-Study Approach

2
3
4. Drill- and- Practice Approach
5. Activity- Oriented Approach
6. Inquiry Approach

7

. Problem- Solving Approach
1.4 Criteria for evaluating activities
We can identify criteria that need to be met if activities are to provide real
opportunities for learning. The following are adapted from Harlen and Elstgeest (1992).
They take the form of questions that can be asked about planned or possible activities.
Does the activities:
- give the opportunity for children to apply and develop their ideas about
scientific concepts, that is, is the content relevant and interesting to them?
- enable children to use and develop science process skills, that is, is there
room for the children to do the thinking or is it all done for them?
- encourage scientific attitudes, that is, give opportunity for children to
exercise some choice?
- engage the interests of the children and relate to real life and their
everyday experience?
- appeal equally to boys and girls and to those of all cultural and ethnic
backgrounds?

- provide experience of learning through interaction with things around?
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- involve the use of simple and safe equipment and materials which are
familiar to the children?

- use readily available materials and equipment?

- involve children in working cooperatively and in combining their ideas?

The process of developing and deciding how to use criteria such as these is
most helpful when undertaken by the teachers who will use them so that they are committed
to the value they embody. Such criteria are useful in several ways. They can be used to
evaluate activities to find out to what extent intended learning opportunities have been
provided and intentions put into practice. They provide justifications of experiences to
children if shared with reasons in terms of learning outcomes for the way of working in
science.

In conclusion, there are many learning activities such as guided discovery
learning, problem-centered learning and integrated approach that teachers can use to
teach science concepts, help the children learn the process of science and develop
behavioral outcome. In activities designing, teacher should think that those activities must
give the opportunity for children to develop their scientific concepts, enable children to use
and develop science process skills, encourage scientific attitudes, engage the interest of
children, relate to real life and their everyday experience. In this study, the researcher
decided to use the 4MAT System to design science learning activities for students and
those activities will give the opportunity for students to develop multiple intelligences,

scientific concepts, science process skills, attitude toward science and creative thinking.

2. The 4MAT System

There are differences among people in the way they learn. These differences are
recognized and classified as styles of a learning process that an individual has. Many
educators tried to study about learning styles. For instance, Kolb explained learning as a
circular process. He described learners, if they are to be effective, need four different kinds
of abilities: concrete experience, reflective observation, abstract conceptualization, and
active experimentation. According to this idea in 1972, McCarthy developed the 4MAT

system. She added two new views to Kolb’s model concerning the way the brain works
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(right/left mode) (McCarthy. 1990: 31). Therefore, the 4MAT System is a teaching model
based on research on human brain function to create a practical teaching method for
maximizing human learning and potential.

2.1 Brain Hemisphericity

The human brain function in many ways acts as two brains—right and left
hemisphere—and that is the way in which we experience the world. Current brain research
has found that (1) the two halves of the brain process information differently, (2) both
hemispheres are equally important in terms of whole-brain functioning, and (3) individuals
rely more on one information processing mode than the other, especially when they
approach new learning (Bogen. 1969, 1975). In the book, Case Studies in Left and Right
Hemispheric Functioning (Fadely, & Hosler. 1983), the hemispheric functions are broken
down into hemispheres (FIGURE 3).

The left mode is serial, analytic, rational, and verbal. Left mode processing is
systematic. Analysis and planning are key strategies. Problems are solved by looking at
the parts, and sequence is critical.

The right mode is global, visual, and holistic, able to see patterns and
connections. Right mode processing seeks patterns and solves problems by looking at the
whole picture. Intuition, beliefs, and opinions are key processing strategies.

To illustrate the importance of whole-brain functioning, Jeremy Campbell (1989)
remarks on how the human mind forms its notions by mixing up its own nature with the
nature of things. When scientists engage in explicit theory development, he observes, they
use logical reasoning. But in the discovery phase that must precede the definitive process
of creating a new theory, they often use illogical reasoning, reasoning that reflects their own
subtle biases.

The reality is that we approach learning with our whole minds, with our intuition,
our beliefs, and our subjectivity intact. Accordingly, schools should engage the subjective
mind more openly and with honor. It is the whole brain that flexes and flows. If the left
mode engages in analyses—breaks down, specializes, names things, and agrees on the
existence of these thing—and if the right mode seizes upon the character of the whole—

understands from experience and grasps directly—then it is clear we need to honor both
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modes of processing in our schools, and we must engage the whole brain (McCarthy. 1990:

33).
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FIGURE 3 THE HEMISPERES AND SPECIFIC FUNCTIONS

Source: Coren, Stanley. (1993). The Left-Hander Syndrome: The Cause and

Consequences of Left-Handedness.

2.2 Principles of 4MAT

2.2.1 Human beings perceive experience and information in different ways, and
they process experience and information in different ways, too. The combinations formed
by our own perceiving and processing techniques form our unique learning styles.

2.2.2 There are four major identifiable learning styles. They are all equally
valuable.

2.2.3 Learners need to be comfortable about their own unique learning style.
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- Type One Learners are primarily interested in personal meaning. Teachers
need to create a reason.

- Type Two Learners are primarily interested in the facts as they lead to
conceptual understanding. Teachers need to give them facts that deepen understanding.

- Type Three Learners are primarily interested in how things work. Teachers
need to let them try it.

- Type Four Learners are primarily interested in self discovery. Teachers
need to let them teach it to themselves and others.

2.2.4 All learners need to be taught in all four ways, in order to be comfortable
and successful part of the time while being stretched to develop other learning abilities. All
learners will shine at different places in the learning cycle, so they will learn from each other.

2.2.5 The 4MAT System moves through the learning cycle in sequence,
teaching in all four modes and incorporating the four combinations of characteristics. The
sequence is a natural learning progression.

2.2.6 Each of the four learning styles needs to be taught with both right- and
left-mode processing techniques. The right mode dominant learners will be comfortable half
of the time and will learn to adapt the other half of the time. The left mode dominant learners
will be comfortable half of the time and will learn to adapt the other half of the time.

2.2.7 The development and integration of all four styles of learning and the
development and integration of both right- and left-mode processing skills should be a
major goal of education.

2.2.8 Learners will come to accept their strengths and learn to capitalize on
them while developing a healthy respect for the uniqueness of others, and furthering their
ability to learn in alternative modes without the pressure of being wrong.

2.2.9 The more comfortable they are about who they are, the more freely they

learn from others (Cox. 1997: 21-22).

2.3 The 4MAT process

The 4MAT System has a distinction from other learing styles theories; it takes

into account all learning styles in one cycle of learning process, which can involve all
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learners’ difference (McCarthy. 1987; Gary; & Palmer. 2001; Kaplan. 1998).
process cycle of 4AMAT System is illustrated in FIGURE 4.
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Learning

Source: McCarthy, Bernice. (1990). Using the 4MAT System to Bring Learning

Styles to Schools. p.33.

FIGURE 4 depicts the four-quadrant model, with each quadrant representing one of

the four major learning styles. By superimposing right and left hemispheric preferences on

each of the four quadrants, an eight-step cycle is formed.

Right mode or left mode

instructional strategies are assigned to each of the eight steps. In this research, the 4MAT

System will be adapted from McCarthy. It is based on the assumption and processes of

constructivism theory and multiple intelligences theory and offers a different way of thinking

about learning.
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Quadrant 1: Concrete Experience

Step 1: Connect or Create an Experience. Link the concept to the
individuals in a personal and meaningful way. Teachers will capture students’ attention that
begins with a situation that is familiar to students and builds on what they already know.
Activities for a situation may include sharing personal reflections and autobiographical
information, brainstorming, listening, speaking, mind mapping, drawing, interacting, idea
generating, and role play. In this step, students can use interpersonal intelligence, natural
intelligence, spatial intelligence, linguistic intelligence, kinesthetic intelligence or musical
intelligence to do activities.

Step 2: Examine or Reflect on the Experience. Ask learners to think about
the experience and share it with others. This step is critical to applying constructivist
learning theory in a classroom. Before beginning any new learning, teacher can surface the
prior knowledge that students bring with them. To organize effective learning step, it is
important to find out what current perception, construction or misconception students bring
with them.  Teacher must understand what students actually know or think before
introducing new learning. Role of teacher in this step is to guide students to reflection and
analysis of the experience in step 1. After that students share their perceptions and beliefs
to create and reinforce the meaning that brings real understanding and the reason to learn.
In this step, students can use linguistic intelligence, logical mathematic intelligence,
intrapersonal intelligence or interpersonal intelligence to build their own belief.

Quadrant 2: Reflective Observation

Step 3: Image or Integrate the Observation into Concepts. Synthesize the
reflections from the previous personal experience into a visual or poetic image or feeling
that links the personal experience to the concept under study. Teachers will deepen the
connection between the concept and its relationship to the students’ lives and keep relating
what the students already know to what experts have found. They use another medium to
connect the students’ personal knowing to the concept. The concept will be taught into an
image or experience, a “sneak preview” for the students. Activities may include seeing
relationships and connections; patterning; creating analogs, metaphors, and non-verbal or

spatial representations; discussing. In this step, students can use spatial intelligence,



30

kinesthetic intelligence, musical intelligence or interpersonal intelligence to clarify their
concept.

Step 4: Inform or Developing Theories and Concepts. Give learners
conceptual and factual information from experts. Teachers will provide information related
to the concept through lecture, text films, visual computer-assisted instruction, etc. They
emphasize the most significant aspects of the concept in an organized, organic manner and
present information sequentially so students see continuity. In this step, students can use
linguistic intelligence, logical mathematical intelligence, intrapersonal intelligence or
interpersonal intelligence to learn concepts and skill for new experience.

Quadrant 3: Abstract Conceptualization

Step 5: Practice or Using Information Practically. Learners practice using
information to see “how it works” in the real world. Teachers will provide hand-on activities
for practice and mastery to check understanding of concepts and skills. Activities may
include exploring, manipulating, applying the facts and concepts, field and lab work,
adapting knowledge to personal use, demonstrations, worksheets, puzzles, diagrams,
computer experiments, conversations with peers and instructors. In this step, students can
use kinesthetic intelligence, intrapersonal intelligence or interpersonal intelligence to work
with new concepts.

Step 6: Extend or Integrating Material with Self. The learners add
something of themselves by extending what is learned through their own project choices
and individualizing their own experimentation. Teachers will provide the opportunity for
students to design their own open-ended explorations of the concept. Learners begin
integrating the information with themselves to evolve a personal synthesis. The learner can
choose to work cooperatively in a team or alone and share products later. In this step,
students can use linguistic intelligence, logical mathematic intelligence, interpersonal
intelligence or intrapersonal intelligence to apply more complex experience.

Quadrant 4: Active Experimentation

Step 7: Refine or Analyzing for Usefulness or Application. The learner
moves beyond simple practice and reinforcement and uses the information in a creative

way. Teachers will give guidance and feedback to encourage, refine, and help student to
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analyze their use of the learning for meaning, relevance, and originality. Students edit
(revise, refine), assess quality of evidence, synthesize original performances, analyze what
they have planned as their “proof” of learning based on relevance to content, originality, and
excellence, prepare and present exhibitions and publications. In this step, students can
use linguistic intelligence, logical mathematic intelligence, intrapersonal intelligence,
interpersonal intelligence or natural intelligence to analyze the application of the concepts.

Step 8: Perform or Integrating Application and Experience. The learners
present or perform the original example of their learning, sharing it with others in a
meaningful way. This is also the time to celebrate the learner's accomplishments. As this
step moves from individual, private acts to more open and public exhibits, the power of
social interaction shapes learning profoundly. Moreover, students will gain the basic social
skills of critical thinking, communicating, relating from an effective public presentation. In
this step, students can use intrapersonal intelligence, interpersonal intelligence, spatial
intelligence, linguistic intelligence or logical mathematic intelligence to share their ideas.

2.4 Roles of teachers and students in 4MAT system

When the 4MAT Wheel is used to plan a system approach, each quadrant of the
4MAT cycle can be divided into teacher and student perspective. They are as follows
(McCarthy. 1990: 35-36):

Quadrant One becomes devoted to the question Why? The teacher’s role
involves connecting meaning to content, honoring student diversity as an aid to learning and
honoring teacher diversity as resources to each other. The student’s role is to construct
meaning in dialogue with each other about content that connect to their lives.

Quadrant Two becomes What? The teachers assume the roles of instructional
leaders. They have to manage and develop knowledge units with conceptualized themes
patterned into meaningful connections and relating the parts back to the whole. The
students are the comprehenders of that content.

Quadrant Three becomes How does this work? The teachers become the
coach. They will guide and facilitate basic skill development, lead students to the

identification and articulation of the material learned and lead student to the use and
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integration of the material learned. The students assume the role of user of content and
skills.

Quadrant Four becomes /f? The teachers become the facilitator of creative
options.  They will oversee student self-discovery, arrange student sharing, encourage
diverse use of learning, elaborate, critique and honor student originality. The students
become the innovator.

According to the 4MAT system, it offers a framework that can help learners with
different learning styles at the same time. This model is also based on differences in brain
hemispheric preferences (Musa; & Wood. 2003: online). Thus, the 4MAT system will be an
instructional model that aids teachers in designing units of study that address the learning
styles as well as hemispheric preference of student.

2.5 Research on 4MAT System

There are many studies supportive of the idea that 4AMAT system is an effective
way to teaching-learning process. For example, Wilkerson and White (1988: 357-368)
studied the effect of the 4MAT system of instruction on students’ achievement, retention,
and attitude. According to the 4MAT system for a one month science unit, this study found
that the 4MAT system of instruction is an effective instructional model for elementary
students. The third-grade students taught by the 4MAT system in this study learned more of
the content on simple machines and long term retention as measured on as unannounced
test 35 days later and displayed more positive attitudes toward the unit than the students
taught by the textbook approach.

Bowers (1987: abstract) also studied the effect of the 4MAT system on
achievement and attitudes in science. Fifty-four gifted sixth grade students in three schools
were randomly assigned to two groups, a 4MAT group and a restricted-textbook group that
used only left-hemisphere activities. Both groups were taught a three-hour unit on Newton'’s
First Law of Motion. The results found that the dependent variables were a 35-item
knowledge test (no significant differences), a 25-itiem critical thinking test (highly significant
at .01 level for 4AMAT), the whole 60-item test (significant for 4AMAT at .05), a 6-item attitude
rating on the science unit (significant for 4MAT at .05 level), and a 4-item attitude rating on

science in general (significant at .05 level for the textbook group).
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Appell (1991: abstract) investigated the effects of the 4MAT system of
instruction on academic achievement and attitude in the elementary music classroom. The
results of the pre- and posttests and the attitude survey were analyzed using a t-test with
significance established at the .05 level for one-tailed comparisons. The mean difference in
achievement score between the two groups indicated the students in the 4MAT group
achieved significantly greater gains than students in the textbook group. There was no
significant difference between attitudes of students in the 4MAT and textbook groups.

Ursin (1995: abstract) also investigated the effectiveness of the 4MAT system of
instruction on achievement, products, and attitudes toward science of ninth-grade students.
The subjects were 48 students from a rural, public high school in Connecticut. The students
were taught an Earth Science curriculum for one semester. The experimental group was
taught using the 4MAT System; the control group was taught a textbook approach. The
hypothesis pertaining to students' attitudes toward science was tested using Analysis of
Covariance. No significant differences were found. However, the experimental group did
have positive gains in attitude on the posttest. The Analysis of Variance on the product
scores demonstrated significant differences favoring the control group for 6 individual
categories, total performance and categories 1-8 collectively. The differences on the overall
assessment were not significant. A t-test revealed no significant differences between the
groups on achievement. Post achievement mean scores indicated that the experimental
group scored higher on the posttest. However, an Analysis of Covariance procedure
showed no significant difference. This study is considered importantbecause no studies
have assessed the effects of 4MAT Instruction on achievement, products and attitudes
toward science at the secondary level.

Huitt (2000: online) used the 4MAT system to design web-based instruction. He
suggested that student learning can be enhanced by using 4MAT system of instruction.
Moreover, he stated that the 4MAT system can engage higher order thinking in students
throughout the lesson.

Dounghathai Sangwiriya (2001: abstract) studied the effects of using the 4MAT
lesson plan on learning achievement responsibility and learning attitude in the education

population unit and the occupations unit, prathom suksa V. This study used the randomized
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control group pretest-posttest design. Findings of the study showed that the learning
achievement of students through using 4MAT lesson plan and of the students through using
the lesson plan and of the students through using the lesson plan of the department of
curriculum were not significantly different. The learning responsibility and the learning
attitude for learning of students through using 4MAT lesson plan and of the students through
using the lesson plan of the department of curriculum were, however, different.

Nitita Kusolpoon (2002: abstract) studied a comparison of the effects of
McCarthy’s learning (4MAT) and group dynamics on creativity of prathom suksa Il students
of Sawasdeewittaya school in Khet Vadhana, Bangkok. The results showed that the
creativity of the students exposed to McCarthy’s learning (4MAT) and group dynamics were
significantly increased than before the experiment at .01 level. There were no significantly
differences of creativity of students exposed to McCarthy’s learning (4MAT) and the others
students exposed to group dynamics.

Erawan Merngchaisong (2004: abstract) studied the effects of organizing
instructional activities for teaching basic science process skills based on the 4MAT learning
model. The target group was consisted of 40 seventh-grade students. The one-group
pretest-posttest design was employed in the study. The finding showed that after the
experiment the students passed seven basic science skills from doing the learning
achievement test, i.e. the observation, measuring, computing, classifying, finding the
relationship between space/space and space/time, communicating and inferring skills. The
only item that the students failed to pass was the prediction skill. The students made a mean
achievement score of 82.12% and 85% of students passed the passing criterion.
Furthermore, a study of the researcher and students’ opinions about the organization of
instructional activities based on the 4MAT learning model showed that the students found
the content to be easier to learn and the classes were enjoyable. They also showed a
development in thinking skill.

Piyalux Potiwan (2004: abstract) studied the development of instructional
activities for tenth-grade covalent molecule subject based on the 4MAT cycle of learning.
The target group was consisted of 45 tenth-grade students who were studying during the

first semester of 2004 school year. The finding showed that, as a result of organizing the
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instructional activities based on the 4MAT learning cycle, the students were able to pass the
school’s passing criterion in chemistry. The students also showed a positive attitude toward
chemistry subject. In addition, the students enjoyed activities as organized.

Phatchariya Phetdong (2005: abstract) studied the outcome activity learning
and teaching of science for Pratomsuksa 5 on “Sound” using the 4MAT model. The
samples were 27 Pratomsuksa 5 who were studying during the first semester of 2005 school
year. The research design was a case study by using one-shot case study. The finding
found that teaching and learning activity management by using 4MAT model was teaching
and learning activity for helping students in using both left-hand and right-hand hemisphere
in learning with balance. This cased the students’ learning enthusiasm, enjoying,
interesting, concentrating, asserting, expressing opinion, and listening to other’s opinion.
Furthermore, the students had unity and collaboration in working with other people.
According to the results of learning achievement testing from science, the average was
80.50% passing criterion as determined by the school of 70%.

Moreover, level of teacher satisfaction with 4MAT and facility of implementation
have also been researched. In the main, studies of teacher and student satisfaction with
4AMAT are generally positive. Sangster and Shulman (1988) interviewed 572 students and
31 teachers who previously used the 4MAT system in two school systems in Ontario. Their
study showed that over 90% of the teachers involved had interest in teaching other 4MAT
units and 77% would teach the unit designed for the experiment again. Student response
was also favorable with 71% finding the 4MAT course more enjoyable than their regular
instruction. Sixty percent said they learned more and 62% wanted to participate in more
classes that used the 4MAT system. Ault (1986) investigated the use of 4MAT in two
general studies courses at a small college in Ohio. Student attitude showed statistically
significant improvement and teachers reported greater satisfaction with their teaching.

Therefore, in this study, the researcher was interested in using the 4MAT System to
design science learning activities, with the processes consisted of the eight steps as
follows: Step 1: Connect or Create an Experience, Step 2: Examine or Reflect on the
Experience, Step 3: Image or Integrate the Observation into Concept, Step 4: Inform or

Developing Theories and Concept, Step 5: Practice or Using Information Practically, Step 6:
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Extend or Integrating Material with Self, Step 7: Refine or Analyzing for Usefulness or

Application, and Step 8: Perform or Integrating Application and Experience.

3. Learning Style

Every person has a learning style; it is as individual. Learning styles specifically
deal with characteristic styles of learning, that is, how one learns (Byrne. 2002: 3).

3.1 Definition of Learning Style

There are many interpretations and definitions of learning styles. The definition
offered by Della-Dora and Blanchard (1979: 22) of “a personally preferred way of dealing
with information and experiences for learning that crosses content areas” puts emphasis on
information processing. While the definition, “the students’ consistent way of responding
and using stimuli in the context of learning” stated by Claxton and Rolston (1978:1) is
focused more on the sensory perception.

Dunn; Beaudry and Klavas (1989: 50) give the meaning of learning style as a
“biglogically and developmentally imposed set of personal characteristics that make the
same teaching (and learning) methods more effective for some and less effective for
others”.

Moreover, Dunn; Dunn and Perrin (1994: 2) give the meaning of learning style
as the way in which each learner begins to concentrate on, process, and retain new and
difficult information.

Learning style is the ways of learning in which students show their particular
characteristic strengths and preferences. The way they learn means the processing of
information and dealing with ideas.

3.2 Classification of Learning Styles

The concept of learning styles is rooted in the classification of psychological
types. Some educators describe many reasons for differences in individual learning style.
For example, Kozma (1994) describes two main reasons. They are behavioral approach
and cognitive approach. James and Gardner (1995) categorize learning styles according to
perceptual, cognitive, and affective dimensions. Another useful method is to categorize

various learning style models: personality models, information processing models, social
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interaction models, and instructional preference models (Griggs. 1991; & Swanson. 1995).
Others categorize learning style by physical and sensory preferences, e.g. visual, auditory,
tactile, and kinesthetic (Gentry. 1990). Asselin and Monney (1996) use brain hemisphericity
to differentiate between right brain (global) and left brain (analytic) learners.

Moreover, Dunn describes five reasons that reveal that learners are affected by
1) their immediate environment, 2) their own emotionality, 3) their sociological preference, 4)
their physiological characteristics, and 5) their processing inclinations (Dunn; Dunn and
Perrin (1994: 3).

3.3 Learning Style Models

Several dozen learning style models have been developed, five of which were
reviewed in this study: Jung’s Theory of Psychological Type as operationalized by the
Myers-Briggs Type Indicator (MBTI), The Felder-Silverman Model as operationalized by The
Index of Learning Styles (ILS), Kolb’s Learning Style Model as operationalized by Learning
Style Inventory (LSI). Two other models are those of Herrman and Dunn and Dunn.

3.3.1 Jung’s Theory of Psychological Type

This model classifies students according to their preferences that are

assessed by The Myers-Briggs Type Indicator (MBTI). Student may be:

- extraverts (try things out, focus on the outer world of people) or
introverts (think things through, focus on the inner world of ideas).

- sensors (practical, detail-oriented, focus on facts and procedures) or
intuitors (imaginative, concept-oriented, focus on meaning and possibilities).

- thinkers (skeptical, tend to make decisions based on logic and rules) or
feelers (appreciative, tend to make decisions based on personal and humanistic
considerations).

- judgers (set and follow agendas, seek closure even with incomplete
data) or perceivers (adapt to changing circumstances, resist closure to obtain more data).

The MBTI type preferences can be combined to form 16 different learning
style types. For example, one student may be an ESTJ (extravert, sensor, thinker, perceiver)

and another may be an INFJ (introvert, intuitor, feeler, judger) (Felder. 1996).
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3.3.2 The Felder-Silverman Model
This model classifies students by using The Index of Learning Styles (ILS).
They may be:

- sensing learner (concrete, practical, oriented toward facts and
procedures) or intuitive learners (conceptual, innovative, oriented toward theories and
meanings).

- visual learners (prefer visual representations of presented material—
pictures, diagrams, flow charts) or verbal learners (prefer written and spoken explanations).

- inductive learners (prefer presentations that proceed from the specific
to the general) or deductive learners (prefer presentations that go from the general to the
specific).

- active learners (learn by trying things out, working with others) or
reflective learners (learn by thinking things through, working alone).

- sequential learners (linear, orderly, learn in small incremental steps) or
global learners (holistic, systems thinkers, learn in large leaps) (Felder. 1996).

3.3.3 Herrman Brain Dominance Model
This method classifies students in terms of their relative preferences for
thinking in four different modes based on the task-specialized functioning of the physical
brain by using Herrman Brian Dominance Instrument (HBDI). The four modes or quadrants
in this classification scheme are:

- Quadrant A (left brain, cerebral). Logical, analytical, quantitative,
factual, critical.

- Quadrant B (left brain, limbic). Sequential, organized, planned,
detailed, structured.

- Quadrant C (right brain, limbic). Emotional, interpersonal, sensory,
kinesthetic, symbolic.

- Quadrant D (right brain, cerebral). Visual, holistic, innovative (Felder.

1996).
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3.3.4 Dunn and Dunn Learning Style Model
This model categorizes 21 unique elements into five major stimuli: (a)
environmental, (b) emotional, (c) sociological, (d) physiological, and (e) psychological and
focuses on indentifying individuals’ preference for instructional environments, methods, and
resources. Students are classified as:

- auditory learners who absorb spoken and heard material easily and like
to be involved in aural questioning rather than reading materials. They prefer listening to
lectures, stories, and songs, and they enjoy variation, such as voice inflection and
intonational pitch. They like to discuss and use opportunities to talk about their learning with
other students.

- visual learners who learn best from information that they see or read.
They like illustrations, pictures, and diagrams. Graphic organizers are useful tools for them
to construct meaning visually. Color has an impact on their learning.

- tactile learners who learn best from handling materials, writing,
drawing, and being involved with concrete experiences.

- kinesthetic learners who learn best by doing and moving, by becoming
physically involved in learning activities that are meaningful and relevant in their lives.

- tactile/kinesthetic learners who want to be physically involved in the
learning process. They enjoy role-playing and stimulations and like the freedom and
opportunity to move about the classroom.

3.3.5 Kolb’s Learning Style Model

David Kolb, who is credited with initiating the learning style movement,
states that “it is more effective to design curriculum so that there is some way for learners of
every learning style to engage with the topic material, and then begin to stretch his or her
learning capability in other learning modes” (Brown. 2003: 1; citing Delahoussaye. 2002:
31).

Kolb’s learning style is based on three educators: John Dewey who
emphasizes the need for learning to be grounded in experience, Kurt Lewin who stresses
the importance of a person being active in learning, and Jean Piaget who originates the

theory of intelligence as the result of the interaction of the person and the environment
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(Sirinoot Teanrungroj. 2005: 51; citing Clark. 2000). Kolb’s learning style is classified into

four stages of learning which are based on a model with two dimensions as show in FIGURE 5.
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FIGURE 5 KOLB’S EXPERIENTIAL LEARNING STYLE

Source: Kolb, D.A. (1984). Experiential Learning: Experience as the Source of
Learning and Development. p.39. (citing Musa, Abuagil; & Wood, J.R.G. (2003). Online

Learning and Learning Styles. (Online).)

1) The first dimension, “active processor’ and “reflective processor”, running
horizontally, are people who based upon ‘thought and emotional processes’. The left end is
the active processor and who makes sense of an experience by immediately using the new
information (responsive feelings). The right end is the reflective processor who makes sense
of an experience by reflecting on and thinking about it (controlled feelings).

2) The second dimension, “concrete perceiver” and “abstract perceiver”,
running vertically, are people who based upon ‘task’. The top of the dimension is the

concrete perceiver who absorbs information through direct experience, by acting, sensing,
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feeling, and doing the tasks (performing). The bottom of the dimension is the abstract
perceiver who takes in information through analysis, thinking, and watching the task
(observing) (Sirinoot Teanrungroj. 2005: 52; citing Clark. 2000).

Kolb’s Learning Style model is actually a two-process model as described in
Figure 5. Clark describes these two learning models from two dimensions (Sirinoot
Teanrungroj. 2005: 53; citing Clark. 2000):

1) The first model is four steps of learning processes. They are composed of:

- Watching: Learners prefer learning situations such as lectures that
allow the role of impartial objective observers. These individuals tend to be introverted or
reflective. Thus, lectures are helpful to these learners.

- Thinking: Learners rely heavily on logical thinking and rational
evaluation. These individuals tend to be more oriented toward things and symbols, and less
toward people. Thus, case studies, theoretical reading and reflective thinking exercises help
these learners.

- Feeling: Learners rely heavily on feeling-based judgments. These
individuals tend to be empathetic. Thus, specific examples, group work, or peer feedback
help these learners.

- Doing: Learners rely heavily on experimentation. These individuals tend
to be extroverts. They want to touch everything. Thus, problem-solving, small group
discussions, peer feedback, or self directed work assignments help these learners.

2) The second model is the four learning styles used within the learning
process. They are composed of:

- Reflectors (or Divergers): Learners like to learn using reflective
observation and concrete experience such as logs, journals, and brainstorming.

- Theorists (or Assimilators): Learners like to learn using abstract
conceptualization and reflective observation such as lecture, papers, analogies, and like to
ask questions.

- Pragmatists (or Convergers): Learners like to learn using abstract
conceptualization and active experimentation such as laboratory work, fieldwork or

observations.
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- Activists (or Accommodators): Learners like to learn using concrete
experience and active experimentation such as simulation, case study, and homework.

Kolb divides the two dimensions into four quadrants or four personal
learning styles:

1) Divergent Learning Style
2) Assimilative Learning Style
3) Convergent Learning Style
4) Accommodative Learning Style
3.4 Designing Classroom Learning Environment for Student’s Learning Styles

In the classroom environment, students come to the classroom with their
preferred learning styles; therefore, all of these dominant learning styles should be
addressed (Merrill. 2003: 1). When teachers are considering the design of a learning
process for an active learning classroom environment, they should be aware of the impact
of learning style. Carrier and Sales (Roy. 1997: 66; citing Carrier & Sales. 1987), Stice and
Dunn (1985) state that if instructional design matched student learning style preference,
then it should have a positive impact on student achievement. This is also supported by
Stitt-Gohodes (Brown. 2003: 2; citing Stitt-Gohodes. 2001) who states that “knowing this
type of information can help instructors develop course structures that provide a better fit
between instructional goal and students” learning style preferences. The impacts of
recognizing students’ learning styles on the classroom learning environment can be
summarized in the following criteria (Sirinoot Teanrungroj. 2005: 53; citing On purpose
associates. n.d.):

1) Curriculum: The teachers must place emphasis on intuition, feeling,
sensing, and imagination, in addition to the traditional skills of analysis, reason, and
sequential problem solving.

2) Instruction: The teachers should design their instruction methods to
connect with all four learning styles, using various combinations of experience, reflection,
conceptualization, and experimentation.

3) Assessment: The teachers should employ a variety of assessment

techniques, focusing on the development of "whole brain" capacity and each of the different
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learning styles. Learning style research is more involved in business and education. The
following paragraphs are examples of the studies on impact of learning styles on education.
3.5 Research on Learning Style

Learning style research is more involved in education. Many researchers
studied about impact of learning styles on education. For instance, some studies showed
that identifying a student’s learning style and then providing instruction consistent with that
style contributes to more effective learning (ibid. n.d.). Brown (2003: 1) reported on studies
by Miller (2000) and Stitt-Gohdes (2003) that when students’ learning preferences match
their instructor’s teaching style, student’s motivation and achievement usually improved.

Dunn; Griggs; Olsen and Gorman (1995: abstract) reported from their study that
students whose learning styles were accommodated through compatible instructional
interventions can be expected to achieve 75% of a standard deviation higher than those
who had not had their learning style considered.

Clariana (1997) studied learning style in CAL-computer-assisted learning. The
Kolb Learning Style Inventory (LSI) was administered pre and post study. Three surveys
were implemented. The first survey was implemented with thirteen to fourteen-year-old
students of mathematics. They were treated with individualizing approximately 30 minutes of
computer-assisted learning per day over five months. The second survey was implemented
with nineteen to twenty-one-year-old students in computer mathematics instruction. They
received approximately 3 hours per week over a five-week period of time. The third survey
was implemented with adult education majors enrolled in a microcomputer course. They
received approximately 3 hours per week over a five-week period of time. The findings of
these three diverse CAL experiences and different learner populations were the same; that
was, a general shift occurred in learning style toward the Concrete Experience and Active
Experimentation dimension.

Gee (Diaz & Cartnal. 1999: 131-132; citing Gee. 1990) studied the impact of
learning style variables in a live teleconference distance education class. The purpose of
the study was to examine the influence of student learning style preference on student
achievement using the Canfield Learning Style Inventory. The results of this study showed

that the differences in learning styles affected student achievement in various comparisons.
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For example, successful distance education students favored an independent learning
environment while successful on-campus students showed a preference for working with
others.

Diaz and Cartnal (1999) compared student-learning styles in an online distance
learning class with an equivalent on-campus class. The purpose of the study was to
compare the student learning styles of two online health education classes with an
equivalent on-campus class. The Grasha-Riechman Student Learning Style Scales was
administered to determine student social learning preferences in six learning style
categories. The results indicated that students enrolled in the on-campus class were
statistically more dependent learners than the distance group.

Lefkowitz (2001: abstract) studied the effects of traditional presentation versus
learning-style presentation of course content in medical/legal issues in health care on the
achievement and attitudes of college students. The aims were to examine college students’
learning styles and to compare the achievements and the attitudes of them between CAP-
Contract Activity Package- and traditional instruction. The results documented the
differences among college students’ learning style and demonstrated statistically increased
achievement test scores and attitude test scores when CAP rather than traditional teaching
is employed.

Davis and Franklin (2004) investigated the impacts of students’ learning style
preferences. The subjects were students who volunteered to solicit and spend two hours
working through activities and taking various learning style preference assessment. Those
students enrolled in calculus-based physics. The pretest and post-test research design was
employed. The purpose of the study was to examine the course grade and the correlation
between personality types, sociological learmning style preference and performance on pre-
and post-test. Little correlation was found.

Aree Taweelap (2003) also conducted a study of learning styles and
achievements in Sciences of Mathayomsuksa Il students through science activities set by
AMAT system. The study used Lertlop’s learning style questionnaire, which was developed
from Kolb’s experiential learning style inventory. The study found that the learning styles of

students were not changed after learning by 4MAT system. That meant that students
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normally used their own learning styles to study new things. The study also found that the
achievements of students were significantly different among learning styles. In short, the
benefits of using learning styles support individual learning and help to organize the
learning process. Also, the learning activity should be concerned with the differences
between of learning styles of the students.

In this study, researcher decided to use Kolb’s learning style that classifies into
four personal learning styles: divergent learning style, assimilative learning style, convergent
learning style and accommodative learning style. The learning styles were categorized by

The Learning Style Questionnaire of Sirinoot Teanrungroj (2005).

4. Multiple Intelligences Theory (Ml Theory)

A given person’s intellectual performance will vary on different occasions and in
different domains as judged by different criteria (Neisser. 1996: 77). The concepts of
intelligence have recently begun to be reconceptualized and looked at in a more integrated
fashion. In 1983, Gardner developed a theory called Multiple Intelligences that identifies and
describes eight distinct ways in which people can represent what they know and what they
can do. The concept of multiple intelligences is very content and context oriented-focusing
on human potential, an idea related to the theme “science for all” (Silver; Strong; & Perini.
1997: 22-24).

4.1 Multiple Intelligences

Gardner believed that a unitary approach did not do justice to the strengths and
weaknesses in assessing an individual, and proposed that each individual has multiple
human abilities or multiple intelligences. On the basis of a set of eight criteria, Gardner
identified eight intelligences that each individual possesses to varying degree (Chan. 2004:
18). These eight intelligences can be defined and summarized as follows (Armstrong. 2000: 2):

41.1 Verbal-Linguistic Intelligence

Linguistic intelligence refers to an individual's mastery in using language
competently for communication and expression. Armstrong offers a comprehensive
definition of the linguistic competence, that is, the capacity to use words effectively, whether

orally or in writing. This intelligence includes the ability to manipulate the syntax or structure
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of language, the phonology or sounds of language, the semantics or meanings of language,
and the pragmatic dimensions or practical uses of language.
4.1.2 Logical-Mathematical Intelligence
Mathematical intelligence refers to the capacity to use number effectively
and to reason well. This intelligence includes sensitivity to logical patterns and
relationships, statements and propositions, functions, and other related abstractions. The
kinds of processes used in the service of logical-mathematical intelligence include:
categorization, classification, inference, generalization, calculation, and hypothesis testing.
4.1.3 Visual-Spatial Intelligence
Spatial intelligence refers to the capacity to think visually, orient oneself
spatially, see the visual-spatial world clearly, and to execute transformations on one’s initial
perceptions. The intelligence involves sensitivity to color, line, shape, form, space, and the
relationships that exist between these elements. It includes the capacity to visualize, to
graphically represent visual or spatial ideas, and to orient oneself appropriately in a spatial
matrix.
4.1.4 Bodily-Kinesthetic Intelligence
Bodily-kinesthetic intelligence requires the adeptness to comprehend the
world through body experiences, to express ideas and emotions, and communicate with
others physically. Armstrong describes bodily-kinesthetic intelligence as having expertise in
using one’s whole body to express ideas and feelings and facility in using one’s hands to
produce or transform things.  This intelligence includes specific physical skills as
coordination, balance, dexterity, strength, flexibility, and speed, as well as proprioceptive,
tactile, and haptic capacities.
4.1.5 Musical-Rhytmic Intelligence
Musical-Rhythmic intelligence includes receptiveness to pitch, timbre,
and rhythm and sensitivity to music. It also includes such abilities as the cognizance of tonal
patterns and rhythm, awareness of sounds such as human, animal, environment sounds,
and musical instruments. Armstrong also provides us with some of the capacities that a
person with musical intelligence might exhibit. They are the capacity to perceive,

discriminate, transform, and express musical forms.
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4.1.6 Interpersonal Intelligence
Interpersonal intelligence includes the individual’s capacity to
understand, perceive and discriminate between people moods, feelings, motives, and
intentions. Armstrong provides further marshaling of this concept by his definition that the
ability to perceive and make distinctions in the moods, intentions, motivations, and feelings
of other people. This can include sensitivity to facial expressions, voice, and gestures; the
capacity for discriminating among many different kinds of interpersonal cues, and the ability
to respond effectively to those cues in some pragmatic way.
4.1.7 Intrapersonal Intelligence
Intrapersonal intelligence refers to the capacity to accurately know one’s
self, have the ability to understand one’s internal makeup; and some words that reflect levels
of the intrapersonal intelligence are: originality, discipline, imagination, self-respect,
temperament, inspiration, motivation. Armstrong complements this definition that self-
knowledge and the ability to act adaptively on the basis of that knowledge. This intelligence
includes having an accurate picture of oneself; awareness of inner moods, intentions,
motivations, temperaments, and desires; and the capacity for self-discipline, self-
understanding, and self-esteem.
4.1.8 Naturalistic Intelligence
Naturalistic Intelligence refers to pursuing, comprehending and
marshaling patterns in the natural surroundings. An example might be someone who seeks
patterns in the world, seeing order instead of chaos, and who shows proficiency in the
recognition and classification of plants and animals.
4.2 Multiple Intelligences and Education
Kagan and Kagan described MI theory as a powerful ‘catalyst’ in education: “It
is revitalizing the search for more authentic, student-centered approaches to curriculum,
instruction and assessment.” From his perspective, M| theory can be used to meet three
visions (Kagan; & Kagan. 1998: 23):
(a) To match teaching to the ways students learn
(b) To encourage students to stretch their abilities and develop all their
intelligences as fully as possible

(c) To honor and celebrate diversity.



48

According to this perspective, multiple intelligences fit comfortably with an open
approach to education. Teachers are planning projects, lessons, assessments,
apprenticeships, and interdisciplinary curriculums around the theory, and the adaptations
exhibit infinite variety (Campbell. 1997:14). In the MI classroom, the teacher continually
shifts her method of presentation from linguistic to spatial to musical and so on, often
combining intelligences in creative ways. Moreover, the learner is the most important focus
of the educational system (Guild. 1997:30). Gardner said that if we recognize multiple
intelligences, we can reach more students and give those students the opportunity to
demonstrate what they have understood.

4.3 Multiple Intelligences Assessments

Gardner has pointed out that we can best assess students’ multiple
intelligences by observing students manipulating the symbol systems of each intelligences
(Armstrong. 2000: 88-89). Furthermore there are many strategies to assess students’
multiple intelligence such as videotapes, student journals, informal test and student
interviews.

In this study, the researcher decided to adapt the Teele Inventory Assessment
(TIMI), developed by Dr. Sue Teele and Multiple Intelligences Questionnaire, developed by
Armstrong to measure students’ multiple intelligences. Multiple Intelligences Assessment
that developed by the researcher involves looking at 40 panda pictures and statements that
explain those pictures. Each picture and statement response with five-point Likert Scale that
is scored by assigning point values to indicate how well the picture and statement describe
student. The pictures and statements that assess students’ multiple intelligences in this
instrument are consisted of eight intelligences: linguistic intelligence, logical-mathematical
intelligence, spatial intelligence, musical intelligence, bodily-kinesthetic intelligence,
intrapersonal intelligence, interpersonal intelligence and naturalistic intelligence. The
dominant intelligences are indicated by the highest scores. This test was used to identify
the students’ intelligence types at the beginning and at the end of treatment, and to see

whether there were any differences between the intelligence types.
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4.4 Research on Multiple Intelligences

Multiple intelligence theory has become a valuable aid for educators. The
theory is not truly child-centered, but educational adaptations of it lead to child-centered
practices. Thus, the focus is on the child, rather than the intelligence measure (Marsland. p.
45). Ml theory suggests that no one set of teaching strategies will work best for all students
at all times. All children have different proclivities in the eight intelligences. So, there are
many teaching strategies to promote multiple intelligences (Armstrong. 2000: 51). For
instance, several PBL practitioners have stated that PBL, because of its various features, is
a more effective means of adapting to students' various learning styles or "multiple
intelligences" than is the traditional instructional model (Diehl et al. 1999). Moreover
cooperative learning is important environment learning to acknowledge students’ multiple
intelligence (Sanders et al. 1999).

According to Hathairat Suadsong (2007: abstract) conducted a study of young
children’s multiple intelligences through psycho-intellectual activities. The subjects were 15
second-year-kindergarten-students aging 5 to 6 years old at Phratamnak Suankularb
Mahamongkol School. They were selected using cluster sampling and sample ransom
sampling techniques. The experiment was carried out for 8 weeks, 24 times 3 days a week,
60 minutes per day. The results of this study revealed that children who were enhanced with
Psycho-Intellectual Activity teaching and learning possessed higher multiple intelligences at
the statistical significance at .05 in some parts of the comparison in every aspect of
capabilities: Linguistic Intelligence, Logical-Mathematical Intelligence, Spatial Intelligence,
Bodily -Kinesthetic Intelligence, Musical Intelligence, Interpersonal Intelligence,
Intrapersonal Intelligence and Naturalist Intelligence and that multiple intelligences were
changed at a high level in every aspect all along the arranged activity.

Nuntipit Pongdech (2006: abstract) studied science achievement and spatial
intelligence of Mathayomsuksa Il students by multiple intelligences. The subjects were 30
Mathayomsuksa Il students of Rajvinit Bangkaew School. The finding indicated that the
students taught by multiple intelligences have increased both their previous achievement in
science and their spatial intelligence level. These increases were significant gains over the

previous method at the .01 level.
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Virinda Phongtratic (2004: abstract) studied multiple intelligences of preschool
children engaged in outdoor traditional Thai plays. One group pretest-posttest design was
used in this study. The experiment was carried out for 8 weeks, 5 days per week, 30 minutes
per day. The result showed that the multiple intelligences of preschool children before and
after engaging in outdoor traditional Thai plays were significant difference at .01 level.

Pimpun Thongprasit (2005: abstract) studied multiple intelligence abilities of
young children by enhancing science process activities. The subjects of this study were
second year kindergarten children who were selected using purposive sampling technique.
The experiment was carried out for 8 weeks, 4 days per week, 60 minutes per day. The
result of this study revealed that during the treatment phases the multiple abilities of young
children enhancing science process activities were increased significantly at .05 level in all
aspects.

Kannaphat  Nithitwaraphakun (2007: abstract) studied a comparison of
mathayom suksa Il students’ multiple intelligences abilities through instruction based on
concentrated language encounter approach (model Il) and traditional approach. The
randomized control group pretest-posttest design was used in this study. The experiment of
each group took twenty 50-minutes teaching periods. The finding of this study indicated
that multiple intelligence abilities of the experimental group were significantly different than
those of the control group at the .05 level in all aspects. The multiple intelligence abilities of
the experimental and control groups, between the pretest and the posttest, were
significantly different at the .05 level in all aspects.

Santisak Phaphai (2003: abstract) studied young children’s multiple abilities
obtained through activities applying the multiple intelligences model for learning. The
findings of this study revealed that during the treatment phases the multiple abilities of
young children obtained through activities applying the multiple intelligences model for
learning were increased significantly at .05 level in all aspects.

Chanidda Tonphaiboon (2002: abstract) studied the effects of some intellectual
abilities based on multiple intelligences of prathom suksa V in mathematics through
Wannee’s teaching model. Pretest-posttest control group design was used in this study.

The experiment took 60 periods each of which lasted 20 minutes. Findings of the study
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showed that the linguistic intelligence and spatial intelligence of the experimental group and
control group were not significantly different. The logical-mathematical intelligence of the
experimental group and control group was significantly different at .05 level.

In this study, the researcher promoted multiple intelligences of students by
using science learning activities based on 4MAT system. These intelligences were

measured by the Multiple Intelligences Assessment.

5. Learning Outcome
Learning outcome in this study consists of achievement, science process skill and
attitude toward science of students in which corresponds with a vision for science learning,
provided by the Institute for the Promotion of Teaching Science and Technology (IPST). It
states that learning of science should be a developmental process so that the learner
acquires proper knowledge, process and attitude (IPST. 2001: online). Thus, activities in
learning of science are regarded as one of the necessary elements to promote
achievement, science process skills and attitude toward science of students.
5.1 Achievement

Bloom's Taxonomy (Bloom et al. 1956) provided educators with one of the first
systematic classifications of cognitive operations. The taxonomy divided the cognitive
domain into six hierarchical levels, ranging from the least to the most complex. Bloom’s
Taxonomy is one of the most widely accepted models of cognitive abilities and educational
objectives used in education, and even its severest critics agree that the model has
enormous influence and is an important step toward understanding the structure of learning
outcomes (Kottke & Schuster, 1990). Levels of Bloom’s Taxonomy are as follows:

1) Knowledge: recognition and recall of fact and specifics.

2) Comprehension: interpretation, translation, summarization, or paraphrasing of
given information. Knowledge is required in order to demonstrate comprehension.

3) Application: usage of information in a situation different from the original
learning context. Application requires comprehension of information in order to apply in new

situations.
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4) Analysis: separation of a whole into its parts until relationship among
elements is clear. Analysis requires an ability to apply in formation.

5) Synthesis: combination of elements to form new entity from original one.
Synthesis requires analysis.

6) Evaluation: involves decision-making, judging, or selecting based on criteria
and rationale. Evaluation requires synthesis.

In 2001, Anderson and Krathwohl tried to change categories of Bloom’s
Taxonomy but the original number of categories, six, was retained. Three categories were
renamed, and the order of two was interchanged. Those category names retained were
changed to verb form to fit the way they are used in objectives. Categories of the revised
Taxonomy are as follows (Krathwohl. 2002: 214-215):

1) Remember: Retrieving relevant knowledge from long-term memory.

2) Understand: Determining the meaning of instructional messages, including
oral, written and graphic communication.

3) Apply: Carrying out or using a procedure in a give situation.

4) Analyze: Breaking material into its constituent parts and detecting how the
parts relate to one another and to an overall structure or purpose.

5) Evaluate: Making judgments based on criteria and standards.

6) Create: Putting elements together to form a novel, coherent whole or make
an original product.

5.2 Scientific Process Skills

Processes of science are mental and physical skills for collecting information,
organizing it in various ways, and using it to explain phenomena and solve problems. These
skills are listed and described below:

Basic science process skills (Wideen. 1975:82).

1) Observing: using the senses to gather information about an object or event.

2) Classifying: grouping or ordering object or events into categories based on
properties or criteria.

3) Measuring: using both standard and nonstandard measures and estimates to

describe the dimensions of an object or event.
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4) Inferring: making an “educated guess” about an object or event based on
previously gathered data or information.

5) Predicting: stating the outcome of a future event based on a pattern of
evidence.

6) Communication: using words or graphic symbols to describe an action,
object, or event.

7) Using number relationships: applying numbers and their mathematical
relationships to make decisions.

Integrated science process skills (AAAS. 2006: online).

1) Making models: constructing mental, verbal, or physical representations of
ideas, objects, or event to clarify explanations or demonstrate relationships.

2) Defining operationally: creating a definition by describing what is done and
observed.

3) Collecting data: gathering and recoding information about observations and
measurements in a systematic way.

4) Interpreting data: organizing, analyzing, and synthesizing data using tables,
graphs, and diagrams to locate patterns that lead to the construction of inferences,
predictions, or hypotheses.

6) Identifying and controlling variables: manipulating one factor to investigate
the outcome of an event while other factors are held constant.

7) Formulating hypotheses: making educated guesses based on evidence that
can be tested through experimentation.

8) Experimenting: designing one’s own experiment to test a hypothesis using
procedures to obtain reliable data.

5.3 Attitudes toward Science

Attitude toward science or feelings toward science refers to a person’s positive
or negative response to the enterprise of science. It also refers to whether a person likes or
dislikes science. Simpson and Oliver designed a seven-item subscale to measure students’
attitude toward science as follows (Simpson; & Oliver. 1985: 512):

1. Science is fun.
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. | really like science.

. | enjoy science courses.

2

3

4. | would enjoy being a scientist.
5. | think scientists are neat people.
6

. | have good feelings toward science.

~

. Everyone should learn about science.
5.4 Research on Learning Outcome about science

There are many studies on learning outcome about science. For example,
Freedman (1997: 343-357) studied the relationship among laboratory instruction, attitude,
achievement in science knowledge. The findings showed that students who had regular
laboratory instruction (a) scored significantly higher (p < .01) on the objective examination of
achievement in science knowledge than those who had no laboratory experiences; (b)
exhibited a moderate, positive correlation (r = .406) between their attitude toward science
and their achievement; and (c) scored significantly higher (p < .01) on achievement in
science knowledge after these scores were adjusted on the attitude toward science
covariable. It was concluded that laboratory instruction influenced, in a positive direction,
the students' attitude toward science, and influenced their achievement in science
knowledge.

Johnson; Kahle; & Fargo (2006: 371-383) studied the effective teaching results
in increased science achievement for all students. Effective teaching was identified through
a series of classroom observation using the Local Systemic Change Classroom Observation
Protocol. The result found that effective teaching increases student achievement and closes
achievement gaps of all students. Findings from this study also provided evidence that
effective teaching each year may be the key to eliminating achievement gaps in science.

Lawrenz; & Cohen (1985: 105-113) investigated the effect of methods classes
and practice teaching on student attitudes toward science and knowledge of science
processes. This study indicated that participation by either elementary or secondary
education students in a methods course resulted in more positive attitudes toward science.
However, the secondary education students’ attitudes toward science were significantly

lower after practice teaching while those of the elementary education students exhibited no
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change. In addition, both groups of students had slightly higher than average knowledge of
science processes, and except for the secondary students’ scores after practice teaching.

Niya Wichaidit (1995: abstract) investigated a comparative study in basic
science skill of Prothomsuksa V students through the workbooks of supplementary activities
promoting science process skills and the conventional plan. The subject consisted of 60
students of Prathomsuksa V at Watpa Lalai School during the first semester. They were
selected by using cluster sampling into two groups as the experimental and the control
group. The research design was the randomized control group pretest-posttest design.
The finding found that the basic science process skills of the experimental group and the
control group were significantly different at .01 level.

Kittichai Suthasinobol (1998: abstract) studied the effects of using teacher's
questioning techniques on science achievement, science process skills and group
behaviors of Prathomsuksa V students. The subjects were 72 students in Prathomsuksa V of
Sawatdeewittaya School during the first semester. They were selected by using cluster
sampling into two groups: the experimental and the control groups. The research design
was the randomized control group pretest-posttest design. The results of this study
indicated that after the experiment the science achievement mean and the science process
skills mean of the experimental group were significantly higher than that of the control group
in the whole but measuring and inferring skills were not significantly different. The
experimental group also had higher desirable working group behaviors than non-desirable
working group behaviors.

Jirapun Thsanasri (2005: abstract) studied a comparison between the third
level students’ achievement and attitude toward science through Cippa model and inquiry
process. The samples were 94 students in ninth grade at Srinakharinwirot University
Demonstration School during the second semester. They were selected by using cluster
random sampling. The experimental group was taught through the Cippa model where the
control group was taught through the inquiry process. Randomized Control Group Pretest-
Posttest Design was used in the study. The results indicated that the achievement and

attitudes toward science between the experimental group and the control group were not
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significantly different. However, the posttest of the achievement and attitudes toward
science of the experimental and control groups were higher than pretest at .01 level.

In this study, researcher studied achievement, science process skill, and
attitude toward science of students by using achievement test, the Science Process
Assessment, and the Attitudes toward Science Measures after they learned through science

learning activities based on 4MAT System.

6. Creative Thinking
6.1 Definition of Creative Thinking

There are many definitions of creativity. Some definitions focus on
characteristics of individuals whose work is determined to be creative (what is a creative
person like?), whereas others consider the work itself (what makes this creative?).

Torrance (1958) defined creative thinking as the process of sensing difficulties,
problems, gaps in information, missing elements, something askew; making guesses and
hypotheses about the solution of these deficiencies; evaluating and testing these
hypotheses; possibly revising and restating them; and finally communicating the result
(Torrance. 1958: online).

Guilford (1950, 1967, 1968) described that creative thinking is divergent
thinking. It refers to thinking that goes off in different directions. Divergent thinking consists
of originality, Fluency, Flexibility and Elaboration (Russ. 1993: 4-5).

Vernon (1989) defined creativity as a person’s capacity to produce new or
original ideas, insights, restructuring, inventions, or artistic objects, which are accepted by
experts as being of scientific, aesthetic, social, or technological value (Russ. 1993:2).

Fromm (1963) described that creativity is the ability to see or to be aware and to
respond (Aree Panmanee. 1994:8).

The National Advisory Committee on Creative and Cultural Education (1999)
described creativity as imaginative activity fashioned so as to produce outcomes that are

both original and of value (Craft. 2000: 3).
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Based on the definitions aforementioned, it could be concluded that creative
thinking is divergent thinking that leads to creating something new or original. It involves the
skills of flexibility, fluency, original, and elaboration.

6.2 Creative Process

The first well-known attempt to conceptualize the creative process was by
Wallas in 1926. Although Wallas did not identify specific processes, he did articulate
different stages that reflect different processes. His four-stage model has helped order our
thinking about the creative process. His four-stage model consists of (Russ: 1993: 3):

1. Preparation Stage - information gathering, mastering the knowledge base,
identifying the problem. It is in this stage where the basic techniques and knowledge base
of a particular domain are mastered. It is probably in this stage that basic intellectual
processes are important in determining the rapidity of learning and the complexity of issue
that are tackled.

2. Incubation Stage - ideas incubate without the individual directly, logically
working on the problem. It is in this stage that processes unique to the creative process are
so important. It is also in this stage that Wallas and other introduced the concept of the
unconscious. Problems are not consciously worked on, but much restructuring and free
associating occurs outside of conscious awareness. Thoughts are permitted to roam in a
free-ranging manner. It is here that affective processes may play an especially important
role.

3. lllumination Stage - the solution to the problem occurs or is recognized. This
stage is referred to as the “aha” experience. In reality, reaching a solution is probably a
gradual process in most instances. The sudden illumination occurrence is probably the
least frequent manner by which a solution occurs.

4. Verification Stage — the solution must now be evaluated. Critical thinking and
logical thinking must be dominant in this stage.

Osborn (1953) embraced a similar theory of balance between analysis and
imagination in his seven-step model for creative thinking (Plsek. 1996: online).

1. Orientation — pointing up the problem.

2. Preparation — gathering pertinent data.
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Analysis — breaking down the relevant material.
Ideation — pilling up alternatives by way of ideas.
Incubation — letting up, to invite illumination.

Synthesis — putting the pieces together.

N g bk~ »w

Evaluation — judging the resulting ideas.

The creative process involves purposeful analysis, imaginative idea generation,

and critical evaluation. The total creative process is a balance of imagination and analysis.
6.3 Elements of Creativity

Torrance spent a lifetime working with creativity. He developed a set of tasks
(1996) to identify creative individuals. Earlier he addressed the idea of measuring
inventiveness as one important aspect of creativity. His tasks were based on the
characteristics he thought comprised creative behavior: originality, flexibility, fluency and
elaboration (O'Tuel; & Bullard. 1993: 72-73).

6.3.1 Originality refers to the unusualness of response or production. You have
to ask, is the behavior or product unusual and unlikely for this individual at this age in this
circumstance? This allows you to recognize rare productions on the part of very young
children by putting originality in perspective.

6.3.2 Flexibility is the ability to change directions, accept new and sometimes
conflicting view or information, and generate multiple directions and purser any or all of
them. Flexibility is not only a mental approach, but a personality reflection. Some
individuals are much more rigid in their thinking than others. They experience difficulty in
handling ambiguous information or conflicting ideas. They may have trouble taking risks.
This lack of flexibility will reduce the potential for creative thought.

6.3.3 Fluency refers to a multiplicity of ideas or thoughts. Some individuals
seem to generate streams of ideas, solutions, topics, or whatever. When you have students
engage in brainstorming, you become aware that some students have many ideas where
others have few. This fluency can be developed and enhanced, but probably not created.
The students will generate more solutions when they have more information at their

fingertips and are in a nonthreatening, encouraging atmosphere.
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6.3.4 Elaboration, addressed by Torrance in 1966, is a person’s ability to take a
topic or idea and expand, extend, rotate, reorganize, and develop it. In creating and
inventing, you can see that all of these attributes would be conducive to the development of
something new and different.

6.4 Theory of Creativity

Theory that is the idea to study about creative thinking is structure of the
intellect model which was developed by Guilford in 1959. Guilford’s Structure of the Intellect
(SOI) model is a complex model of intelligence including, in its most recent form, 180
components. The components are formed through combinations of types of content,
operation, and product. They are showed in FIGURE 6. Each type of content can be
matched with each operation or product to form a separate cell of the cube associated with
a particular intellectual ability. For example, intellectual abilities include the cognition of

semantic relationships and the transformation of figural unit. (Starko. 2001: 48-49).

CONTENT
—— VISUAL
~—— AUDITORY
SYMBOLIC
SEMANTIC
l-— BEHAVIORAL
PRODUCTS
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] é-\g - SYSTEMS
2
] i i —— TRANSFORMATIONS
o g IMPLICATIONS
OPERATIONS
L EVALUATION
¥ L — CONVERGENT PRODUGTION
L DIVERGENT PRODUCTION
L—— MEMORY RETENTION
L MEMORY RECORDING

L— COGNITION

FIGURE 6 THE REVISED STRUCTURE OF INTELLECT MODEL
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Source: Guilford, J.P. (1988). Some Changes in the Structure-of-the-Intellect
Model. p.3. (citing Starko, Alane J. (2001). Creativity in the Classroom: Schools of Curious
Delight. p.48.)

6.4.1 Content Dimension - It includes the broad areas of information in which
operations are applied. It is divided into four categories:
6.4.1.1 Figural - the properties of stimuli we can experience through the
senses (e.g. color, loudness, shape, texture).
6.4.1.2 Symbolic - numbers, letters, symbols, designs.
6.4.1.3 Semantic - the meaning of words, ideas.
6.4.1.4 Behavioral - the actions and expressions of people.
6.4.2 Operations Dimension - This is made up of five kinds of operations or
general intellectual processes:
6.4.2.1 Cognition - recognizing and discovering.
6.4.2.2 Memory - retaining and recalling the contents of thought.
6.4.2.3 Divergent production - producing a variety of ideas or solutions to a
problem.
6.4.2.4 Convergent production - producing a single best solution to a
problem.
6.4.2.5 Evaluation - deciding whether the intellectual contents are positive or
negative, good or bad, etc.
6.4.3 Products Dimension - this dimension contains results of applying
particular operations to specific contents. There are six kinds of products, they are:
6.4.3.1 Units - a single number, letter or word.
6.4.3.2 Classes - a higher order concept (e.g. men + women = people)
6.4.3.3 Relations - a connection between concepts.
6.4.3.4 Systems - an ordering or classification of relations.
6.4.3.5 Transformation - altering or restructuring intellectual contents.

6.4.3.6 Implication - making inferences from separate pieces of information.
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6.5 Teaching Creative Thinking Skills

There are many techniques designed to assist individuals in generating original
ideas, sometimes called tools for creative thinking. Some techniques have been used in
schools in an effort to help students become more creative. There is evidence that many of
the strategies described can be effective in assisting both children and adults in producing
novel, appropriate ideas.

Williams (1971) studied about teaching creative thinking and he suggested
Williams cognitive affective interaction (CAl) Cube Model as the well-known model. It is
three dimensional and shows how teaching strategies in many subjects can be used to
bring out four cognitive and four affective behaviors in the students. They are showed in
FIGURE 7. The three dimensions consist of (Aree Panmanee. 1994:128-146):

Dimension One is the subject areas or content such as art, music, science,
social studies, arithmetic and language.

Dimension Two is teacher behaviors. Teachers can teach content in curriculum
by using teaching strategies or activities which enhance creative thinking in students.

Dimension Three is the kinds of pupil behaviors. The pupil behaviors can be
divided into the intellectual and the affective.

1. The intellectual behaviors are fluency (generating a large number of
ideas), flexibility (being able to change categories), originality (the ability to come up with a
unigue idea or thought), and elaboration (the ability to take one idea and embellish it).
2. The affective behaviors are curiosity, courage to take a chance,

complexity or willingness to challenge an idea or statement, and imagination or intuition.
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In conclusion, creativity is the ability to imagine or invent something new that may
be generated by combining, changing, or reapplying existing ideas. Everyone has
substantial creative ability as witnessed by how creative children are. Creativity is also an
attitude: the ability to accept change and newness.

6.6 Research on Creative Thinking

There are many research studies on how to develop creative thinking of
students. For example, McCormack (1971: 301-307) studied the effect of selected teaching
methods on creative thinking, self-evaluation, and achievement of students enrolled in an
elementary science education methods course. This study found that students learning by
using take home written exercises, brainstorming, inquiry exercises, and morphological
analysis could enhance their scores for fluency, flexibility, and originality and achievement
of affective objectives.

Claitt, Shaw and Sherwood (1980: 1061-1064) studied the effect of training on
the divergent thinking abilities of kindergarten children. This study found that students
studying in divergent thinking situations could increase their verbal creative thinking.

Zachopoulou, Trevlas and Konstadinidou (2006: 279-294) studied the design
and implementation of a physical education program to promote children’s creativity in the
early years. They found that students through the use of movement elements, motor skills
and movement exploration could improve their creative fluency and imagination and useful
information. Results of the study indicated that both elementary and kindergarten students
could improve their creative thinking score when exposed to appropriate situations or
teaching approaches.

Chaiporn Pongsisanrat (2001: abstract) studied a comparison between the
effects of brainstorming techniques and synectics techniques on creative thinking of
mathayom suksa | students of Borvorniwet school in Bangkok. This study found that the
creative thinking of students exposed to the brainstorming techniques program and the
synectics techniques program significantly increased at .01 level. There was no significant
difference in creative thinking between the students exposed to the brainstorming

techniques program and those exposed to the synectics techniques program.
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Bungon Pramlerk (2001: abstract) studied a comparison of the effects of CIPPA
model and six thinking hats training on creativity of prathom suksa V students of Srabua
school under Bangkok metropolitan. The finding of this study indicated that the creativity of
the life experience area of prathom suksa V students exposed to CIPPA model and Six
Thinking Hats significantly increased at .01 level. There was no significant difference in
creativity of the life experiences area of prathom suksa V of both groups.

Namfon Prajinburawon (2003: abstract) studied a development of creative
thinking skills of prathom suksa IV students of Wat Don Wai school in Changwat
Nakhonprathom by using creative thinking skills exercises. The results of this study showed
that the creative thinking skills of the student exposed to the creative thinking skills
exercises program significantly increased at .01 level.

In this study, the researcher developed science learning activities based on
4MAT system to study creative thinking of students. The creative thinking of students was
measured by the Evaluation Form of Creative thinking from tasks of students.

In light of the related literature, teaching based on 4MAT System could be an
effective instructional model to help students achieve a higher degree of conceptual
understanding, attitude toward science, science process skills and higher order thinking.
Moreover, students could be engaged in their multiple intelligences through the lesson
designed by using 4MAT System where some activities enhanced the right side of the brain
and some activities enhanced the left side. The students could work in small group, or at
times work alone, and used their intelligences to work at their own pace and create, build,
evaluate, and extend their learning. For these reasons, the researcher was interested in
developing the science learning activities based on 4MAT System to promote multiple
intelligences and to enhance creative thinking and learning outcomes which consisted of
achievement, science process skills, and attitudes toward science of students and also
study the scores of multiple intelligences, learning outcomes and creative thinking of

students who have different learning styles.



CHAPTER 3
METHODOLOGY

In this research, the science learning activities that influence multiple
intelligences, learning outcome and creative thinking of primary school students were
developed. This chapter described the methods used in this study that consisted of the
research procedures and how research instruments for this study were adapted and
developed. It also showed the methods for the data collection and data analysis. They
were discussed under the following headings:

Phased One: Science Learning Activities Design

1.1 Studying basic data about the 4MAT System and multiple intelligences for
preparation of science learning activities

1.2 Developing a draft of science learning activities based on the 4MAT System

1.3 Consulting with experts to examine and verify the draft of science learning
activities based on the 4MAT System

1.4 Pilot studying the draft of science learning activities based on the 4MAT System

1.5 Collecting and evaluating of the pilot study data

1.6 Revising the draft of science learning activities based on the 4MAT System

Phase Two: Science Learning Activities Implementation

2.1 Research Design

2.2 The participants

2.3 Instrument for data collection

2.4 Data Collection

Phase Three: Science Learning Activities Evaluation

3.1 Data analysis
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Phase One: Science Learning Activities Design
During phase one, the science learning activities based on the 4MAT System were
developed. FIGURE 8 showed the diagram for the development of science learning

activities designing. The details for science learning activities designing were summarized

as follows:
Studying basic data about the 4MAT System and multiple
intelligences for preparation of science learning activities
Developing a draft of science learning activities based on
the 4AMAT System
Consulting with experts to examine and verify the draft of science
—>

learning activities based on the 4MAT System

l

Pilot studying the draft of science learning activities based on the

4MAT System

l

Collecting and evaluating of the pilot study data

v

Revising the draft of science learning activities based on

the 4MAT System

FIGURE 8 DIAGRAM FOR THE DEVELOPMENT OF SCIENCE LEARNING ACTIVIES
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1.1 Studying basic data about the 4MAT System and multiple intelligences for
preparation of science learning activities
This step involved studying and considering related documents for developing
science learning activities for elementary students. Related documents included the 4MAT
System, multiple intelligences, learning outcome, and assessment strategies.
1.2 Developing a draft of science learning activities based on the 4MAT System
The researcher set drafts of goals, learning outline, and intended learning
outcome. Then the researcher selected and organized content that was based on the Basic
Education Curriculum A.D.2008. The content in this study was in the subject of science,
Substance 3: Properties of Matter, standard 3.1 and 3.2 for sixth grade students.
Framework of content in this study consisted of 5 units as shown in TABLE 1. After that the
researcher selected teaching strategy to use in the study. It was the 4MAT System which
students would conduct their intelligences to construct their own knowledge. Next the
researcher designed and wrote the drafts of lesson plans that were based on the 4MAT
System. The researcher also adapted assessment tools. Finally the researcher developed a
teacher’'s guide book and student’s guide book. The components of teacher guide book
consisted of the necessary information on teaching and learning, activities, learning
resources, and assessment. The components of student’'s guide book consisted of

contents, activities, learning resources and work sheet.

TABLE 1 LEARNING UNITS FOR THE SCIENCE LEARNING ACTIVITIES

Learning unit Periods (60 minutes/period)
1. Substances and properties of substances 5
2. Changes of substances 7
3. Separation of materials 2
4. Substances in daily life 10
Total 24
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1.3 Consulting with experts to examine and verify the draft of science learning
activities based on the 4MAT System
The key concept of this step was to comprehend in outlook and comprehend in
instrumentation. In this step, the three experts about the learning activities validity and
reliability were consulted. Content and construct validities have important roles in this step
because they are foundation of making good measurements on achievement. On the other
hand, reliability refers to the stability of instruments over time and in alternative forms.

1.4 Pilot studying the draft of science learning activities based on the 4MAT

System
In this step, the aim was to check the lesson plans for different phases and
familiarize teachers with their strategies. Small scale pilot testing was conducted to explore
students’ experiences while they attended the science learning activities in the classroom.
It was conducted on part of science learning activities with 32 students from Wat Siwaram
School in the second semester of 2009 academic year. In the period of instruction, the
researcher observed the classrooms. After instruction, a teacher and the researcher
discussed classroom events in order to revise the lesson plans, learning resources,
assessment tools and student’s guide books.
1.5 Collecting and evaluating of the pilot study data
The purpose of pilot study evaluation was to see a summative phenomenon that
occurred and to obtain feedback on the activities experience after completion of some
logical plan of instruction. The researcher evaluated it in order to understand whether these
activities had reached the certain purposes.
1.6 Revising the draft of science learning activities based on the 4MAT System
The nature of this step was to provide feedback on changes that might be
needed. Revision of the draft activities occurred after the activities had been adopted and
implemented for the pilot study. The activities revision was also needed to direct some

attention to the elements of the activities that affected their implementation.
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Phase Two: Science Learning Activities Implementation
2.1 Research Design for this study
The design of this study was pretest-posttest control-group design in which the
science learning activities and learning styles served as the independent variable and the
measure of students’ multiple intelligence, learning outcome, creative thinking and teacher’s
and students’ opinion toward science served as dependent variables. In this design, the
experimental group (A) and the control group (B) were selected by cluster sampling. Both
groups consisted of students who had different learning styles and took a pretest and
posttest. Only experimental group received the treatment. Moreover both quantitative and
qualitative methods were used. The use of survey instruments (quantitative) provided the
data to reveal patterns and interview questionnaire (qualitative) data provided the opinions
of using science learning activities. Both quantitative and qualitative methods of the study
were used to explore the following question.

1. Does interaction between the science learning activities and learning style
affect students’ multiple intelligences and learning outcome?

2. Does science learning activities based on 4MAT System affect students’
multiple intelligences, learning outcomes and creative thinking?

3. Does different learning styles of students who learn through science
learning activities based on 4MAT System affect students’ multiple intelligences, learning
outcomes and creative thinking?

4. How are students’ and teachers’ opinions toward science learning activities

based on 4MAT System after they learned through science learning activities?

Experimental group: O, X 0,

Control group: O, ~X 0,

FIGURE 9 PRETEST-POSTEST CONTROL-GROUP DESIGNS
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Where the symbols indicated that:
An experimental group received the treatment (science learning activities
based on 4MAT System) while they were studying in the classroom.
A control group did not receive the treatment while they were studying in the
classroom.

O, is observation (or pretest).

X is the treatment (science learning activities based on 4MAT System) that
was introduced.

~X s the instruction using the traditional method of teaching.

O, is an additional observation (or posttest) after using science learning
activities based on 4MAT System.

This design included a pretest followed by a treatment and a posttest in a
single group. Students’ achievements were measured by the achievement test. Science
process skills were measured by the science process assessment. Attitudes toward
science were measured by the attitude toward science measure. Multiple intelligences
were measured by the multiple intelligences assessment. In addition, students’ creative
thinking was measured by the evaluation form of creative thinking during the study of
experimental group. Moreover, students’ and teacher’s opinions toward science learning
activities in experimental group were interviewed after using science learning activities
based on 4MAT System.

2.2 Participants
The participants consisted of two classrooms of sixth grade students studying
in the first semester of the 2010 academic year. The participants were selected by cluster
sampling from Wat Salud School in the Samut Prakan province. One classroom was control
group with 30 students and the other one was experimental group with 33 students.
Students in both groups were explored learning style by the learning style questionnaire

before they participated in science learning activities.
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2.3 Instrument for data collection
2.3.1 Quantitative Data Collection
2.3.1.1 Multiple Intelligences Assessment

Multiple intelligences assessment was designed to examine the
intelligences of students. This instrument measured eight types of intelligences: linguistic
intelligence, logical mathematical intelligence, spatial intelligence, kinesthetic intelligence,
musical intelligence, interpersonal intelligence, intrapersonal intelligence and natural
intelligence. This instrument was adapted from Teele Inventory for Multiple Intelligences
(TIMI) (Teele. 1997) and Multiple Intelligences Questionnaire (Armstrong. 2007).

This instrument consists of 40 statements and pictures of panda bear of
five-response Likert Scale. The statements and pictures were scored by assigning point
values to each of the intelligence items indicating how well each item describes student.
The meanings of point values are:

5 for statement that describes student exactly

4 for statement that describes student pretty well

3 for statement that somewhat describes student

2 for statement that describes student very little

1 for statement that does not describe student at all

Score was determined by adding the score for the respective items. The
range of score for the entire Multiple Intelligences Assessment is 40-200 (1-5 points x 40
items). The procedures for constructing the Multiple Intelligences Assessment were listed
as follows:

1) Studying Teele Inventory for Multiple Intelligences (TIMI) of Teele and
Multiple Intelligences Questionnaire of Armstrong;

2) Asking for permission to use the Teele Inventory for Multiple
Intelligences;

3) Adapting and translating both instruments in to the Thai language;

4) Examining the multiple intelligences assessment draft by advisors and
validating it by three experts;

5) Revising the multiple intelligences assessment draft by applying



72

comments and suggestions from the advisor and the three experts;

6) Trying out the multiple intelligences assessment with two classrooms
of sixth grade students (56 students) in Wat Bangpleeyainai School to determine internal
consistency reliability of the measure using Cronbach’s alpha (Ql), which was found to be
0.89.

2.3.1.2 Learning Style Questionnaire

Learning Style Questionnaire was developed by Sirinoot Teanrungroj in
2005. The aim of this questionnaire was to classify the learning styles of students that
consisted of four learning styles: convergent learning style, divergent learning style,
assimilative learning style, and accommodative learning style.

This instrument consisted of three parts; Part 1 for General instructions,
Part 2 for Student’s Information, and Part 3 for 12 Questions with four ranking style answers.
The student ranked each answer to each question with 4, 3, 2 or 1. The meanings of the
ranking style answers are:

4 for the answer that is the same as the student’s characteristics

3 for the answer that is most like the student’s characteristics

2 for the answer that is slightly like the student’s characteristics

1 for the answer that does not describe the student’s characteristics

The learning style of students was interpreted using the following
method:

1) The four answers to each question represented the four learning
behaviors of information processing of Kolb’s learning style. They were CE — Concrete
Experience, RO — Reflective Observation, AC — Abstract Conceptualization and AE — Active
Experience. The character a, b, ¢ or d represented the four learning behaviors of each

question as shown in TABLE 2.
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Question and Answer

Learning Behavior

1 2 3 4 5 6 7 8 9 10 11 12
1.Concrete Experience a a C C d a b a a a a a
2.Reflective Observation b d a b a d a b d C b d
3.Abstract Conceptualization ¢ b b d b b d C b d c b
4. Active Experience d c d a C c C d c b d c

2) All four answers to each question were ranked by each student. They
were ranked by comparing each answer with their characteristic of preferred learning style.

3) Total rank scores of learning behavior were summarized into CE-total

score, RO-total score, AC-total score and AE-total score.

4) The co-ordinates (x, y) of learning style quadrant, following Kolb’s
experiential learning style method, were calculated by the following method:
X axis value is calculated by subtracting AE-total score from RO-total score.
Y axis value is calculated by subtracting AC-total score from CE-total score.

5) The co-ordinate (x, y) was the co-ordinate for an individual learning

style quadrant. They were:

Y axis

Accommodative Divergent

Convergent Assimilative

v

X axis
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Quadrant 1: Divergent Learning Style
Quadrant 2: Assimilative Learning Style
Quadrant 3: Convergent Learning Style
Quadrant 4: Accommodative Learning Style (Sirinoot Teanrungroj. 2005:
108-109)
The procedures for constructing the Learning Style Questionnaire were
listed as follows:
1) Asking for permission to use the learning style questionnaire;
2) Adjusting language to address sixth grade students;
3) Examining the learning style questionnaire draft by advisors and
validating it by three experts;
4) Revising the learning style questionnaire draft by applying comments
and suggestions from the advisor and the three experts;
5) Trying out the learning style questionnaire with two classrooms of sixth

grade students (40 students) in Wat Bangpleeyainai School to determine internal

consistency reliability of the measure using Cronbach’s alpha (Q). It was shown in TABLE 3.

TABLE 3 RELIABILITY OF LEARNING STYLE QUESTIONNAIRE WITH OL- CONBRACH

COEFFICIENT
Learning Style Reliability
1. Concrete Experience 0.68
2. Reflective Observation 0.86
3. Abstract Conceptualization 0.59
4. Active Experience 0.79

2.3.1.3Achievement Test
Achievement Test was developed by the researcher. Six categories of
behavior assessed on the achievement test consist of knowledge, comprehension,

application, analysis, synthesis and evaluation. The achievement test consisted of two
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sections: 22 multiple choice test items each of which had four choices with only one correct
answer and four open-ended questions. The procedures for constructing the achievement
test were listed as follows:

1) Analyzing the learning objectives by creating a table of specifications;

2) Writing drafts of the achievement test;

3) Examining the achievement test draft by advisors;

4) Revising the achievement test draft by applying comments and
suggestion from the advisor;

5) Examining and verifying content validity, questioning choices,
correspondence between questions and measured behaviors, and wording by three
experts. Index Objective Congruence (IOC) was considered from a three-point rating sale
assessment form. Items with the IOC index above 0.50 were selected and they were then
revised by applying comments and suggestions from the experts;

6) Trying out the achievement test with one classroom of seventh grade
students (46 students) in Wat Noinoppakun School to test difficulty (p) and item
discrimination (r). The items with the p index between 0.20-0.80 and the r index above 0.20
were selected;

7) Determining internal consistency reliability of the achievement test
using the Kuder-Richardson 20 for section one and the Inter rater reliability between the
researcher and a teacher for section two. They were 0.62 and 0.98, respectively.

2.3.1.4 Science Process Assessment

The Science Process Assessment was used to identify the student
proficiency in the use of science process skills. This instrument measured 13 science
process skills: observing, classifying, inferring, predicting, measuring, communicating,
using spacef/time relations, defining operationally, formulating hypotheses, experimenting,
recognizing variables, interpreting data and formulating models. The instrument is based
on a comprehensive study of process skills conducted by a science curriculum advisory
committee of the Pennsylvania Department of Education (Smith; & Welliver Educational

Service. 1994).
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The instrument comprises 40 multiple-choice test items, accompanied by
a list of appropriate indicators of student behaviors. All behaviors would demonstrate
competency in each particular process skill from the 13 process skills listed. The test items
engaged students in problem solving situations which require them to apply an appropriate
process skill to answer each question.

1) Asking for permission to use the science process assessment for
elementary students;

2) Adapting and translating the science process assessment for
elementary students into the Thai language;

3) Examining the science process assessment by advisors and
validating it by three experts;

4) Revising the science process assessment draft by applying
comments and suggestion from the advisor and the three experts;

5) Trying out the science process assessment with two classrooms of
sixth grade students (77 students) in Poonsin School to determine internal consistency
reliability of the measure using Kuder-Richardson 20, which was found to be 0.73.

2.3.1.5 Attitudes toward Science Measures

Attitudes toward Science Measures were developed by Per Kind, Karen
Jones and ParticK Barmby. It aimed to examine the students’ cognitive and emotional
opinions about six areas of science as follows:

Area 1: Learning science in school — 6 items
Area 2: Self-concept in science — 8 items

Area 3: Practical work in science — 8 items
Area 4: Science outside of school — 6 items
Area 5: Future participation in science — 3 items
Area 6: Importance of science — 5 items

The Attitudes toward Science Measures had 36 items of five-response
Likert Scale. The Attitudes toward Science Measures were scored by assigning point
values to each of the attitude items. Point values were assigned as shown in TABLE 4.

Score was determined by adding the score for the respective items. The range of score for
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the entire Attitudes toward Science Measures was 36-180 (1-5 points x 36 items) (Kind;

Jones; & Barmby. 2007).

TABLE 4 POINT VALUE FOR POSITIVE ITEMS AND FOR NEGATIVE ITEMS

Degree Positive ltems Negative Items
Strongly agree 5 1
Agree 4 2
Neither agree or disagree 3 3
Disagree > 4
Strongly disagree 1 5

The procedures for constructing the attitude toward science measure are
listed as follows:

1) Asking for permission to use the attitude toward science measure;

2) Adapting and translating the attitude toward science measure into the
Thai language;

3) Examining the attitude toward science measure draft by advisors and
validating it by three experts;

4) Revising the attitude toward science measure draft by applying
comments and suggestion from the advisor and the three experts;

5) Trying out the attitude toward science measure with two classrooms of
sixth grade students (77 students) in Poonsin School to determine internal consistency
reliability of the measure using Cronbach’s alpha (1) . It was 0.86.

2.3.1.6 The Evaluation Form of Creative Thinking

The evaluation forms of creative thinking were developed by the
researcher to assess student’s creative thinking in scoring guide format that was adapted
from Arunee Rodjanapaiboon (2003). The students’ creative thinking was evaluated by
using their tasks in four categories: fluency, flexibility, originality, and elaboration. The

evaluation form of creative thinking consisted of seven forms for evaluating students’ tasks:
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mind mapping, tale composing, brochure, small book, slogan, label and project. The score
the students’ creative thinking was set based on the rubric criteria. The meaning of each
score is as follows:

3.21 - 4.00 = Very high level

2.61 - 3.20= High level

2.01 — 2.60= Moderate level

1.41-2.00= Low level

0.0 -1.40 = very low level

The procedures for constructing the evaluation form of creative thinking
are listed as follows:

1) Determining tasks for evaluating the creative thinking;

2) Writing drafts of the evaluation form of creative thinking;

3) Validating the evaluation form of creative thinking draft by the
advisors;

4) Revising the evaluation form of creative thinking draft by applying
comments and suggestions from the advisors;

5) Examining and verifying the evaluation form of creative thinking by
three experts. Then, it was revised by applying comments and suggestions from the
experts.

2.3.2 Qualitative Data Collection
In addition to the evaluation of the science learning activities by using the
qualitative instruments, the qualitative method was conducted to explore student’s opinion
toward science learning activities and teacher’s opinion toward science learning activities.
The qualitative method focused on the essence of the student’'s and teachers’ experience
when they participated in the science learning activities. The qualitative data were obtained
from observation and interview.
2.3.2.1 Observation
To observe the students’ behaviors during the science learning activities,

the researcher gathered field notes by conducting an observation as an observer.
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2.3.1.2 The teachers’ opinions toward science learning activities interview

form

The participating teacher’s opinion toward the science learning activities
was assessed by the teacher’s opinions toward science learning activities interview form.
The teacher’s opinions toward science learning activities interview form consisted of eight
open-ended questions. They were developed by the researcher to interview the
participating teacher after the implementation of the whole science learning activities to
collect data about using the science learning activities, problems and suggestions. The
procedures for teacher’'s opinions toward science learning activities interview form were
listed as follows:

1) Determining elements for interviewing the teacher’s opinions toward
the science learning activities;

2) Writing the questions for teacher’s opinions toward science learning
activities draft;

3) Validating the questions for teacher’s opinions toward science
learning activities draft by the advisor;

4) Revising the questions for teacher’s opinions toward science learning
activities draft by applying comments and suggestions from the advisors;

5) Examining and verifying questioning and wording by the three
experts. Then, it was revised by applying comments and suggestions from the experts.

2.3.1.3 The students’ opinions toward science learning activities interview

form

The participating students’ opinion toward the science learning activities
was assessed by the students’ opinions toward science learning activities interview form. It
consisted of 12 open-ended questions. It was developed by the researcher to interview the
students after the participation in the whole science learning activities to collect data about
using the science learning activities and suggestions. The procedures for constructing the
students’ opinions toward science learning activities interview form were listed as follows:

1) Determining elements for interviewing the students’ opinions toward
the science learning activities;

2) Writing the questions for students’ opinions toward science learning
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activities draft;
3) Validating the questions for students’ opinions toward science learning
activities draft by the advisor;
4) Revising the questions for students’ opinions toward science learning
activities draft by applying comments and suggestions from the advisors;
5) Examining and verifying questioning and wording by the three
experts. Then, it was revised by applying comments and suggestions from the experts.
2.4 Data Collection
Data were collected from two major sources: participating teacher and
students. The sources of data from each group were as follows:
2.4.1 Students: Data on students was gathered during the science learning
activities phase. These data were obtained from various kinds of research instruments at

different times as shown in TABLE 5.

TABLE 5 RESEARCH TOOLS AND DATA COLLECTION PERIODS

Before | During | After
Tools Subjects
The Instruction
1. Achievement test v v’ | All participating students
2. Multiple Intelligences All participating students
v v
Assessment
3. Science Process Assessment v v All participating students
4. The Attitude toward Science All participating students
v v
Assessment
5. The Evaluation Form of v Participating students in
Creative Thinking experimental group
6. The students’ opinions toward Participating students in
science learning activities v experimental group
interview form
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2.4.2 Participating Teachers: Data were collected from the following:
1) Observations of teacher behaviors during their participation;
2) Formal interviews by using the teachers’ opinions toward science learning
activities interview form;

3) Participating teachers’ and the researcher’s notes.

3. Phase Three: Science Learning Activities Evaluation
3.1 Data Analysis
3.1.1 Quantitative Data Analysis

Upon completion of all instruments; the multiple intelligences assessment,
the achievement test, the science process assessment, the attitude toward science
measure, the evaluation forms of creative thinking, and the collected quantitative data were
analyzed using the following procedure:

1. Basic statistics such as mean, percentage, standard deviation, and
variance were calculated for score of multiple intelligences, learning outcomes and creative
thinking.

2. Statistics for hypotheses testing

2.1 Assessing interaction between the science learning activities and
learning style of student on students’ multiple intelligences and learning outcomes by using
Multivariate analysis of variance (MANOVA) for testing hypothesis 1.

2.2 Analyzing difference of mean scores’ multiple intelligence and
learning outcomes after students learn through science learning activities based on 4MAT
System and traditional method of teaching by using MANOVA for testing hypothesis 2.

2.3 Analyzing mean scores’ creative thinking as students learn through
science learning activities based on 4MAT System for testing hypothesis 3.

2.4 Analyzing difference of mean scores’ multiple intelligence, learning
outcome and creative thinking of students who had different learning style after they learn
through science learning activities based on 4MAT System by using MANOVA for testing

hypothesis 4.
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3.1.2 Qualitative Data Analysis

Upon completion of teacher and students interviewing, the collected
qualitative data were analyzed using the following procedures:

1. Students’ opinions toward science learning activities based on 4MAT
System were analyzed by using analytic induction to explain how students’ opinions toward
science learning activities were after they learned through science learning activities based
on 4MAT System and to test hypothesis 5.

2. Teacher's opinions toward science learning activities based on 4MAT
System were analyzed by using analytic induction to explain how teacher’s opinions toward
science learning activities based on 4MAT System were after they taught by using science

learning activities based on 4MAT System to test hypothesis 6.



CHAPTER 4
RESULTS OF THE STUDY

This chapter presented the findings of the study. The findings are presented in the
following order: 1) phase one: science learning activities design; 2) phase two: science

learning activities implementation and 3) phase three: science learning activities evaluation.

1. Phase one: Science Learning Activities Design
1.1 Studying Basic Data

The researcher studied and analyzed related documents regarding science
learning activities development, 4MAT System, learning styles of student, multiple
intelligences, Thai National Education Standard, Science Education Standard, science
instruction strategies and evaluation of science instruction. The information gained was
used to design a draft of the science learning activities.

The researcher gathered data on scientific content. The data were collected
through analysis of text book, journals and the Internet. The collected data were to be used
as a guide book for teacher and activity books for students.

1.2 Developing drafts of the Science Learning Activities
1.2.1 Goals and Learning Standards of the Science Learning Activities

After due consideration of the background and rationale of the study and
related literature, the goals of the science learning activities were purposed. The goals
correspond with issues and current science education. Moreover, these goals align with the
goals of Thailand’s National Education Act of B.E. 2542 (A.D.1999) and amendments
(Second National Education Act of B.E. 2545 (A.D. 2002)) and the Basic Education
Curriculum B.E. 2551 (A.D. 2008). The goals of the science learning activities are as
follows:

1. To provide the student with knowledge and understanding about basic
principles and theories covering matter and properties of matter in three states, change of
matter, separation of matter and substance in daily life

2. To promote the development of multiple intelligences within the student
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3. To promote the development of science process skills within the student

4. To promote the development of attitudes toward science within the
student

5. To promote the development of creative thinking within the student

6. To enable the student to apply appropriately their knowledge and
understanding about substances and properties of substances in three states, change of
substances, separation of materials and substances in daily life in everyday life.

These goals were focused for development of the science learning
activities. 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 are proper for sixth grade students were used to determine expected
learning outcomes for development of the science learning activities. Following are the
learning standards purposed in the science learning activities:

1. The student should be able to analyze the composition of substance and
compare the similarities and differences of the materials by using elements and properties.

2. The student should be able to analyze and describe the properties in
solids, liquids and gases and categorize substances into groups by using state or other
criteria.

3. The student should be able to explain the properties of substances when
they change their states, dissolve and transit to new substances.

4. The student should be able to identify the indicators of substance
transformation: dissolving, changing the states, and transiting to new substances.

5. The student should be able to describe the separation of materials
through sifting, filtering, precipitation, evaporation or sublimation.

6. The student should be able to explain and categorize various
substances used in daily life by using their properties and utilization for useful purposes as

criteria.
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7. The student should be able to do, report and conclude experiments
about state of substances, change of sates, dissolving, transiting substances to new
substances, separation of material and properties of substances in daily life.

8. The student should be able to analyze and propose the methods that
protect living things and environments from changing of states, dissolving and transiting
substances to new substances.

9. The student should be able to search, describe and use substances in
daily life basis correctly and safely.

There were four main topics drawn from the above learning standards for
developing the science learning activities. The topics covered substances and properties
of substances in three states, change of substances, separation of materials and
substances in daily life. These topics were analyzed into sub-topics in order to organize
activities in the entire science learning activities that promote multiple intelligences of
student. A framework of topics, activities, multiple intelligences and periods in each lesson

plan was shown in TABLE 6.



TABLE 6 A FRAMEWORK OF TOPICS, ACTIVITIES, MULTIPLE INTELLIGENCES, AND PERIODS IN EACH LESSON PLAN

Main Topics Sub-topic Activities Multiple intelligences periods
1. Substances and properties 1. Substance 1. Group work 1. Linguistic intelligence 4. Interpersonal intelligence 2
of substances 2. Discussion 2. Spatial intelligences 5. Intrapersonal intelligence
3. Questioning 3. Kinesthetic intelligence
4. Worksheet
2. Properties of substances in 1. Group work 1. Linguistic intelligence 6. Interpersonal intelligence 3
three states: solids, liquids and | 2. Discussion 2. Logical-mathematical 7. Intrapersonal intelligence
gases 3. Questioning intelligence 8. Natural intelligence
4. Role playing 3. Spatial intelligences
5. Storytelling 4. Musical intelligence
6. Game 5. Kinesthetic intelligence
7. Survey
8. Worksheet
2. Changes of substances 1. Change of states 1. Group work 1. Linguistic intelligence 5. Interpersonal intelligence 2
2. Discussion 2. Logical-mathematical 6. Intrapersonal intelligence
3. Questioning intelligence 7. Natural intelligence
4. Demonstration 3. Spatial intelligences
5. Worksheet 4. Kinesthetic intelligence

98



TABLE 6 (continued)

Main Topics Sub-topic Activities Multiple intelligences periods
2. Changes of substances 2. Dissolving 1. Group work 1. Linguistic intelligence 5. Interpersonal intelligence 2
(cont.) 2. Discussion 2. Logical-mathematical 6. Intrapersonal intelligence
3. Questioning intelligence 7. Natural intelligence
4. Game 3. Spatial intelligences
5. Worksheet 4. Kinesthetic intelligence
3. Transition substances to new | 1. Group work 1. Linguistic intelligence 4. Interpersonal intelligence 3
substances 2. Discussion 2. Logical-mathematical 5. Intrapersonal intelligence
3. Questioning intelligence 6. Natural intelligence
4. Game 3. Kinesthetic intelligence
5. Worksheet
3. Separation of materials 1. Methods for separation of 1. Group work 1. Linguistic intelligence 5. Interpersonal intelligence 2
homogeneous and 2. Discussion 2. Logical-mathematical 6. Intrapersonal intelligence
heterogeneous substances 3. Questioning intelligence
4. Game 3. Spatial intelligences
5. Worksheet 4. Kinesthetic intelligence
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TABLE 6 (continued)

2. Discussion
. Questioning

. Game

o o W

. Producing cleaning
agent

7. Worksheet

2. Logical-mathematical 6. Intrapersonal intelligence
intelligence
3. Spatial intelligences

4. Kinesthetic intelligence

Main Topics Sub-topic Activities Multiple intelligences periods
4.Substances in daily life 1. Substances in daily life 1. Group work 1. Linguistic intelligence 5. Interpersonal intelligence 2

2. Discussion 2. Logical-mathematical 6. Intrapersonal intelligence
3. Questioning intelligence
4. Brainstorming 3. Spatial intelligences
5. Worksheet 4. Kinesthetic intelligence

2. Favors and food coloring 1. Group work 1. Linguistic intelligence 6. Interpersonal intelligence 2
2. Discussion 2. Logical-mathematical 7. Intrapersonal intelligence
3. Questioning intelligence 8. Natural intelligence
4. Project 3. Spatial intelligences
5. Game 4. Musical intelligence
6. Sing a song 5. Kinesthetic intelligence
7. Worksheet

3. Cleaning agents 1. Group work 1. Linguistic intelligence 5. Interpersonal intelligence 3
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TABLE 6 (continued)

Main Topics Sub-topic Activities Multiple intelligences periods
4.Substances in daily life 4. Insecticides and pesticides 1. Group work 1. Linguistic intelligence 6. Interpersonal intelligence 3
(cont.) 2. Discussion 2. Logical-mathematical 7. Intrapersonal intelligence

3. Questioning intelligence 8. Natural intelligence

4. Sing a song
5. Worksheet

3. Spatial intelligences
4. Musical intelligence

5. Kinesthetic intelligence

Note: 60 minutes/period

68
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1.2.2 Teaching strategy for the Science Learning Activities

The 4MAT System developed by McCarthy was selected as teaching
strategy. It was composed of eight steps as follows:

1. Connect: Students were engaged in the experience to start to establish a
link between students’ personal meaning and the content of the subject to achieve clear
connection to learner’s life and background. This step laid the right mode aspect. Activities
for this step were discussion, questioning, demonstration, brainstorming, game and sing a
song, etc.

2. Examine: Students started to analyze the new experience to build their
own beliefs. This step laid the left mode aspect. Activities for this step were lecture,
discussion, brainstorming and questioning, etc.

3. Image: Students started to form the picture that clarifies the concept of
the new experience. This step laid the right mode aspect. Activities for this step were
discussion, role playing, questioning, brainstorming, mind mapping, and worksheet, etc.

4. Inform: Students learned concepts and skills that must be known for the
new experience. This step laid the left mode aspect. Activities for this step were
discussion, questioning, lecture and storytelling, etc.

5. Practice: Students worked with concept’s content and practiced the new
skills as the experts had found it. This step laid the left mode aspect. Activities for this step
were experiment, searching information, group work and worksheet, etc.

6. Extend: Students applied to a more complex experience where learners
could add their own innovation. This step laid the right mode aspect. Activities for this step
were presentation, questioning, discussion, brainstorming and mind mapping, etc.

7. Refine: Students began to analyze the application of the concepts to
evaluate that experience and extension for relevance and usefulness. This step laid the left
mode aspect. Activities for this step were questioning, discussion, brainstorming, project,
survey, worksheet, writing story and slogan, game, etc.

8. Perform: Students were able to do it by themselves and to share it with
others may form a new shape to this experience. This step laid the right mode aspect.

Activities for this step were questioning, presentation and sharing, etc.
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1.2.3 Learning Assessments

Open-ended questions for self-assessment were used in this study. During
the study, the student behaviors were assessed by the observer, and observation records
were used as informative assessment. Moreover, students’ works were assessed by rubric
criteria. In addition, seven instruments were used to study the dependent variables.

1.2.4 Developing Activity Plan Draft, Teacher's Guide book and Student’s
Guide book

The main topic was used as guideline to design the science learning
activities documents consisting of ten activity plans, teacher's guide book and student’s
guide book. The activity plans were written by applying sub-topics. The science learning
activities have ten lesson plans lasting 24 periods.

The teacher’s guide book provided the participating teacher with necessary
information about the science learning activities (e.g., basic principle, 4MAT System, goal of
the science learning activities, learning standards, mind map of content, learning outcome
and activity plans). This guide book was used to prepare two participating teachers: one
participated in the pilot study and the other in the confirmatory study.

The student’s guide book provided the participating student with necessary
information about the science learning activities (e.g., contents, activities, work sheet and
learning resource). This guide book was used for thirty-two students in the pilot study and
thirty-three in the confirmatory study.

1.3 Consulting with experts to examine and verify the draft of science learning
activities

Effectiveness of the draft of science learning activites was assessed and

evaluated by the three experts on the basis of its content validity and correspondence for all

components. The results from data analysis for the correspondence of all components were

shown in TABLE 7.
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TABLE 7 INDEX OF CONGRUENCE OF THE DRAFT OF SCIENCE LEARNING ACTIVITIES

No. Domain consideration item N=3 Congruence
Mean S.D
1 The goals of the science learning activites are | 1.00 0 Strongly
corresponding to basic concept and model of learning congruence
based on 4MAT System
2 The key stage is corresponding to the goals of the | 1.00 0 Strongly
science learning activities congruence
3 The content is corresponding to the goals of the science | 1.00 0 Strongly
learning activities congruence
4 All components of the lesson plan 1 (indicators, goals, | 1.00 0 Strongly
contents, learning activities, instructional materials, congruence
assessment and evaluation) are corresponding to each
other.
5 All components of the lesson plan 2 are corresponding | 1.00 0 Strongly
to each other. congruence
6 All components of the lesson plan 3 are corresponding | 1.00 0 Strongly
to each other. congruence
7 All components of the lesson plan 4 are corresponding | 0.67 0.58 | congruence
to each other.
8 All components of the lesson plan 5 are corresponding | 1.00 0 Strongly
to each other. congruence
9 All components of the lesson plan 6 are corresponding | 0.67 0.58 | congruence
to each other.
10 All components of the lesson plan 7 are corresponding | 1.00 0 Strongly
to each other. congruence
11 All components of the lesson plan 8 are corresponding | 0.67 0.58 | congruence
to each other.
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TABLE 7 (continued)

No. Domain consideration item N=3 Congruence
Mean S.D.
12 All components of the lesson plan 9 are corresponding | 1.00 0 Strongly
to each other. congruence
13 All components of the lesson plan 10 are corresponding | 1.00 0 Strongly
to each other. congruence

From TABLE 7 the Index of congruence was shown with scores between 0.67-
1.00 which are above the selected criterion (0.50). This means the components in the
science learning activities are related to each other. Additionally, comments and
suggestions regarding the activities plans, teacher's guide book and student’s guide book
provided by the experts are outlined below and have been used to improve the quality of
the science learning activities.

1. The objectives in each lesson plan should be written to cover the knowledge,
skills, attitudes and attributes of desirable students. Moreover, they should be consistent
with the teaching and learning activities.

2. Measurement and evaluation of each lesson plan should be written clearly
that each behavior is determined by any evidence or any trace, any instrument and how
much students will meet the criteria for assessment in each topic.

3. Activities should be real examples for students to study as much as possible
instead of the picture and the examples should be in the daily life.

4. Some activities should incorporate the media or content to attract and
stimulate students’ interest.

5. Teacher’s guide book and lesson plans should be adjusted to be clear and
easy to apply to teachers such as adding the details of some steps in lesson plans or in
activities of students and adjusting the language used in writing activities, etc.

6. Teacher’s guide book should include some examples of materials or media

for teachers to view more clearly such as cards and lyrics, etc.
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The science learning activities drafts were improved as stated in the above
item. Then, they were ready to be used in the pilot study. In addition to the science learning
activities, other research instruments were also ready to be used in the next step.

1.4 Pilot studying the draft of science learning activities based on 4MAT System

According to the experts’ suggestions, the science learning activities were
revised and a pilot study was conducted on part of the science learning activities. The
science learning activities were used by the participating teacher in the classroom of sixth
grade students (32) at Wat Siwaram School in January — February 2010.

1.5 Collecting and evaluating of the pilot study data

Initially, the participating teacher studied the teacher manual and discussed
background knowledge for using the science learning activities with the researcher.
Subsequently, the teacher studied all lesson plans, instructional materials and the activities
in the manual with the researcher for one week to be ready for the pilot study.

One period prior, the science learning activities were introduced to the
students. The next period of science, the students attended the science learning activities
conducted by participating teacher during their regular formal school day. They participated
in three lesson plans of the science learning activities which were tried out for 9 periods: 2
periods a week (1 period = 60 minutes). In this stage, students’ and teacher’'s opinions
toward the science learning activities were interviewed after the instruction using the
science learning activities.

The results of the interview were analyzed to assess the effectiveness of the
science learning activities. The results revealed that there were positive opinions toward
science learning activities. However, there were some problems during the pilot study as
follows:

1. Time management

Student took more time in order to finish the activities in each lesson plan.
2. Student’s guide book
- Some scientific words in student guide book were too difficult for students
to understand.
- Some activities had less detail to explain what students should do.

- Student could not design tables to record the data after they did experiments.
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3. Instructional materials
There are a lot of instructional materials used in each activity. Some
instructional materials were expensive, fragile or disposable, so it was not worthy to be used
in the classroom.
1.6 Revising the draft of science learning activities based on 4MAT System
Some of science learning activities were tried out to check the possibility of
using them in the learning activities. The results from the pilot study revealed the problems
of the science learning activities; therefore, the science learning activities were revised on
the following topics.
1.6.1 Student’s guide book
- General sentences were added in some scientific words in order to explain
to students.
- The details were added in some activities in order to explain to students.
- The tables were added in some experiments in order to be easy for
students to record.
1.6.2 Time management
The time period in some lesson plans was expanded to three hours in order
to give students more time in each of the activities.
1.6.3 Instructional materials

Instructional materials were applied to be easier to find from daily life and
not expensive to use in the classroom. For instance, plastic droppers were used instead of

glass droppers.

2. Phase two: Science Learning Activities Implementation

After revising the science learning activities according to the experts’ suggestion
and pilot study, pretest-posttest control group design was used in this study to evaluate the
effectiveness of the science learning activities.

The science learning activities were implemented with sixth grade students from
Wat Salud School during June-September 2010. The numbers of students in experimental

group were 33 while the number of students in control group was 30.
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The experimental group students participated in the science learning activities
based on 4MAT System in all ten lesson plans during July-September 2010. The details in

each lesson plan are shown in TABLE 8.

TABLE 8 A FRAMEWORK OF THE LESSON PLANS

Title of Lesson Plan Period(s)
1. Substances 2
2. Properties of substances in three states: 3

solid, liquid and gas

3. Change of state 3
4. Dissolving 3
5. Reaction 2
6. Methods for separation of homogeneous 3

and heterogeneous matters

7. Substances in daily life 2
8. Favors and food coloring 8
9. Cleaning agents 3
10. Insecticides and pesticides 3

Total 27

Note: 60 minutes/period

3. Phase three: Science Learning Activities Evaluation

The data were collected from both quantitative and qualitative forms. There were
collected by using 1) Achievement test, 2) Science process assessment for elementary
school student, 3) The attitude toward science measure, 4) Multiple intelligences
assessment, 5) The evaluation form of creative thinking, 6) students’ opinion toward science
learning activities interview form and 7) teacher’s opinion toward science learning activities

interview form. The data were analyzed to test the research hypotheses as follows:
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1. Interaction between the science learning activities model and learning style of
student affects students’ multiple intelligences and learning outcome.

2. Students who learn through the science learning activities based on 4MAT
System have higher scores of multiple intelligences and learning outcome than students
who learn through the science learning activities based on the traditional method of
teaching.

3. Students who learn through the science learning activities based on 4MAT
System demonstrated progress in creative thinking.

4. Students who have different learning styles and learn through the science
learning activities based on 4MAT System have the same scores of multiple intelligences,
learning outcome and creative thinking.

5. Students who do the science learning activities based on 4MAT System have
positive opinions toward the science learning activities based on 4MAT System.

6. Teacher who implements the science learning activities has positive opinions
toward the science learning activities based on 4MAT System.

The results of the science learning activities implementation are presented below.

3.1 Quantitative data analysis

3.1.1 Comparison of the pretest scores of students’ achievements, science
process skills, attitudes toward science and multiple intelligences by science learning
activities

The pretest score of student’s achievement, science process skills, attitudes
toward science, and multiple intelligences between science learning activities based on
4MAT System (experimental group) and science learning activities by using traditional
method of teaching (control group) was tested by Multivariate Analysis of Variance
(MANOVA). The results of MANOVA were used to specify the proper statistics in the

following. The results of data analysis were shown in TABLE 9.
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TABLE 9 COMPARISONS OF THE PRETEST SCORES OF STUDENTS’ ACHIEVEMENTS,
SCIENCE PROCESS SKILLS, ATTITUDES TOWARD SCIENCE AND MULTIPLE
INTELLIGENCES BY SCIENCE LEANING ACTIVITIES

Total —
Test N df X S.D. F p
scores
Achievement
- Experimental group 33 1 30 8.24 3.52 1.061 0.307
- Control group 30 7.37 3.20
Science process skills
- Experimental group 33 1 40 18.18 4.88 0.935 0.337
- Control group 30 16.60 7.65
Attitudes toward science
- Experimental group 33 1 180 185.45 | 16.99 | 0.143 0.707
- Control group 30 133.80 .
Multiple intelligences
- Experimental group 33 1 200 148.82 | 23.09 | 0.179 0.674
- Control group 30 146.53 19.34

From TABLE 9, the results showed that the means of the students’
achievement, science process skills, attitudes toward science and multiple intelligences
pretest scores between experimental group (8.24, 18.18, 135.45, 148.82) and control group
(7.37,16.60, 133.80, 146.53) were not significantly different at the 0.05 level. They indicated
that students in both experimental group and control group had almost the same level of
achievement, science process skills, attitudes toward science and multiple intelligences.

3.1.2 Comparison of the pretest scores of students’ achievements, science
process skills, attitudes toward science and multiple intelligences by learning styles

The pretest score of student’s achievement, science process skills, attitudes
toward science, and multiple intelligences between different learning styles was tested by
MANOVA. The results of MANOVA were used to specify the proper statistics in the following.

The results of data analysis were shown in TABLE 10.
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TABLE 10 COMPARISONS OF THE PRETEST SCORES OF STUDENTS’ ACHIEVEMENTS,
SCIENCE PROCESS SKILLS, ATTITUDES TOWARD SCIENCE AND MULTIPLE
INTELLIGENCES BY LEARNING STYLES

Total —
Test N df X S.D. F p
scores
Achievement
- Divergent learning style 21 3 30 7.90 3.39 0.636 0.595
- Assimilative learning style 12 8.75 3.65
- Convergent learning style 11 8.00 3.74
- Accommodative learning style 19 7.05 3.05
Science process skills
- Divergent learning style 21 3 40 18.00 | 6.43 0.194 | 0.900
- Assimilative learning style 12 18.08 5.53
- Convergent learning style 11 16.63 8.15
- Accommodative learning style 19 16.84 6.47
Attitudes toward science
- Divergent learning style 21 3 180 | 136.00 | 19.68 0.656 0.582
- Assimilative learning style 12 137.92 18.48
- Convergent learning style 11 136.45 13.82
- Accommodative learning style 19 130.11 15.64
Multiple intelligences
- Divergent learning style 2 3 200 152.67 | 21.23 0.555 0.647
- Assimilative learning style 12 145.08 22.67
- Convergent learning style 11 145.27 18.94
- Accommodative learning style 19 145.37 | 22.31

From TABLE 10, the results showed assimilative learning style performed the
highest achievement (8.75), science process skills (18.08), and attitudes toward science
(137.92) while divergent learning style performed the highest multiple intelligences (152.67).
However, the comparison of the scores of students who had different learning styles showed
that the mean scores of achievement, science process skills, attitudes toward science and

multiple intelligences were not significantly different at the 0.05 level. They indicated that
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students who had different learning styles had almost the same level of achievement,
science process skills, attitudes toward science and multiple intelligences.

3.1.3 Interaction between science learning activities and learning styles on
students’ achievements, science process skills, attitudes toward science and multiple

intelligences.

The Multivariate Analysis of Variance (MANOVA) was used to find the
interaction between science learning activities and learning styles on the students’
achievement, science process skills, attitudes toward science and multiple intelligences.

The data analysis was shown in TABLE 11.

TABLE 11 MULTIVARIATE ANALYSIS OF VARIANCE (MANOVA) RESULTS BETWEEN
SCIENCE LEARNING ACTIVITIES AND LEARNING STYLES ON STUDENTS’
ACHIEVEMENTS, SCIENCE PROCESS SKILLS, ATTITUDES TOWARD SCIENCE AND
MULTIPLE INTELLIGENCES

Effect Value (Wilks" Lambda) E Eta Square
Science learning activities 0.835 2.571* 0.165
Learning styles 0.805 0.982 0.070
Interaction between science learning activities 0.763 1.236 0.086
and learning styles
*p<0.05

From TABLE 11, the results showed that:

1. Interaction effects of the science learning activities and learning styles on
students’ achievements, science process skills, attitudes toward science and multiple
intelligences was not significant at the 0.05 level and the effect size of the science learning
activities model and learning style on 4 dependent variables (Eta Square) was 0.086, which
was very low. These indicated that interaction effects of the science learning activities and

learning styles were not found.
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2. Effects of science learning activities on students’ achievements, science
process skills, attitudes toward science and multiple intelligences were significant at the
0.05 level and the effect size of the science learning activities on 4 variables (Eta Square)
was 0.165, which was quite low. These indicated that science learning activities had little
effect on the four dependent variables.

3. Effects of learning styles on students’ achievements, science process
skills, attitudes toward science and multiple intelligences were not significant at the 0.05
level and the effect size of the science learning activities on 4 variables (Eta Square) was
0.07, which was very low. These indicated that learning style did not affect the four
dependent variables.

3.1.4 Comparison of the posttest scores of students’ achievements, science
process skills, attitudes toward science and multiple intelligences by science learning
activities

The posttest score of student's achievement, science process skills,
attitudes toward science, and multiple intelligences between science learning activities
based on 4MAT System (experimental group) and science learning activities by using
traditional method of teaching (control group) was tested by MANOVA. The results of
MANOVA were used to specify the proper statistics in the following. The results of data

analysis were shown in TABLE 12.
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TABLE 12 COMPARISONS OF THE POSTTEST SCORES OF STUDENTS" ACHIEVEMENTS,
SCIENCE PROCESS SKILLS, ATTITUDES TOWARD SCIENCE AND MULTIPLE
INTELLIGENCES BY SCIENCE LEANING ACTIVITIES

Total —
Test N df X S.D. F p
scores
Achievement
- Experimental group 33 1 30 12.33 511 | 9.329** | 0.003
- Control group 30 8.87 3.70
Science process skills
- Experimental group 33 1 40 21.36 7.63 3.472 0.067
- Control group 30 18.23 5.39
Attitudes toward science
- Experimental group 33 1 180 14170 | 1545 | 4.282* 0.043
- Control group 30 184. 9 | 1320
Multiple intelligences
- Experimental group 33 1 200 152.00 | 21.64 | 1.484 0.228
- Control group 30 14470 | 25.88

*p <.0.05, *p < 0.01

From TABLE 12, the results showed that:

1. Mean of the students’ achievement and attitudes toward science posttest
scores in experimental group (12.33, 141.70) was higher than that in control group (8.87,
134.17) at the 0.05 level of significance.

2. Mean of the students’ science process skills and multiple intelligences
posttest scores between experimental group (21.36, 152.00) and control group (18.23,

144.70) were not significantly different at the 0.05 level.
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3.1.5 Scores of students’ creative thinking during learning through science
learning activities based on 4MAT System
The score of student’s creative thinking during learning through science
learning activities based on 4MAT System was tested by mean value. The results of mean
were used to specify the proper statistics in the following. The results of data analysis were

shown in TABLE 13.



TABLE 13 SCORES OF STUDENTS’ CREATIVE THINKING DURING LEARNING THROUGH SCIENCE LEARNING ACTIVITIES BEASED ON 4MAT

SYSTEM
Aspects of creative Tale composing Brochure Mind mapping Label Overall
thinking X Interpretation X Interpretation X Interpretation X Interpretation X Interpretation

Fluency 2.40 Moderate 2.00 Low 3.00 High 2.50 Moderate 2.48 Moderate
Flexibility 2.00 Low 2.25 Moderate 3.35 High 3.15 High 2.69 High
Originality 2.05 Moderate 2.55 Moderate 2.65 High 3.25 High 2.63 High
Elaboration 2.50 Moderate 2.60 Moderate 815 High 2.30 Moderate 2.64 High
Total 2.24 Moderate 2.35 Moderate 3.04 High 2.80 High 2.61 High

From TABLE 13, the results showed that the overall mean score of four tasks showed a high level of creative thinking (2.61).
Examination of the score in each task revealed that tale composing about changes of states of matter, the score of creative thinking was a
moderate level (2.24). For brochure about dissolving in daily life, the score of creative thinking was a moderate level (2.35). For mind mapping
about classification of substances in daily life, the score of creative thinking was a high level (3.04). And label designing about cleaning agents,
the score of creative thinking was a high level (2.80). The data showed that the students had gradually increasing development of creative

thinking.

0l
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To see how the mean score of students’ creative thinking of each task in each aspect and total was, a graph of the progress in

students’ creative thinking was shown in FIGURE 10.



3.1.6 Comparisons of the scores of students’ creative thinking during learning through science learning activities based on 4MAT

System by learning style

The score of student’s creative thinking during learning through science learning activities based on 4MAT System between four

learning styles was tested by Kruskal Wallis. The results of mean were used to specify the proper statistics in the following. The results of data

analysis were shown in TABLE 14.

TABLE 14 COMPARISONS OF THE SCORES OF STUDENTS’ CREATIVE THINKING DURING LEARNING THROUGH SCIENCE LEARNING

ACTIVITIES BEASED ON 4MAT SYSTEM BY LEARNING STYLES

Tale composing Brochure Mind mapping Label Overall
Aspects of creative thinking — ] — : — : = - — : X2
X Interpretation X Interpretation X Interpretation X Interpretation X Interpretation

Originality 0.679

- Divergent learning style 1.67 Low 2.67 High 2.83 High 3.33 High 2.62 High

- Assimilative learning style | 2.00 Low 3.00 High 2.33 Moderate 3.67 High 2.75 High

- Convergent learning style | 250 Moderate 2.50 Moderate 2.75 High 3.25 High 2.69 High

- Accommodative learning | 243 Moderate 2.29 Moderate 2.57 Moderate 3.00 High 2.54 Moderate
style

90l



TABLE 14 (continued)

Tale Brochure Mind mapping Label Overall
Aspects of creative thinking — - — : — : — : — : XZ
X Interpretation X Interpretation X Interpretation X Interpretation X Interpretation
Flexibility 1.523
- Divergent learning style 1.83 Low 2.33 Moderate 3.67 High 2.83 High 2.67 High
- Assimilative learning style | 267 High 2.33 Moderate 3.33 High 3.33 High 2.92 High
- Convergent learning style | 2.00 Moderate 2.25 Moderate 3.50 High 3.25 High 2.75 High
- Accommodative learning | 1.86 Low 2.14 Moderate 3.00 High 3.29 High 2.57 Moderate
style
Fluency 5.087
- Divergent learning style 2.00 Low 2.00 Low 3.00 High 2.67 High 2.41 Moderate
- Assimilative learning style | 267 High 3.00 High 4.00 Very high 2.67 High 3.08 High
- Convergent learning style | 275 High 1.75 Low 3.00 High 2.50 Moderate 2.50 Moderate
- Accommodative learning | 2.43 Moderate 1.71 Low 2.57 Moderate 2.29 Moderate 2.25 Moderate
style
Elaboration 0.782
- Divergent learning style 2.50 Moderate 2.50 Moderate 2.83 High 2.33 Moderate 2.54 Moderate
- Assimilative learning style | 267 High 3.00 High 2.67 High 2.67 High 2.75 High
- Convergent learning style | 250 Moderate 2.50 Moderate 3.25 Very high 2.50 Moderate 2.69 High
- Accommodative learning | 2.43 Moderate 2.43 Moderate 3.57 Very high 2.00 Low 2.64 High
style
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TABLE 14 (continued)

Tale Brochure Mind mapping Label Overall
Aspects of creative thinking — - — : — : — : — : XZ
X Interpretation X Interpretation X Interpretation X Interpretation X Interpretation
Total 2175
- Divergent learning style 2.00 Low 2.38 Moderate 3.08 High 2.79 High 2.57 Moderate
- Assimilative learning style | 250 Moderate 2.83 High 3.08 High 3.08 High 2.88 High
- Convergent learning style | 238 Moderate 2.25 Moderate 3.13 High 2.81 High 2.66 High
- Accommodative learning | 2.25 Moderate 2.18 Moderate 2.93 High 2.64 High 2.50 Moderate
style

From TABLE 14, the comparison of the scores of students who had different learning styles showed that the mean scores in all

aspects of creative thinking and overall were not significantly different at the 0.05 level. They indicated that students who had different learning

styles and learned through science learning activities based on 4MAT System had almost the same level of creative thinking.

801
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3.1.6 Comparison of scores of students’ achievements, science process skills,
attitudes toward science and multiple intelligences in experimental group by learning styles

The pretest score of student’s achievement, science process skills, attitudes
toward science, and multiple intelligences in experimental group between different learning
styles was tested by MANOVA. The results of MANOVA were used to specify the proper

statistics in the following. The results of data analysis were shown in TABLE 15.

TABLE 15 COMPARISONS OF THE PRETEST SCORES OF STUDENTS" ACHIEVEMENTS,
SCIENCE PROCESS SKILLS, ATTITUDES TOWARD SCIENCE AND MULTIPLE
INTELLIGENCES IN EXPRIMENTAL GROUP BY LEARNING STYLES

Learning style Total

in experimental group scores

Achievement

- Divergent learning style 10 30 8.90 3.84 0.173 0.914
- Assimilative learning style 6 30 7.67 3.93
- Convergent learning style 7 30 8.14 4.60
- Accommodative learning style 10 30 8.00 2.40

Science process skills

- Divergent learning style 10 40 20.80 7.70 1.234 0.315
- Assimilative learning style 6 40 19.00 6.78
- Convergent learning style 7 40 (2.7 7.87
- Accommodative learning style 10 40 18.20 7.66

Attitudes toward science

- Divergent learning style 10 180 133.40 20.72 0.213 0.887
- Assimilative learning style 6 180 139.67 20.50
- Convergent learning style 7 180 133.14 13.06
- Accommodative learning style 10 180 135.45 15.09

Multiple intelligences

- Divergent learning style 10 200 155.30 20.22 0.504 0.682
- Assimilative learning style 6 200 151.33 27.59
- Convergent learning style 7 200 145.14 21.37

- Accommodative learning style 10 200 143.40 2579
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From TABLE 15, the results showed divergent learning style performed the
highest achievement (8.90), science process skills (20.80), and multiple intelligences
(155.30) while assimilative learning style performed the highest attitudes toward science
(139.67). However, the comparison of the scores of students who had different learning
styles showed that the mean scores of achievement, science process skills, attitudes toward
science and multiple intelligences were not significantly different at the 0.05 level. They
indicated that students who had different learning styles in experimental group had almost
the same level of achievement, science process skills, attitudes toward science and multiple
intelligences.

The posttest score of student's achievement, science process sKills,
attitudes toward science, multiple intelligences, and creative thinking in experimental group
between different learning styles was test by MANOVA. The results of MANOVA were used
to specify the proper statistics in the following. The results of data analysis were shown in

TABLE 16.

TABLE 16 COMPARISONS OF THE POSTTEST SCORES OF STUDENTS’ ACHIEVEMENTS,
SCIENCE PROCESS SKILLS, ATTITUDES TOWARD SCIENCE, MULTIPLE
INTELLIGENCES AND CREATIVE THINKING IN EXPERIMENTAL GROUP BY
LEARNING STYLES

Learning styles Total

in experimental group scores

Achievement

- Divergent learning style 10 30 12.40 5.40 0.219 0.882
- Assimilative learning style 6 30 11.83 5.60
- Convergent learning style 7 30 11.29 5.74
- Accommodative learning style 10 30 13.30 4.74

Science process skills

- Divergent learning style 10 40 22.40 8.21 0.836 0.485
- Assimilative learning style 6 40 23.50 6.32
- Convergent learning style 7 40 17.43 7.70

- Accommodative learning style 10 40 21.80 7.84
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TABLE 16 (continued)

Learning styles Total

in experimental group scores

Attitudes toward science

- Divergent learning style 10 180 135.00 16.02 0.933 0.437
- Assimilative learning style 6 180 146.50 15.44
- Convergent learning style 7 180 144.00 16.76
- Accommodative learning style 10 180 143.90 14.06

Multiple intelligences

- Divergent learning style 10 200 154.90 22.65 0.459 0.713
- Assimilative learning style 6 200 158.50 23.16
- Convergent learning style 7 200 150.43 17.74
- Accommodative learning style 10 200 146.30 23.86

Creative thinking

- Divergent learning style 10 4 2.05 0.47 0.452 0.718
- Assimilative learning style 6 4 2.30 0.53
- Convergent learning style 7 4 2.06 0.39
- Accommodative learning style 10 4 M0 0.43

From TABLE 16, the results showed assimilative learning style performed the
highest science process skills (23.50), attitudes toward science (146.50), multiple
intelligences (158.50), and creative thinking (2.30) while accommodative learning style
performed the highest achievement (13.30). However, the comparison of the scores of
students who had different learning styles in experimental group showed that the mean
scores of achievement, science process skills, attitudes toward science, multiple
intelligences and creative thinking were not significantly different at the 0.05 level. They
indicated that students who had different learning styles and learned through science
learning activities based on 4MAT System had the same level of achievement, science

process skills, attitudes toward science, multiple intelligences and creative thinking.
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3.2 Qualitative data analysis

The qualitative data from implementation of the science learning activities
based on 4MAT System were collected by student interview form and teacher interview
form.

The results of these data analyzed by using analytic induction are as follows:

1. Student interviews

Thirty-two students were interviewed for 15-20 minutes, individually or pair or

in small groups after they had learned through these activities. They were asked to express

opinions toward the science learning activities. Results of the interviews were as follows:

TABLE 17 OPINIONS OF STUDENTS TOWARD SCIENCE LEARNING ACTIVITIES BASED
ON 4MAT SYSTEM

Students’ opinions Frequency | Percentage

1. Impression of science learning about substances in daily life.

- Doing experiments 31 06.88
- Doing activities in 10 students’ guide books 2 6.25
Reasons

- Fun and exciting 16 50.00
- Having knowledge 10 31.25
- Doing activities by themselves 5 15.63
Working in group with friends 4 12.50
- Applying knowledge in their daily life 4 12.50

2. Opinions toward science learning activities

- Like 30 93.75
- Neutral 2 6.25
Reasons

- Doing experiments by themselves 16 50.00
- Fun and exciting 10 31.25

Having knowledge 7 21.88




TABLE 17 (continued)
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Students’ opinions Frequency | Percentage
Reasons (cont.)
- Having skills and thinking 2 6.25
- Doing various activities 2 6.25
- Working in group with friends 2 6.25
- Applying knowledge in their daily life 2 6.25
Doing activities in 10 students’ guide books 1 3.13
3. Understanding about substances in daily life
- Increasing 32 100.00
Reasons
- Doing experiments by themselves 25 78.13
- Doing various activities 4 12.50
- Sharing ideas and experiences with friends 2 6.25
- Applying knowledge in their everyday life 3 9.38
- Doing activities in 10 students’ guide books 1 3.13
4. Opinions toward assessment
- Like 29 90.62
- Neutral 3 9.38
Reasons
- Getting many scores from works and experiments 28 87.50
- Having few tests 16 50.00
- Having feedback and telling scores after submitting their 4 12.50
tasks and tests.
5. Suggestions
- Having a lot of activities outside the classroom 12 37.50
- Watching video about science 10 31.25
- Adding lots of games 8 25.00
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TABLE 17 (continued)

Students’ opinions Frequency | Percentage
Suggest (cont.)
- Adding equipments and experiments 5 15.63
- Reducing the number of students’ guide book 2 6.25
- Having more periods of science 1 3.13
- Asking more questions in the classroom. 1 3.13

From TABLE 17, the results showed that:

1. Ninety-seven percent of students were impressed with doing experiments
because they were fun and exciting, having knowledge, doing activities by themselves,
working in group with friends and applying knowledge in their daily life. Moreover, six
percent of students were impressed with doing activities in students’ guide books.

2. Ninety-four percent of students liked science learning activities after they
learned through science learning activities based on 4MAT System because they were fun
and exciting, did experiment by themselves, had knowledge, skills and thinking, worked in
group with friend, applied knowledge in their daily life and did activities in students’ guide
books. Moreover, six percent of students felt indifferent to doing activities.

3. One hundred percent of students understood about substances in daily
life better because they could do experiments by themselves, do various activities, share
ideas and experiments with friends, apply knowledge in their daily life and do activities in
students’ guide books.

4. Ninety-one percent of students liked the way of assessment that used in
science learning activities based on 4MAT System because they could get many scores
from tasks and experiments, do a few tests and teacher also had feedback and told scores
after submitting tasks and tests. Moreover, nine percent of students felt indifferent to the
assessment.

5. Students suggested about science learning activities based on 4MAT

System that they should be added the outside classroom activities, games, equipments,
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experiments, questions, and videos about science and also reduced the number of
students’ guide books.
In addition, qualitative data from interviewing three cases study about the
science learning activities based on 4MAT System were:
The first case is Student A
Student A had very good learning outcomes and she could read and write
fluently. In addition, she had an accommodative learning style. She was interested in,
enthusiastic and intended to learning and doing activities. She always asked questions to
teacher, shared ideas with friends in classroom, delivered all tasks and was a leader in
working groups. Her achievement scores, science process skills scores, attitudes toward
science scores, multiple intelligences scores, and creative thinking scores after learned
through science learning activities based on 4MAT System were good. Moreover, the
results of her interview about science learning activities base on 4MAT System showed that:
1. Impression of science learning about substances in daily life
Student A: “I'm impressed with doing the experiments because | had
both knowledge and fun.”
2. The opinions toward science learning activities based on 4MAT System
Student A: “I like activities because | was fun and | could do many
experiments and learned about many substances.”
3. Understanding about substances in daily life
Student A: “I understand science content better because | did many experiments by
myself and teacher helped me a lot when | have doubts.”
4. The opinions toward assessment
Student A: “l like the way of assessment because | could get many
scores from my tasks if | did them very well and it also had a few tests.
5. Students’ suggestion
Student A: “lI want to watch more videos about science, to explore
outside the classroom and to do more experiments and games.”
According to interview, Student A had positive opinions toward science

learning activities because these activities were fun and allowed students to do experiments
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by themselves and to work with friends that she had knowledge and understood science
content better. In addition, she liked the way of assessment because she could get many
scores from her tasks and it also had a few tests.
The second case is Student B
Student B had moderate learning outcomes and she could read and write
fluently. In addition, she had an accommodative learning style. She was interested in,
enthusiastic and intended to learning and doing activities. Sometimes, she asked questions
to teacher, shared ideas with friend in classroom and delivered tasks. Her achievement
scores, science process skills scores, attitudes toward science scores, multiple
intelligences scores and creative thinking scores after learned through science learning
activities based on 4MAT System were moderate. Moreover, results of her interview about
science learning activities base on 4MAT System showed that:
1. Impression of science learning about substances in daily life
Student B: “I'm impressed with doing the experiments because | worked
with my friends and talked to my teacher about substances that were
used in each experiment.”
2. The opinions toward science learning activities based on 4MAT System
Student B: “I like activities because they were fun and | could do many
experiments, learn about many substances and also talked to my
teacher.”
3. Understanding about substances in daily life
Student B: "I understand science content better because | did many
experiments by myself and teacher helped me a lot.”
4. The opinions toward assessment
Student B: “I like the way of assessment because | could get many
scores from my tasks if | did them very well and it had few tests.
Moreover, my teacher had feedback and told me about my score after |
submitted my tasks or tests. | could know that what | ‘m wrong or
correct and | could fix it properly. If my teacher didn’t tell me about that,

[ wouldn’t know that I'm wrong.
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5. Students’ suggestion
Student B: “l want to watch the video about science and to play more
games.”

According to the interview, Student B had positive opinions toward science
learning activities because these activities were fun and allowed students to do experiment
by themselves, to work with friends and to talk to teacher. She also understood science
content better. In addition, she liked the way of assessment because she could get many
scores from her tasks and it had a few tests. Teacher also gave feedback immediately
about that she was wrong.

The third case is Student C

Student C had low learning outcomes and he could not read and write
fluently. In addition, he had a divergent learning style. He was less interested in,
enthusiastic and intended to learning and doing activities. Sometimes, he did not answer
question or share ideas with friend in classroom. During working in group, he did not help
his friends until they told him what he should do. Teacher needed to remind him to submit
his tasks all the time. His achievement scores, science process skills scores, attitudes
toward science scores, multiple intelligences and creative thinking scores after learned
through science learning activities based on 4MAT System were low. Moreover, results of
her interview about science learning activities base on 4MAT System showed that:

1. Impression of science learning about substances in daily life

Student C: “I'm impressed with doing the experiments because | could
work with my friends and | was excited t00.”

2. The opinions toward science learning activities based on 4MAT System

Student C: “l like activities because they were fun and | could work with
my friends.”

3. Understanding about substances in daily life

Student C: “I understand science content better because my fried would

explain to me when | worked in group.”
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4. The opinions toward assessment
Student C: “l like the way of assessment because | could get many
scores from my works and it had a few tests.

5. Students’ suggestion

Student C: “I want to learn outside the classroom and ask more
questions in the classroom.”

According to the interview, Student C had positive opinions toward science
learning activities because these activities were fun and allowed students to do experiments
by themselves and to work with their friends. He also understood science content better. In
addition, he liked the way of assessment because he could get many scores from his works
and it had a few tests.

In summary of the overall student interviews and case studies, students had
positive opinions toward science learning activities based on 4MAT System because these
activities were both fun and exciting and allowed students to do experiments and various
activities by themselves and to work with friends. Moreover, students had knowledge, skills
and thinking. They also understood science content better and applied knowledge in their
everyday life. In addition, most students liked the way of assessment because they could
get many scores from their tasks and had a few tests.

1. Teacher interviews

According to the teacher interview, teacher had positive opinions toward
science learning activites based on 4MAT System. The responses showed positive
opinions:

1) Teacher believed that these science learning activities based on 4MAT
System could be a good model of science learning activity because these activities could
improve all learning aspects of science such as cognitive, affective and psychomotor
aspects and also improved multiple intelligences of students.

2) These activities were based on student difference. So students enjoy
learning science and doing activities with their full potential.

3) Teacher had no problem about evaluation because there were clear

criteria to evaluate students’ tasks but it took too long time to evaluate them.
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4) Teacher believed that students were interested in the learning science of
science learning activities based on 4MAT System and they understood science content
better. In addition, these activities could also be applied to other science courses or topics
because they provided opportunity for students to do any activities by themselves and
could work with their friend.

However, the teacher found some problems in teaching by using science
learning activities based on 4MAT System. These problems are: 1) students’ lacking of the
ability of using scientific equipment and concluding experiments, 2) students’ lacking of the
ability of writing to communicate their thinking and understanding, and 3) limitation of time
as any skill requires much time and practice. She suggested that the teacher should
demonstrate using scientific equipments and explain details of objectives, procedures,
record, analysis and conclusion of experiment. In addition, the teacher should provide
practice for students to write for communication such answering questions and recording data etc.

In conclusion, the teacher believed that she was able to apply the science
learning activities to teach other science courses or contents with science learning activities

based on 4MAT System.



CHAPTER 5
CONCLUSION AND DISCUSSION

This chapter presents the conclusions of the study in relation to the purposes,
hypotheses, research instruments, methodology, conclusions, discussions and

recommendations.

Purposes of the Study

1. To develop the science learning activities based on 4MAT System.
2. To implement the science learning activities based on 4MAT System.

2.1 To study interaction effects between the science learning activities and
learning styles on students’ multiple intelligences and learning outcomes.

2.2 To study effects of science learning activities based on 4MAT System on
students’ multiple intelligences, learning outcomes and creative thinking.

2.3 To study different learning styles of students who learn through the science
learning activities based on 4MAT System on students’ multiple intelligences, learning
outcomes and creative thinking.

2.4 To study the teachers’ and students’ opinions toward the activities based on

AMAT System.

Hypotheses of the Study

The hypotheses of the study are as follows:

1. Interaction between the science learning activities and learning styles of student
affects on students’ multiple intelligences and learning outcomes.

2. Students who learn through the science learning activities based on 4MAT
System have higher scores of multiple intelligences, and learning outcomes than students
who learn through the science learning activities based on traditional method of teaching.

3. Students who learn through the science learning activities based on 4MAT

System demonstrate progress in creative thinking.
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4. Students who have different learning styles and learn through the science
learning activities based on 4MAT System have the same scores of multiple intelligences,
learning outcomes and creative thinking.

5. Students who do the science learning activities based on 4MAT System have
positive opinions toward the science learning activities based on 4MAT System.

6. Teacher who implements the science learning activities has positive opinions

toward the science learning activities based on 4MAT System.

Research Instruments

The current research study consisted of eight instruments. There were learning
styles questionnaires, achievement test, science process assessment for elementary school
student, the attitude toward science measure, multiple intelligences assessment, the
evaluation form of creative thinking, the teachers’ and students’ opinions toward science

learning activities interview forms.

Research methodology

The research procedures were presented under the three major phases; a) science
learning activities design; b) science learning activities implementation and c) science
learning activities evaluation.

1. Phase one: science learning activities design

During the first phase, the science learning activities were developed to
promote student’s multiple intelligences. The details for science learning activities design
are summarized as follows:

1.1 Studying basic data: The researcher studied related documents and
gathered literature on science learning activities development, 4AMAT System, learning styles
of student, multiple intelligences, Thai National Education Standard, Science Education
Standard, science instruction strategies and evaluation of science instruction.

1.2 Developing drafts of science learning activities: the researcher developed
drafts of science learning activities based on the eight steps of 4AMAT System as a teaching
strategy and wrote a draft of ten lesson plans following 4MAT System. Each lesson plan

consisted of: 1) learning standard, 2) indicators, 3) main concept, 4) learning objectives,
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5) content, 6) materials and learning resources, 7) teaching and learning activities,
8) evaluation, 9) teacher recording, 10) questionnaires for self-assessment of student, and
11) assessment forms.

1.3 Consulting experts to examine and verify the drafts of science learning
activities: lesson plans and research instruments were examined by experts who checked
the content and construct validity.

1.4 Pilot studying the drafts of science learning activities based on 4MAT
System: one classroom pilot testing was conducted on parts of science learning activities to
explore the students’ experience when they participated with science learning activities,
during January — February 2010. Then the information was used to evaluate the draft of
science learning activities. Finally, all feedback was used to revise the science learning
activities based on a science learning activities revising guide.

2. Phase two: science learning activities implementation

The science learning activities was implemented by a teacher at Wat Salud
School for 27 periods in first semester of 2010, during July — September 2010. The research
design was pretest-posttest control-group design. The experimental group for the study was
33 students in one classroom. The control group was comprised of 30 students who
studied science through traditional method of teaching.

3. Phase three: science learning activities evaluation

By evaluating the science learning activities based on 4MAT System, the
researcher measured how effective the science learning activities were. Students’ multiple
intelligences, achievement, science process skill, attitudes toward science and creative
thinking was assessed by using multiple intelligences assessment, achievement test,
science process assessment, attitudes toward science measure and evaluation form of
creative thinking. Moreover, the researcher interviewed both students and teacher who
participated in science learning activities based on 4MAT System about their opinions

toward the science learning activities.
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Conclusions
The research findings were concluded as follows:
1. Phase one: science learning activities design

According to the basic data, the science learning activities were developed
based on 4MAT System for sixth grade students.

The science learning activities were examined by three experts who had more
than 10 years of experience in science teaching. Then the science learning activities were
revised and implemented in one classroom as a pilot study. All information from the pilot
study was used to revise the science learning activities based on science learning activities
guide.

After all revision, the science learning activities were composed of ten topics
that are matter, properties of matter in three states, change of states, dissolving, reaction,
methods for separation of homogeneous and heterogeneous matters, substance in daily life,
favors and food coloring, cleaning agents, and insecticides and pesticides. Each topic
takes 2 or 3 hours for all activities in each topic to be accomplished.

Teaching strategy would follow the 4MAT System. The 4MAT System is
composed of eight steps; 1) connect; 2) examine; 3) image; 4) inform; 5) practice; 6)
extend; 7) refine; and 8) perform.

2. Phase two: science learning activities implementation

Science learning activities implementation was conducted based on pretest-
posttest control group design.  The science learning activities was studied as an
independent variable with the dependent variables being the students’ achievement,
science process skills, attitude toward science, multiple intelligence, creative thinking and
opinions toward science learning activities and teacher’s opinions toward science learning
activities. The participants in this study were students from Wat Salud School who studied
in sixth grade.

Firstly, all participants identified their learning style by doing learning style
questionnaire.  After that, quantitative instruments were used to explore student’s
achievement, science process skills, attitude toward science and multiple intelligences as a

pretest. All participants were divided into an experiment and a control group with cluster
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sampling. Control group students were those who studied science by using traditional
method of teaching. While the experimental group students studied science by using
science learning activities based on 4MAT System for all 10 lesson plans. Secondly, during
the study, creative thinking of students in experimental group was explored by assessing
students’ tasks. Finally, the posttest was conducted using the same quantitative instruments
as in pretest. The purpose was to explore whether there were changes in the dependent
variables. Moreover, students’ and teacher’s opinions toward science learning activities
were conducted using the questionnaire.
3. Phase three: science learning activities evaluation

The evaluation was designed to determine the degree to which the science
learning activities are effective in reaching the various researches related hypotheses as
follows:

Hypothesis one: interaction between the science learning activities model and
learning style of student affects students’ multiple intelligences and learning outcomes.

This hypothesis was expected that interaction between the science learning
activities and learning styles of student affects students’ multiple intelligences and learning
outcomes.

According to the result of this study, the interaction between the science
learning activities and learning styles of student was not found. This did not support
hypothesis 1.

Hypothesis two: students who learn through the science learning activities
based on 4MAT System have higher scores of multiple intelligences and learning outcomes
than students who learn through the science learning activities based on traditional method
of teaching.

This hypothesis was expected that student who learn through the science
learning activities based on 4MAT System (experimental group) would gain a higher
posttest scores of multiple intelligences and learning outcomes which include achievement,
science process skills and attitudes toward science than students who have learn through
the science learning activities based on traditional method of teaching (control group).

According to the result of this study, before conducting the science learning

activities, for all participants, the mean scores of multiple intelligences, achievement,
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science process skills and attitudes toward science of pretest between experimental and
control group were not significantly different at the 0.05 level. It could be assumed that the
students’ multiple intelligences, achievement, science process skills and attitudes toward
science between experimental and control group were almost at the same level.

Since the experimental group received the treatment (science learning activities
based on 4MAT System), it showed that the mean scores of achievement and attitudes
toward science of the posttest between experimental and control groups were significantly
different at the 0.05 level. This indicated that the students who learned through science
learning activities based on 4MAT System had higher mean scores than the students who
learned through the science learning activities based on traditional method of teaching.
However, it was found that the mean score of multiple intelligences and science process
skills of the posttest between experimental and control groups were not significantly
different at the 0.05 level. This indicated that students who learned through science
learning activities based on 4MAT System had the same mean scores with the other who
learned through the science learning activities based on traditional method of teaching.
This did not support hypothesis 2.

Hypothesis three: Students who learn through the science learning activities
based on 4MAT System demonstrate progress in creative thinking.

This hypothesis was expected that students who learned through the science
learning activities based on 4MAT System (experimental group) would demonstrate
progress in creative thinking.

According to the result from this study, it showed that the mean scores of the
creative thinking of each student’s task changed in the higher score. This indicated that
students who learned through the science learning activities based on 4MAT System
demonstrated progress in creative thinking. This supported hypothesis 3.

Hypothesis four: students who have different learning styles and learn through
the science learning activities based on 4MAT System have the same scores of multiple
intelligences, learning outcomes and creative thinking.

This hypothesis was expected that students who have different learning styles

and learn through the science learning activities based on 4MAT System would have the
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same scores of multiple intelligences, learning outcomes (including achievement, science
process skills and attitudes toward science) and creative thinking.

According the result of this study, before conducting the science learning
activities, for all participants, the mean scores of multiple intelligences, achievement,
science process skills and attitudes toward science of pretest of students who have
divergent learning style, assimilative learning style, convergent learning style, and
accommodative learning style were not significantly different at the 0.05 level. It could be
assumed that the students’ multiple intelligences, achievement, science process skills and
attitudes toward science of divergent learning style, assimilative learning style, convergent
learning style, and accommodative learning style were almost at the same level.

Since the students received the treatment (science learning activities based on
4AMAT System), it showed that the mean score of multiple intelligences achievement,
science process skills, attitudes toward science, and creative thinking of the posttest of
students who have different learning styles were not significantly different at the 0.05 level.
This indicated that students who learned through science learning activities based on 4MAT
System and have divergent learning style, assimilative learning style, convergent learning
style, and accommodative learning style had not different scores of multiple intelligences
achievement, learning outcomes, and creative thinking. This supported hypothesis 4.

Hypothesis five: students who do the science learning activities based on
4MAT System have positive opinions toward the science learning activities based on 4MAT
System.

This hypothesis was expected that students who do the science learning
activities based on 4MAT System would have positive opinions toward the science learning
activities.

According to the results from student interviews, the students had positive
opinions toward science learning activities based on 4MAT System because these activities
were both fun and exciting and allowed students to do experiments and various activities by
themselves and to work with friends. Moreover, students had knowledge, skills and

thinking. They also understood science content better and applied knowledge in their
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everyday life. In addition, most students liked the way of assessment because they could
get many scores from works and had a few tests. This supported hypothesis 5.

Hypothesis six: teacher who implements the science learning activities has
positive opinions toward the science learning activities based on 4MAT System.

The hypothesis was expected that teacher who implements the science
learning activities would have positive opinions toward the science learning activities.

According to the results from teacher interview, the teacher had positive
opinions toward science learning activities based on 4MAT System. She claimed that these
science learning activities based on 4MAT System could be a good model of science
learning activity because these activities were developed on the student differences. They
also could improve all learning aspects of science such as cognitive, affective and
psychomotor aspects and also improved multiple intelligences of students. Moreover, the
teacher was satisfied with teaching the students by using the science learning activities
based on 4MAT System because students enjoyed learning science and doing activities
with their full potential.

However, the teacher found some problems while teaching using science
learning activities based on 4MAT System. These problems were 1) students’ lack of the
ability to use scientific equipment and conclude experiments, 2) students’ lack of the ability
to write to communicate their thinking and understanding, and 3) limitation of time as any
skill requires much time and practice. In conclusion, the teacher was confident that she was
able to apply the science learning activities based on 4MAT System to teach other topics.

This supported hypothesis 6.

Discussions
The following are discussions on the study results:

1. Interaction between the science learning activities and learning style of student
affects students’ multiple intelligences and learning outcomes.

According to the result of Multivariate Analysis of Variance between the science
learning activities model and learning style of student on student’s multiple intelligence and

learning outcomes, interaction between the science learning activities and learning style of
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student was not found. This indicated that both science learning activities and four learning
styles did not affect multiple intelligences and learning outcomes of students. Similarly,
Pisal Pothongsangaroon (1993: abstract) studied an interaction of discovery and expository
approaches in computer-assisted instruction lesson and learning styles upon mathematics
learning achievement of the vocational education certificate students and found no
statistically significant interaction between the use of computer-assisted instruction lesson
approach and types of learning styles upon mathematics learning achievement at the 0.05
level. Furthermore, Day (1998: 73) studied the effects of world wide web instruction and
traditional instruction and learning styles on achievement and changes in student attitudes
in a technical writing in an agricommunication course and found that interaction effects did
not occur between learning style and type of instruction (Web-dependent or traditional) on
students achievement and attitudes.
2. Students who learn through the science learning activities based on 4MAT
System have higher scores of multiple intelligences and learning outcomes than students
who learn through the science learning activities based on traditional method of teaching.
According to the results, the mean scores of achievement and attitudes toward
science of the posttest between experimental and control groups were significantly different
at the 0.05 level. This supported that students who learned through science learning
activities based on 4MAT System had higher mean scores of achievement and attitudes
toward science than students who learned through the science learning activities based on
traditional method of teaching. The results supported the finding of Bowers (1987:
Abstract), Szewzyk (1987: Abstract), Winkerson and White (1988: Abstract), Vaughn (1991:
Abstract), Ursin (1995: Abstract), Mullika Meehirun (2003: Abstract), Sasiwimon Sinsomros
(2005: Abstract) and Pranee Wongthongdee (2007: Abstract) which found that learners who
learned through learning activites based on 4MAT System had higher scores of
achievement and attitude toward science than learners who learn through learning activities
based on other teaching methods such as restricted-textbook, textbook approach,
enrichment based on Bloom’s Taxonomy, experientially-based teaching method,

conventional methods, and traditional teaching method.
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However, the mean score of multiple intelligences and science process skills of
the posttest between experimental and control groups were not significantly different at the
0.05 level, and these results rejected the second research hypothesis. This indicated
students who learned through science learning activities based on 4MAT System had the
same mean scores with the other who learned through the science learning activities based
on traditional method of teaching.

According to the data of multiple intelligences, the result may have been
caused by the numbers of activity and limitation of time. The students conducted few
activities and did not have enough time on developing multiple intelligences which required
more practice and time. This statement was supported by Campbell; Campbell; &
Dickinson (1999: 278) that intelligence contained a complex cluster of knowledge and skills,
so teacher had to identify intelligences to develop throughout their semester or year-long
courses. For example, one of the authors developed eight, year-long intelligence outcomes
that he wove throughout the curriculum for his multi-age classroom of third through fifth
grade students (Campbell; Campbell; & Dickinson1999: 278). Some schools have identified
multiple intelligence outcomes around which they mold their entire program. Such schools
have determined the essential tasks, achievements, and habits of mind all students should
exhibit. Curriculum and assessment were driven by the MI outcomes. For example, the Key
School states that upon graduation each student would demonstrate the following core
abilities:

® Communicate clearly in written

® Be verbally articulate in two languages

® Sing or play a musical instrument proficiently

® Use math and logic in applied areas

® Use technology as a tool for inquiry and communication

® Recreate the three-dimensional world through the visual or practical arts

® Be physically fit

® Select an applied area for inquiry, reflection, and apprenticeship

® Participate in stewardship activities with nature
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® [xpress a capacity to care about global issues
® Participate in groups and organizations in the larger community (Campbell; &
Campbell: 1999).

For science process skKill, students have no different mean scores because they
did not have enough time to practice any science process skills.  According to Nittaya
Kongpan (2003: online), in the first phase of using any learning processes, students may have
less experience, so they need more time to become familiar with the learning procedure, or to
do more practice. This statement was supported by S. Thomson'’s interview with Precharn
Dechsri (Natchanok Jansawang. 2005: 86; citing Precharn Dechsri. 1994: 96). Thompson
believed that each skill needed to be practiced many times. In regard to complex skills, he
also believed that the fluency in each skill would improve through hundreds of attempts.
Cronbach (1963: 284) also said that a skill needs large amounts of practice and time.

Therefore, the extra time and continuous practicing were needed for both
multiple intelligences and science process skills. Moreover, teachers had to provide more
activities and opportunities for students to use their multiple intelligences and skills for
constructing the knowledge.

3. Students who learn through the science learning activities based on 4MAT
System demonstrate progress in progression of creative thinking.

According to the result, the creative thinking of the students was compared to
each task of students and the results supported the third research hypothesis. The scores of
creative thinking demonstrate progress.

The data of creative thinking in each student’s task showed that:

1) The tale composing about changes of states of matter, the students had the
highest mean score for elaboration because they were good at organizing storyline,
characters and scenes. However, they had the lowest score for flexibility because
presentation was not interesting. The students focused on only knowledge but they did not
put entertainment or motto in the stories.

2) The brochure about dissolving in daily life, the students had the highest

score for elaboration because they clearly provided the content into section and put the
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appropriate details.  But they had the lowest score for fluency because they gave few
examples about dissolving in daily life.

3) The mind mapping about classification of substances in daily life, the
students had the highest score for flexibility because they gave a variety of examples about
substances in daily life. However, they had the lowest score for originality because they
organized a similar pattern with friends and used a colorless decoration.

4) The label designing about cleaning agents, the students had the highest
score for originality because they designed a beautiful label and used colorful pictures and
texts. But they had the lowest score for elaboration because they showed fewer details in
components of cleaning agents.

5) In the case of mind mapping, the data showed that students had the highest
score of creative thinking because they had basic skills and familiarized with mind mapping.

However, the total mean score of creative thinking showed that the students had
the progressive development within 27 periods. This result was similar to many studies such
as Vaughn (1991), Rotjapan Suvannatouch (2003) and Kamon Tongprawan (2008). Vaughn
(1991) compared the 4MAT System of instruction with two enrichment units based on Bloom’s
Taxonomy with gifted third graders in a pull-out program and found that the 4MATgroup had
creative thinking score higher than the control group on the final product. Rotjapan
Suvannatouch (2003) studied science learning achievement and scientific creative thinking of
Mathayomsuksa 1 Students Taught through 4MAT System and found that posttest scores in
science learning achievement on “Environmental substances” and in scientific creative
thinking of students taught through 4MAT System were significantly higher than pretest ones
at the 0.01 level. Kamon Tongprawan (2008: 82-83) studied the effects of teaching physics
by using 4MAT on creative thinking of Mathayomsuksa 4 students and found that after the
treatment, creative thinking of the samples was higher at the significant level of 0.05.
Furthermore, Huitt (2000) studied using the 4MAT System to design Web-based instruction
and reported that the 4MATSystem offered an excellent model to guide the development of
Web-based materials because it systematically identified specific activities that different types
of students found interesting and enjoyable. It also engaged the higher order thinking of

students with various activities.
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Explanation for finding of the study, regarding the progressive development of
creative thinking was science learning activities based on 4MAT System. The activities
allowed the students learning from concepts more than contents and provided the
opportunities for students expressing free opinions by teacher as a facilitator. Furthermore,
these activities could also develop both the left hemisphere and the right hemisphere in eight
steps and allowed students to imagine, practice, and express creatively. Especially, step 7:
refine and step 8: perform emphasized the students’ thinking and creating. This was
supported by Wichai Wongyai (1999: 35-38) and Somsak Phoowipadawan (1994: 129-130).
They stated that if both the left hemisphere and the right hemisphere of students had been
continuously developed and balanced, students could increase their creative thinking.
Similarly, Krause (2007: online) stated that creativity requires whole-brain thinking or whole
brain process; right-brain imagination, visualization, conceptualization and intuition
(incubation & illumination), plus left-brain logic thinking, analysis of facts, planning approach
and organizing facts (preparation & verification). Therefore, the students who learned
through the activities, continuously encourage the whole- brain, would have more creative
thinking.

Additionally, the results showed that at the beginning of the study, students’
creative thinking slightly increased. That may be caused by students’ familiarity with the
activities. At the beginning of implementing, the science learning activities based on 4MAT
System were regarded as the new learning activities that the students were not familiar with.
The students remained familiar with the traditional learning activities, and they still lacked
courage to create the tasks or sometimes they needed guidance from the teacher in order
to create them. After they participated in the activities many times, they could create the
new idea on their own. Consequently, students had increased the development of creative
thinking. This statement was supported by Nittaya Kongpan (2003: online), who claimed
that in the first phase of using any learning processes, students may have less experience,
so they need more time to become familiar with the learning procedure or to do more
practice. After that, they would develop more their learning outcomes and skills. Moreover,
this was similar to Wichai Wongyai (2541: 23). He stated that creative thinking could be

developed and related to learning process. If students were systematically and continuously
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motivated by appropriate learning process and sufficient number of learning activities, their
creative thinking could grow with full potential. Similarly, Maloney; & Hopkins (1973) and
Glover; & Gray (1976) demonstrated that creative thinking could be developed by
continuously providing the appropriate environment or activities, reinforcing creative
responses during classroom activities. Furthermore, providing the opportunities for students
to face with different situations and thinking the new things could enhance the creative
thinking. These finding helped to assure that the science learning activities based 4MAT

System are the effective activities that could develop students ‘creative thinking.

4. Students who have different learning styles and learn through the science
learning activities based on 4MAT System have the same scores of multiple intelligences,
learning outcomes and creative thinking.

According to the results, they showed that the mean score of multiple
intelligences achievement, science process skills, attitudes toward science, and creative
thinking of the posttest of students who had different learning styles were not significantly
different at the 0.05 level, and these results supported the forth research hypothesis.
Students who learned through science learning activities based on 4MAT System and had
divergent learning style, assimilative learning style, convergent learning style, and
accommodative learning style had not different scores of multiple intelligences, learning
outcomes, and creative thinking. The result may have been caused by science learning
activities based on 4MAT System that emphasized the different leaner of four learning styles
as following Kolb’s experiential learning style and developed both right- and left- mode
processing skills. All learners have an equal chance to learn and construct their knowledge.
This statement was supported by McCarthy (1990: 31) that learning activities based on
4AMAT System offers a way to accommodate, as well as challenge, all the four types of
learners by appealing to their accustomed learning styles. Similarly, Jureerat Suebtrakul
(2003: Abstract) studied the effects of concept mapping in hypermedia lessons based on
the 4MAT System on learning achievement in life experience area on “Electricity” of pratom
suksa six students with different learning styles and found that the accommodative,
assimilation, convergent and divergent learning style students who learn through

hypermedia lessons based on the 4MAT System had significantly increase on learning
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achievement at 0.05 level. However, the accommodative, assimilation, convergent and
divergent learning style students who learn through hypermedia lessons based on the 4MAT
System have no significant difference on learning achievement at 0.05 level.

5. Students who do the science learning activities based on 4MAT System have
positive opinions toward the science learning activities based on 4MAT System.

The opinions of students who learned through science learning activities based
on 4MAT System were positive. This finding supported the fifth research hypothesis. The
results were similar to many studies such as Wilkerson and White. Wilkerson and White
(1988: 357) compared the effect to the 4MAT System of instruction to that of a textbook
approach on the students’ attitude toward instruction. It found that students who were
taught by the 4MAT System of instruction were more positive attitude than through the
textbook approach. Similarly, Sangster and Shulman (1988: 13-15) interviewed students
about 4MAT course. They found that students’ response was more enjoyable with the
4MAT course than their regular instruction. Students said they learned more and wanted to
participate in more classes that used the 4MAT System. As a result of this study, students
thought these activities were fun and exciting, allowed them to do experiments and various
activities by themselves and worked with their friends. Moreover, they had knowledge, skills
and thinking. They also understood science content better because they could apply
knowledge in their everyday life. However, they wanted to have more outside classroom
activities, games, equipments, experiments, questions, and also reduced the number of
students’ guide books during the science learning. In regard to assessment they liked the
way of assessment because they could get many scores from tasks and had a few tests.
Moreover, teacher also immediately gave feedback after they submitted their tasks and
tests.

6. Teacher who implements the science learning activities has positive opinions

toward the science learning activities based on 4MAT System.

Teacher thought science learning activities based on 4MAT System were good
activities. These activities encouraged multiple intelligences of students through doing
various activities. The teacher understood about 4MAT System, learning style and multiple

intelligences. The contents and activities were suitable to the potential and diversity of
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students. The assessment of the activities was also good because they were authentic
assessment. This result was different from the first time that the researcher talked to the
teacher before using the science learning activities. Those results of talking indicated that
teacher did not have a good understanding about 4MAT System, learning style and multiple
intelligences. But after the teacher used the science learning activities based on 4MAT
System to teach science, she had more understanding about theories which were suitable
to design science learning activities for students who have different potentials and learning
styles. Similarly, Sangster and Shulman (1988: 13-15) found that the teacher thought that
the 4MAT approach was successful in achieving the unit objectives for most of their
students. The teacher also reported that students responded positively to the units. Further
support for the 4MAT System came from indications of the teachers’ willingness to teach the
same unit again, interest in teaching other 4MAT units, interest in developing other 4MAT
units and interest in attending additional workshops because of many reasons as follows:
1) they were the good design of the units; 2) the variety of activities suggested; 3) the quality
of the resource provided; and 4) students seemed to enjoy the units and participated in the

classroom exercises.

Recommendations
The development and implementation of science learning activities model based
on 4MAT System was aimed to promote multiple intelligences of sixth grade students, to
future enhance the effectiveness of these science learning activities and to stimulate
students to achieve in all expected learning outcomes, the researcher recommended the
guidelines:
1. Recommendations for policy making
1.1 The educational administrators should give policies for the principals as
follows:
1.1.1 Teachers would survey and analyze learning styles of students.
1.1.2 Teachers would design learning activities that appropriate with

different learning styles and left- and right- brain of students in order to students could
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equally construct their knowledge and provide opportunities for students to develop their
multiple intelligence and higher- order thinking.

1.2 The school administrators should give policies for the teacher to design
science learning activities base on 4MAT System and to implement those activities in order
to study effectiveness of them in all aspects of science such as cognitive, affective and
psychomotor.

2. Recommendations for teachers

2.1 Atmosphere of learning through science learning activities based on 4MAT
System was observed and found that most students were very interested in doing activities,
enthusiastic about doing group activities and fun and happy because they did experiments
and activities by themselves as well as working in groups with friends. Therefore, teachers
should apply these activities for other contents and levels.

2.2 Before the instruction, the teacher should explain the criteria of evaluation
to students in order to motivate their learning. This also affects the science learning
activities based on 4MAT System to be more effectively.

2.3 For the development of science process skills, teachers should explain and
demonstrate scientific equipments as well as the procedures of experiment for students to
understand before starting to use science learning activities. Furthermore, teachers should
provide variety of activities and opportunities for students to use their skills continuously.
These also affect the science learning activities based on 4MAT System more effectively.

2.4 Science teachers should prepare learning activities based on 4MAT
System to provide opportunities for students to do variety of activities because the study
show that students who have different learning style have the same learning outcomes when
they learning through science learning activities based on 4MAT System. In other words,
students who have different learning style could equally construct their knowledge.

2.5 The results of this study show that students who learn through science
learning activities based on 4MAT System have no different scores of multiple intelligences
from students who learn through science learning activities by using traditional method of
teaching. This may have been caused by the short periods of this study. Students have

insufficient time to practice multiple intelligences which are complex skills and capabilities.
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Therefore, it should be a longitudinal research study in order to spend more time for
students to practice their multiple intelligences continuously.
3. Recommendations for further studies

3.1 Further studies about the development of multiple intelligences should be a
longitudinal research study where researchers should track the development of students’
multiple intelligences from time to time to see changes of their intelligence.

3.2 Further studies should be conducted to find out sufficient numbers of
learning activities and appropriate time for students in which they would have more
development of science process skills, as well as qualitative data collection should be
included.

3.3 Further studies should be aimed to investigate learning outcomes, multiple
intelligences and creative thinking of students in groups which includes four learning styles.

3.4 Further studies should explore the effects of science learning activities
based on 4MAT System with other variables such as retention, creative problem solving
skill.

3.5 Further studies should be comparative between the effects of science
learning activities based on 4MAT System and science learning activities based on other

theories such as Constructivism.
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TABLE 18 THE RESULTS OF ASSESSING AND EVALUATING THE ITEM OBJECTIVE

252

CONGRUENCE (IOC), ITEM DIFFICULTY (p) AND ITEM DISCRIMINATION (r) OF THE

ACHIEVEMENT TEST

Section 1
Iltem No. I0C p r
1 0.67 0.22 0.42
2 0.67 0.70 0.67
3 0.67 0.61 0.33
4 1.00 0.59 0.67
5 1.00 0.57 0.67
6 0.67 0.39 0.42
7 1.00 0.41 0.33
8 1.00 0.44 0.67
9 1.00 0.24 0.25
10 0.67 0.59 0.33
11 1.00 0.44 0.58
12 1.00 0.61 0.33
13 1.00 0.52 0.50
14 1.00 0.48 0.33
15 1.00 0.52 0.42
16 1.00 0.46 0.33
17 1.00 0.79 0.25
18 1.00 0.74 0.38
19 1.00 0.57 0.50
20 1.00 0.41 0.25
21 1.00 0.46 0.38
22 1.00 0.59 0.25
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TABLE 17 (continued)

Section 2
Iltem No. I0C p r
1 1.00 0.29 0.25
2 1.00 0.35 0.46
3 1.00 0.62 0.42
4 1.00 0.44 0.38
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TABLE 19 THE RESULTS OF INDEX OF CONGRUENCE FOR CONSTRUCT VALIDITY OF
RESEARCH INSTRUMENTS AS EVALUATED BY 3 EXPERTS

Research instruments X Result
1. Learning styles questionnaires 1.00 Strongly
congruence
2. Multiple intelligences assessment 1.00 Strongly
congruence
3. Science process assessment for elementary 0.97 Strongly
students congruence
4. Attitudes toward science measures 0.98 Strongly
congruence
5. Evaluation form of creative thinking 0.98 Strongly
congruence
6. The students’ opinions toward science learning 1.00 Strongly
activities interview form congruence
7. The teachers’ opinions toward science learning 1.00 Strongly
activities interview form congruence
Note: 0.75-1.00 = strongly congruence
0.50-0.75 = congruence

Less than 0.50 = have to modify
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MANOVA Assumption Check

1) Descriptive statistic tested the normality of dependent variable

TABLE20 SKEWNESS AND KURTOSIS OF CRITERION TEST

Criterion Test Skewness Kurtosis
Achievement 0.243 -1.066
Science process skills 0.427 -0.579
Attitudes toward science 0.381 -0.439
Multiple intelligences -0.616 -0.357

2) Correlation between dependent variables

TABLE 21 PEARSON’S CORRELATION AMONG DEPENDENT VARIABLE

Criterion test Achievement Science Attitudes Multiple
process skills toward intelligences
science

Achievement 1 0.649** 0.436** 0.062

Science process skills 0.649** 1 0.350™** -0.118

Attitudes toward 0.436** 0.350** 1 -0.029

science

Multiple intelligences 0.062 -0.118 -0.029 1
**p<0.01

3) Variance-Covariance Matrices tests

TABLE 22 BOX'S TEST OF EQUALITY OF COVARIANCE MATRICES

Box's M F df1 df2 Sig.

91.754 1.133 60 2768 0.227




4) Homogeneity of variance among criterion tests

TABLE 23 LEVENE'S TEST OF EQUALITY OF ERROR VARIANCES
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Criterion Test F df1 df2 Sig.
Achievement 2.067 7 55 0.063
Science process skills 1.703 7 55 0.127
Attitudes toward 0.726 7 55 0.651
science
Multiple intelligences 0.484 7 55 0.842
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APPENDIX E

5.1 Pictures from the Science Learning Activities Implementation

5.2 Samples of Students’ Tasks
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