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This study was aimed at enhancing creative productivity for scientifically gifted and
talented (G/T) students by using 4E-C learning model developed by the researcher. This new
learning model was based on the three-ring conception of giftedness, enrichment triad model,
the 5-E instructional model, and modeling method. It consists of 4 phases: encouraging issues,
experiments for modeling, creation of new model, and exhibition. Its activities focus on creating
new physics models out of the students’ own interest and reading of contemporary physics
journals. Students also have opportunities to present their creative products in order to improve
their communication skills. In this study, the 4E-C learning model was used to teach 22
scientifically G/T students who took an elective physics course, Energy in Daily Life, for 40
periods in the first semester of 2007 at Mahidol Wittayanusorn School (Public Organization).

The results of this study indicated that after scientifically G/T students had learned
through, the 4E-C learning model, their creative productivity and attitudes toward physics were
significantly higher at the .01 level. The students could creatively reflect their learning. The
students had positive opinions on the 4E-C learning model. The students thought that learning
activities were very interesting. It allowed them to create their own products. Moreover, the
teachers participating in this study had positive opinions on this learning model. They thought
that it was student-centered approach. The students could fulfill their high potential, especially

their creative productivity, by using this model.
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CHAPTER 1
INTRODUCTION

Background

Thailand’s National Education Act of 1999 recognizes the rights of high ability students
and firmly declares to develop these students to their fullest potential. Schools are required to
provide an equal educational opportunity for all gifted and talented (G/T) students to develop
them to their potential. This means it allows G/T students the right to educational experiences
appropriate to their level of development. For truly equal opportunity, a variety of learning
experiences must be made available, at all levels, so that all children can develop their special
skills and abilities to the utmost. All students have individual learning styles, interests,
motivations, career goals, development levels, and socio-cultural conditions. So a school
needs to several programs that respond to the students’ needs. In Thailand most of the
research work on G/T students was carried out on primary school teaching, but significantly
less at the secondary school level. There were even fewer research studies on the teaching of
science to G/T students. However, the important problem is that teachers do not have a good
understanding about the design of teaching and learning strategies for nurturing G/T students.

G/T students have many high level abilities, so that it is difficult to provide a suitable
education for them. The theory that is most important when talking about creative gifted person
is Renzulli’s the three-ring conception of giftedness (Sternberg; & Davidson. 2005: 53-92; citing
Renzulli. 1986). This theory attempts to portray the main dimensions of human potential for
creative productivity that is above average ability, task commitment, and creativity. This theory
believes that those who are creative gifted persons have to have those three traits. Moreover,
Howard Gardner (Gary; & Sylvia. 1998: 21) introduced a seven-part conception of intelligence
which has become known as the theory of multiple intelligences. Many educators see Gardner’'s
seven intelligences as seven types of intellectual giftedness. Any one person may be gifted in
one or several areas. The seven areas of intelligence are linguistic, logical-mathematical,
spatial, musical, bodily-kinesthetic, interpersonal, and intrapersonal intelligence. The areas that
should be developed are logical-mathematical and spatial intelligence because they are

involved in learning of science and technology which have a very important role for the present



and future world. Especially in the developing countries such as Thailand, we need scientists
or specialists in technology to help our society. One of the interesting issues in science
education that was presented at the annual meeting of National Association for Research in
Science Teaching (NARST) Philadelphia, PA (NARST. 2003: Abstract), mentioned that physics
was the least enrolled course in United states high school science. Also, in Thailand physics
enrollment is still a problem. Therefore, this is an important field that is still troubled with many
issues. Physics teachers still teach physics through rote-memory and lecturing. Laboratory and
students’ products that enhance thinking skills of students are the least emphasized.

Today there are programs and strategies for nurturing giftedness and talents in
science. Patricia and Miller (Patricia; & Miller. 2000: Abstract) surveyed the practices of
teachers of G/T students and found that there are many teaching models for their students.
The survey showed that Bloom’s Taxonomy of Educational Objectives was used by most
teachers, the second most used was Renzulli’'s Enrichment Triad, the third was Parnes’
Creative Problem Solving, and the fourth was Taylor's Multiple Talents. For innovative
programs, Nina Buchanan and Bill Woerner (Buchanan; & Woerner. 2002: Abstract) indicated
that in the past the comprehensive high school model worked well for many G/T and other
students. They examined 5 high schools that successfully met the needs of G/T students
through innovative curricular programs, which featured small learning communities and
supportive structures such as small advisory groups, real world connections, authentic
assessment, and teachers who facilitate learning. Schools and teachers should understand
about what feature programs are available and develop program models or strategies that
depend on the context of their school and students. The Center for Gifted Education at the
College of William and Mary (Van-Tassel-Baska. 1998:6) has, in the past six years, spent
considerable time addressing issues of appropriate science curriculum and instruction for high
ability students. They found that one of the important components is the emphasis on inquiry.
The more students can construct their understanding about science for themselves, the better
able they will be to encounter new situations and apply the appropriate scientific processes to
them. There are instructional models that are based on inquiry method or learning cycle. One of
those important instructional models that are useful for physics instruction is modeling method
or modeling cycle. Malcolm Wells and David Hestenes (Wells; & Hestenes. 1995: Abstract)
showed that this model helped students to construct and use scientific models to describe,
explain, predict, and control physical phenomena. Also, the modeling method can produce

much larger gains in student understanding than alternative methods of instruction.



Recently, Carolyn R.Cooper, Susan M.Baum; & Terry W.Neu (Cooper; Baum; & Neu.
2004: Abstract) presented a model of talent development titled Project High Hopes. It is highly
successful in identifying and developing scientific talent in G/T students. The factor that
contributed to the success of the model was that the emphasis was on helping students
become creative producers. The model also featured a strong mentoring component that
included role-modeling and problem solving within specific scientific domains and provided
students with authentic, discovery-based, experiential, and advanced level subject matter of the
domain. Finally, the alternative means of assessing student achievement focused on a
student’s performance and the product he or she created rather than on test scores. These
performances resulted in the students’ shifting their identity from loser to winner.

Moreover, Newman, Jane L. (Newman. 2004: Abstract) examined a set of lessons in
integration of the Talent Unlimited Model with 10 steps for completing a Type Il activity, small
group investigation of real problem. This study is to determine the effects of these lessons on
the quality of students’ creative products and on the number of students who completed their
products. The result of this study indicates that following this model helps students complete
their products. For the Type Il activity, students are set in small groups to do project and work
in areas of study and problems that are personally relevant.

These programs work well for G/T students in elementary school. However, for
secondary school, the programs should be adapted, especially for scientifically G/T students.

Therefore, the purpose of this research is to develop the new learning model to
enhance creative productivity in scientifically G/T students by using content of physics of energy
and life. Because this content can obviously show students how physics can be involved in
their real life and nowadays it is a concerned problem. Moreover, students can understand and
help our country searching renewable energy in the future.

This new learning model is based on the three-ring conception of giftedness,
enrichment triad model, modeling method, and the 5-E instructional model. This model is
called, for convenience, the 4E-C learning model. 4E-C stands for names of 4 phases that are
Encouraging issues, Experiment to model, Creation of new models, and Exhibition. And there is
“Evaluation” for every phase in the model. All phases motivate G/T students, enhance them
how to create new models, especially in context of energy, and give G/T students an
opportunity to present their product in a real exhibition. This learning model also guides the

teachers as well as the schools or organizations that are involved in gifted education to help



G/T students to improve not only their creative productivity, but also to prepare them to become

a scientist or a specialist in the future.

Research objectives

This study was designed to enhance creative productivity in scientifically G/T students
by using the 4E-C learning model that was developed by the researcher. The objectives of this
study are:

1. To develop and implement a learning model, the 4E-C learning model, for

enhancing creative productivity of scientifically G/T students

2. To study the results of implementing the 4E-C learning model on students’ creative

productivity.

3. To study the results of implementing the 4E-C learning model on students’ attitude

toward physics.

4. To determine students’ learning reflection from learning activity of the 4E-C learning

model.

5. To determine students’ opinions on the 4E-C learning model.

6. To determine teachers’ opinions on the 4E-C learning model.

Significance of the Study

The researcher developed the new learning model that enhanced creative productivity
for scientifically G/T students in order to apply creative productivity and knowledge to real life.
Moreover, they were able to conduct original product that was basic to creating innovation in
the future and become a creative producer. All of these are very useful for science and
technology as a whole.

In addition, their learning model was designed to guide physics teachers in developing

learning model for scientifically G/T students.



Delimitation of the study

Population and samples
Subjects
1. Scientifically G/T students who were in grade 10 at Mahidol Wittayanusorn
School, Nakhon Pathom, Thailand.
2. All teachers who teach physics at Mahidol Wittayanusorn School, Nakhon
Pathom, Thailand.
Sample
1. 22 scientifically G/T students in grade 10 at Mahidol Wittayanusorn
School who voluntarily took an elective physics course in the first
semester, 2007.
2. Two teachers who had teaching experience with scientifically G/T at least
5 years at Mahidol Wittayanuson School at Nakhon Pathom, Thailand.
Variables
1. Independent variable
1.1 The 4E-C learning model that enhances creative productivity in
scientifically G/T students
2. Dependent variables
2.1 students’ creative productivity
2.2 students’ attitude toward physics
2.3 students’ learning reflections
2.4 students’ opinions of the 4E-C learning model

2.5 teachers’ opinions of the 4E-C learning model

Definitions of terms

1. ‘4E-C learning model’ means the new learning model that enhances creative
productivity of scientifically G/T students developed by the researcher. This model is based on the
three-ring conception of giftedness, the Enrichment Triad Model, modeling method, and the 5-E

instructional model. The name was derived from the names of phases and evaluation that is used



for every phase in the model. All the phases are Encouraging Issues, Experiments for Modeling,
Creation of New Model, and Exhibition phases.

Phase 1: Encouraging Issues, it is the beginning phase of this model. The teacher
allows students to study and search any issues or information on the topic by themselves.
Then, each group presents their issues and discusses about that topic in a classroom. In the
final part of this phase the teacher and students conclude with summary every topic presented
by students together. In this phase the teacher is a coordinator of discussion.

Phase 2: Experiments for modeling, this is the second phase of the model. It is guided
inquiry phase. Teacher is a facilitator. This phase consists of creative experiments that
enhance modeling. Students can practice to design the experiments and to model both of
physical model and mathematical model by themselves. After that they present their
experimental designs and models in the classroom. The teacher gives students suggestion to
improve those experiments. In this phase the teacher assesses students’ product and
presentation by using Student Product Assessment Form based on the Student Product
Assessment Form of Reis and Renzulli (1991: 128-134) and Performance Assessment Form of
the Institute for the Promoting of Teaching Science and Technology (IPST) (IPST. B.E. 2543:
306-310).

Note: these two phases can be alternately switched back and forth until the teacher
considers that students are ready to create their own real physics models by checking student’
s creative productivity scores. These scores can be assessed by Student Product Assessment
Form. If students’ scores in the last activity are higher than the first activity, then students can
do project in phase 3. Also, the teacher considers from students’ learning reflection that
shows students’ ability whether or not they are ready to do project in phase 3. Then, students
are allowed to go to the next phase. These two phases should consume 1/3 time of all phases.
Before going to the third phase students should come up with questions involving problems in
phase 1 and 2. Teacher should help student asking questions that can guide students to
thinking about variables in their projects in phase 3.

Phase 3: Creation of new model, this is the third phase of the model. It is an
independent inquiry phase. Teacher divides students into small groups. Each group finds out
what topic they want to create a new model for. Students do science projects. They design
experiment to create new model or adapt old experiments to create model in the new situation.
Teacher should give them advice on doing experiment and creating physics model. This phase

should allow students to have enough time to do their products. Teacher should find many



resources for students to study and search for any information on their products. Teacher
assesses their products by using Student Products Assessment Form

Phase 4: Exhibition, this is the last phase. Teacher should arrange the exhibition for
presentation of students’ products. This phase gives students an opportunity to present and
share their own products to their friends in the classroom and other students who attend this
presentation. This phase makes students feel more confident with their ability and give them
practice in communication skill. Teacher assesses this phase by using presentation item in
Student Product Assessment Form.

2. ‘Scientifically gifted and talented students’ means students who have good attitude
toward science, characteristics of a scientist, and who are top 240 of the highest score student
group that are identified by following process:

1. Students’ GPA: Students must have GPA of science and mathematics not less
than 3.00, and GPAX of every subject not less than 3.00.

2. Paper-pencil tests: 480 students who pass paper-pencil mathematics and
science tests are accepted to the academic camp.

3. Academic camp: 480 students join academic camp for 4 days and 3 nights.
While in the camp students do many science activities and also take three
tests. There are unseen mathematics, creative science, and problem solving
tests. Moreover, students take Scholastic Aptitude Test (SAT), Intelligent
Quotient (1Q), The Strength and Difficulty Questionnaire (SDQ) and Youth Self
Report (YSR) test.

The criteria for identification as gifted students
1. T-score from SAT is not less than 60.

2. 1Q score is not less than 110.
3. SDQ and YSR are not negative.
4. Top 240 students are selected by experts.

3. ‘Students’ creative productivity’ means the ability of students to develop original
products that are purposefully designed to have an impact on one or more targets by putting
creative ability to work in areas of study and problem. Students’ creative productivity is
measured by the Student Product Assessment Form and student’s learning reflection form.

4. ‘Student attitude toward physics’ means the attitude stated by students toward

physics. It is measured by scientifically G/T students’ attitudes toward physics questionnaire



based on program evaluation of science enrichment programs for gifted students (Stake; &
Mares. 2001: 1065-1088).

5. ‘Student’s learning reflection’ means the learning experiences that are reflected by
students after they learn through the 4E-C learning model. It is measured by students’ learning
reflection form developed by the researcher.

6. ‘Student opinions’ means the opinions expressed by students toward the 4E-C
learning model by using student interview protocol developed by the researcher.

7. ‘Teacher opinions’ means the opinions expressed by teachers toward the 4E-C

learning model by teacher interview protocol developed by the researcher.

Theoretical framework

1. The three-ring conception of giftedness: developmental model for promoting creative
productivity (Sternberg; & Davidson. 2005: 53-92; citing Renzulli. 1986.)

The three-ring conception of giftedness is a theory that attempts to portray the main
dimensions of human potential for creative productivity. The name derives from the conceptual
framework of the theory, namely, three interacting clusters of traits (above average ability, task
commitment, and creativity) and their relationship with general and specific areas of human
performance. Moreover, these three traits will be embedded on white-black background that
represents environmental and personal factors to support the three rings. Gifted behavior
consists of behaviors that reflect an interaction among three basic clusters of human traits--
these clusters being above average general and/or specific abilities, high levels of task
commitment, and high levels of creativity. G/T children are those possessing or capable of
developing this composite set of traits and applying them to any potentially valuable area of
human performance. Children who manifest or are capable of developing an interaction among
the three clusters require a wide variety of educational opportunities and services that are not
ordinarily provided through regular instructional programs. The three-ring conception of

giftedness is shown in Figure 1.
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Figure 1 Three-ring conception of giftedness

Renzulli, J.S. (2006). "Three-ring conception of giftedness.” (Online).

This theory believes that if we want to develop G/T students to be creative producer, we
have to combine the three rings together. This theory also believes that G/T students can have

high potential abilities, so we need to develop them to high level.

2. Enrichment Triad Model (Renzulli. 1994: 147-151)

The enrichment triad model is the best known and most widely used model for guiding
what to do for gifted students. There are three steps and the model consists of three
interrelated types of enrichment:

Type | enrichment offers students a wide range of experiences and activities in order to
introduce a variety of topics. These may be facilitated through any number of outlets, including:
printed materials, electronic media, field trips, etc.

Type | moves students beyond the regular curriculum to potentially exciting areas of

interest such as physics, chemistry, astronomy, music, etc.

Type Il enrichment is designed to give students the skills necessary to carry out

investigations and develop a range of thinking and feeling processes which include:

e research skills
¢ higher-order thinking

e communication skills
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Type lll enrichment, however, is perhaps the most suitable for gifted and talented
students. Within this aspect of the model, students investigate real problems individually or in
small groups. This type emphasizes that students should emulate professional investigators and
select appropriate audiences for final products.

However, these three types of enrichment in nature are always unnecessary to be
sequential, but they can flow freely from one to the other. As illustrated in the following model
portrayed in Figure 2, students may move from a type | activity to type Ill, and from there back

to type II.

Type I: General exploratory activities ] Type II: Group training activities

\__l {} Type llI: Individual or small-group u {}
7} investigations of real problems <—\

Regular curriculum L/ Enrichment in group \)

Figure 2 Enrichment Triad Model

Davis, G.A.; & Rimm, S.B. (1994). Education of The Gifted and Talented. p. 148.

3. Modeling cycle or modeling method (Wells, M.; Hestenes, D.; & Swackhamer, G. 1995:
606-619)

The modeling method has two stages: Model development and model deployment.

Stage | is designed to lead students systematically through the four main phases of
model development: description, formulation, ramification, and validation. Modeling begins with
description. Throughout the descriptive phase the teacher functions as a moderator. At the
conclusion of the descriptive stage, the students are directed, collectively, to identify

quantitatively measurable parameters expected to exhibit some cause-effect relationship. In the
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ramification stage, the special properties and implications of the model are worked out. The

validation stage is concerned with empirical evaluation of the ramified model.

Stage Il is devoted to deployment of the model developed in stage | to a variety of new

physical situations in a variety of different ways. This helps free the students’ understanding of

the model from the specific context in which it was developed. The general model development

is shown in Figure 3.

| Description stage

Object Description
¢ Type
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€ Obiect variables

il

il

Process Description

4 Reference System

€ State variables
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4 Type and agent
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JL il
[ Dynamical laws ] [ Interaction Laws ]
"""""""""""""" L - il I

Il Formulation stage
Model Object

Descriptive variables

Equations of change

¢
¢
4 Equations of constraint
L 4

Roundarv conditions

[
Il Ramification stage Ramified Model

4 Emergent Properties

® Processes

IV Validation stage

Figure 3 General model developments

Hestenes, D. (1987). "Toward a Modeling Theory of Physics Instruction.” American

Association of Physics Teachers. 55(5): 443.

4. The 5-E instructional model (Lorsbach. 1998: online)

The learning cycle or the 5-E instructional model is one of constructivist approach to

education. This model consists of five stages:
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Engage: In this stage teachers want to create interest and generate curiosity in the
topic of study. This is also a good opportunity for teachers to identify misconceptions in
student’s understanding.

Explore: During the Explore stage students should be give opportunities to work
together without direct instruction from the teacher. Teachers should act as a facilitator helping
students to frame questions by asking questions and observing. Students should be puzzled.
This is the opportunity for students to test predictions and hypotheses and discuss them with
peers, record observations and ideas and suspend judgment.

Explain: During Explain, teachers should encourage students to explain concepts in
their own words, ask for evidence and clarification of their explanation, listens critically to one
another's explanation and those of the teacher. Students should use observations and
recordings in their explanations.

Extend: During Extend, students should apply concepts and skills in new situations
and use formal labels and definitions to remind students of alternative explanations and to
consider existing data and evidence as they explore new situations.

Evaluate: Evaluation should take place throughout the learning experience. Teachers
should observe students’ knowledge and/or skills, application of new concepts and a change in

thinking. Students should assess their own learning.

5. The new model “4E-C learning model”

This model was developed by the researcher and based on four of the theories that
were the three-ring conception of giftedness, Enrichment triad model, modeling method, and the
5-E instructional model. The name was derived from the names of phases and evaluation that
is used for every phase in the model. All the phases are Encouraging Issues, Experiments for
Modeling, Creation of New Model, and Exhibition phases. This learning model is based on the
same belief as the three-ring conception of giftedness. The design of learning model is based on
the Enrichment Triad Model and the learning cycle. For phase 2-3 students conduct experiments

and projects by following modeling method. The 4E-C learning model is shown in Figure 4.
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Evaluation

Figure 4 The 4E-C learning model

Phase 1: Encouraging Issues, it is the beginning phase of this model. First of all, a
teacher divides students into small groups and, after that, gives them an interesting topic that
they are going to study. The teacher allows students to study and search any issues or
information of that topic by themselves. Then, each group presents their issues and discusses
about that topic in the classroom. In the final part of this phase the teacher and students
together conclude topics presented by student with summaries. In this phase the teacher is a
coordinator of discussion. Teacher also observes students’ presentations and discussion in the

classroom.

Phase 2: Experiments for modeling, this is the second phase of the model. It is a
guided inquiry phase. There are two teachers in this phase. First teacher is physics teacher.
Second teacher is physics laboratory assistant teacher. Teachers are facilitator. First, the
teacher divides students into small groups and explains how to create model in physics by
following modeling method. This phase consists of creative experiments that enhance
modeling. Students can practice to design the experiments and to model both physical model

and mathematical model by themselves. After that they present their experimental designs and
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models in the classroom. The teachers give them suggestion to improve their experimental
design. In this phase the teachers assessed students’ product and presentation by using
Student Product Assessment Form.

Note: these two phases can be alternately switched back and forth until the
teacher considers that students are ready to create their own real physics models by checking
student’'s creative productivity scores. These scores are assessed by Student Product
Assessment Form. If students’ scores in the last activity are higher than the first activity, then
students can proceed to do project in phase 3. Also, the teachers consider from students’
learning reflection form that shows students’ learning reflection whether or not they are ready to
do project in phase 3. Then, students are allowed to go to the next phase. These two phases
should consume 1/3 time of all phases. Before going to the third phase students should come
up with questions involving problems in phase 1 and 2. Teacher should help student asking

questions that can guide students to thinking about variables in their projects in phase 3.

Phase 3: Creation of new model, this is the third phase of the model. It is an
independent inquiry phase. Teacher divides students into small groups. Each group finds out
what topic they want to create a new model for. Students do science projects. They design
experiment to create new model or adapt experiments in phase 3 to create model in the new
situation. Teacher should give them advice on doing experiment and creating physics model.
This phase should allow students to have enough time to do their products. Teacher should
find many resources for students to study and search for any information on their products.
Teachers assess their products by using Student Products Assessment Form.

Note: there should be at least three teachers for assessing students’ creative

productivity by using Student Product Assessment Form.

Phase 4: Exhibition, this is the last phase. Teacher should arrange the exhibition for
presentation of students’ products. This phase gives students an opportunity to present and
share their own products to their friends in the classroom and other students who attend to
presentation. This phase makes students feel more confident with their ability and gives them
practice in communication skill. Teachers assess this phase by using presentation item in

Student Product Assessment Form.



Research hypotheses

1. Scientifically G/T students, who learn through the 4E-C learning model, have
higher creative productivity post-test scores than pre-test scores.

2. Scientifically G/T students, who learn through the 4E-C learning model, have
higher attitudes toward physics post-test scores than pre-test scores.

3. Scientifically G/T students, who learn through the 4E-C learning model, have
correct and reasonable learning reflection of using the 4E-C learning model.

4. Scientifically G/T students, who learn through the 4E-C learning model, have
positive opinions toward the 4E-C learning model.

5. Teachers, who implemented the 4E-C learning model, have positive opinions

toward the 4E-C learning model.
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CHAPTER 2
REVIEW OF RELATED LITERATURE

This chapter reviews related literature that is relevant to the research objectives and the
circumstances in which they are explored. The literature review aimed to identify the various

exemplary perspectives of science education and gifted education that can be used to explain:

—_

Definitions of giftedness

The three ring conception of giftedness

The research related to the three ring conception of giftedness
Characteristics of scientifically gifted and talented students
Identification of scientifically gifted and talented students
Science programs for gifted and talented students

Enrichment triad model

The research related to enrichment triad model and creative productivity

© o N o> a A~ DN

Developing model in physics

—_
o

. The modeling cycle or modeling method of instructional model

—_
-

. Research related to modeling method

—_
N

. The learning cycle or the 5-E instructional model

-
w

. Research related to learning cycle

1. Definitions of giftedness

Defining gifted and talented is both an important and complicated matter. There is no
one definition of gifted, talented, or giftedness that is universally accepted. A central feature of
any definition of gifted is the concept of intelligence. One definition of gifted children now in
use is based on superior performance rather than on measures of potential or aptitude.
Nowadays there are some widely used definitions of giftedness. They are Howard Gardner’'s
seven intelligences, Sternberg’'s triarchic theory, Sternberg’s implicit theory of giftedness,

Guilford’s model of intelligence, and Renzulli’s the three-ring conception of giftedness.
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In Howard Gardner’s seven intelligences theory of multiple intelligences (Gary; & Sylvia.

1998: 21-22), children can be on several different dimensions and can be said to be gifted in

one or more of them. Gardner believed that it would be useful to consider seven distinctive

types of intellectual behavior:

1.

Linguistic (verbal) intelligence, the ability to use language in written and oral
expression to aid in remembering, solving problems, and seeking new answers
to old problems.

Logical-mathematical intelligence, the ability to use notation and calculation to
aid deductive and inductive reasoning.

Spatial intelligence, the ability to represent and manipulate three-dimensional
configurations.

Musical intelligence, the ability to discriminate pitch, hear themes, and produce
sensitive music through performance or composition; sensitive to rhythm,
texture, and timbre.

Bodily-kinesthetic intelligence, the ability to use all or part of one’s body to
perform a task or fashion a product.

Interpersonal intelligence, the ability to understand the actions and motivations
of others and to act sensibly and productively based on that knowledge.
Intrapersonal intelligence that is a person understanding of self, thinking styles,
feelings, emotions-and intelligences. Also, it includes the ability to use that

knowledge in planning and carrying out activities.

Sternberg’s triarchic theory of intellectual giftedness (Colangelo; & Davis. 1997: 43-53)

focused on three major dimensions of intelligence. The three dimensions include 1) how we

process information through an internal representation of the world, 2) how we use past

information to deal with current situations, and 3) how we adapt to real-life environments. Also,

he believes that intellectual giftedness cannot be represented by an IQ number only. Analytic

giftedness is the academic talent measured by typical intelligence tests, mainly analytical

reasoning and reading comprehension. Synthetic giftedness refers to creativity, insightfulness,

intuition, or the ability to cope with novelty. Such persons may not have the highest IQ scores,

but may create the greatest contributions to society. Practical giftedness involves applying

analytic and/or synthetic abilities efficiently to everyday, realistic situations. Sternberg’s
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“implicit” Theory of Giftedness (Heller; Monks; & A.H. 1993: 185-207) specifies five essential

and adequate conditions that gifted persons have in common:

1.
2.

Excellence. A gifted person must be enormously good at something.

Rarity. He or she must own a high level of a feature that is unusual relative to
peers.

Productivity. The superior trait must lead to productivity.

Demonstrability. The trait also must be demonstrable through one or more valid
tests.

Value. The superior performance must be in an area that is valued by society.

Guilford’s model of intelligence (Khatena. 1982: 48-49) is a comprehensive extension of

the multifactor theory that takes the form of a three-dimensional model. It consists of five kinds

of mental operations, four kinds of contents, and six kinds of informational forms or products,

making a total of 120 possible intellectual abilities-each different from the rest by its unique

combination of the mental operation, content, and product. The model of intelligence is shown

in Figure 5.
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LIVERGEMT PROCUCTION
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COGHITION

Figure 5 The structure of intellect

Joe Khatena. (1982). Educational Psychology of The Gifted. p.49.

Operation. In the operation intellectual activities involved are the processing of the raw

materials of information by a person. In brief, the operation of cognition is knowing and a

matter of constructing items of information; the operation of memory relates to the fixing in the
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brain of information; the operations of divergent and convergent production are both similar-
each depends on recovery of information from storage-and drastically different, in divergent
production, the situation is more or less open concerning when a number of different
productions are logically possible and may occur, but in convergent production, the given
information is so limiting that only one response is fully acceptable; the operation of evaluation
involves comparison and judgment relative to certain criteria.

Content. Broad classes of information in terms of their substantive nature - visual,
auditory, and kinesthetic; content related to concrete forms of information supposed or recalled
as images; symbolic content relates to information in the form of denotative signs that in
themselves have no importance when the things in which they reside are not considered;
semantic content related to information; and behavioral content related to essentially nonverbal
information that involves the attitudes, needs, desires, moods, intentions, perceptions, thoughts,
and the like, that occur in human interactions.

Product. The forms that information takes when a person briefly processes it: units are
things taken as wholes and without analysis; it is through their diverse combinations that the
remaining five product forms are derived; classes are three or more units of information that are
grouped together by good value of their common properties; relations are associated units of
information that are significantly connected; systems are organized sets of units of information
that are complexes of interrelated or interacting parts; transformations are changes in
information or in its operation that involves redefinition, revisions, and implications are
extrapolations of information that takes the form of expectancies, predictions, or known

consequences.

2. Renazulli’s The three-ring conception of giftedness

Joseph S. Renzulli (Sternberg; & Davidson. 2005: 53-92; citing Renzulli. 1986.)
describes three-ring conception of giftedness in a theory that attempts to give the key
dimensions of human potential for creative productivity. The conceptual framework, three
interacting clusters of traits, is as presented in Figure 1.1 (above average ability, task
commitment, and creativity and their relationship with general and specific areas of human
performance). The three-rings are embedded in a Houndstooth background that represents the

interaction between personality and environmental factors that give rise to the three rings. It is
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important to point out that no single cluster makes giftedness. It is also important to point out

that each cluster plays an important role in contributing to the development of gifted behaviors.

2.1 The traits of giftedness

Well above average ability

Well above average ability can be defined in two ways: general ability and specific
abilities.  General ability consists of the capacity to process information, to integrate
experiences that result in proper and adaptive responses in new situations, and the capacity to
engage in abstract thinking. Specific abilities consist of the capacity to acquire knowledge, skill,
or the ability to perform in one or more activities of a specialized kind and within a restricted
range. These abilities are defined in a manner that represents the ways in which human
beings express themselves in real-life situations. Each specific ability can be further subdivided
into even more specific areas. Within this model the term above average ability will be used to
describe both general and specific abilities.

Task commitment

A second cluster of traits that consistently has been found in creative-productive
persons is a refined form of motivation known as task commitment. The terms that are most
frequently used to describe task commitment are perseverance, endurance, hard work,
dedicated practice, self-confidence, and a belief in one’s ability to carry out important work.

Creativity

The third cluster of traits that characterizes gifted persons consists of factors that are
usually lumped together under the general heading of creativity. The persons, eventually
selected for intensive study the many research projects discussed, were recognized for their
creativity through their creative accomplishment. Mackinnon’s (Cognard. 2000: online; citing
Mackinnon. 1964: 360) used the following dimensions of creativity:

1. Originality of thinking and freshness of approaches to architectural problems.

2. Constructive ingenuity

3. Ability to set aside established conventions and procedures when appropriate.

4. A flair for devising effective and original fulfillments of the major demands of
architecture, namely, technology, visual form, planning, and human awareness and social
purpose.

Moreover, this theory can be explained in more general and specific performance areas

shown in Figure 6.
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General performance areas
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Figure 6 Graphic representation of the three-ring definition of giftedness

Sternberg; & Davidson. (2005). The Conception of Giftedness. p.257.

2.2 New dimensions to the three-ring conception of giftedness

Additional research and theory development has led to a new dimension of the model
that calls attention to a series of six co-cognitive factors. A comprehensive review of the
literature and a series of Delphi technique studies led to the development of an organizational
plan for studying the 6 components and 13 subcomponents presented in Figure 7. These traits
are considered as co-cognitive factors because they interact with and enhance the cognitive
traits that are ordinarily associated with the development of human abilities. The two-directional
arrows in this diagram are intended to point out the many interactions that take place between
and among the Houndstooth components.

This new initiative was prompted by a longstanding research. It concerns with the role
that gifted education should play in preparing persons with high potential for ethical and
responsible leadership in all walks of life. Also a concern for the well-documented decline of

social capital differs from economic and intellectual capital in that it focuses on a set of
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intangible assets that address the collective needs and problems of other individuals and our
communities at large. This kind of capital generally enhances community life and the network

of obligations. The Operation Houndstooth is shown in Figure 7.

OPERATION HOUNDSTOOTH

OPTIMISM COURAGE <:\:>QOMANCE WITHA TOPIC
e Hope <:$ e Psychological/intellectual OR DISCIPLINE
e Positive feeling independence e  Absorption
from hard work e  Moral conviction ® passion
PHYSICAL/MENTAL ENERGY VISION/SENSE OF DESTI
SENSITIVITY TO HUMAN e charisma e sense of power to
CONCERNS e  curiosity change things

e insight < > < > e sense of direction

e empathy e  pursuit of goals
diversity
WISDOM balance
SATISFYING LIFESTYLE harmony
THE PURSUIT OF HAPPINESS proportion

Figure 7 OPERATION HOUNDSTOOTH
Sternberg; & Davidson. (2005). The Conception of Giftedness. p.269.

3. Research related to the three-ring conception of giftedness

Renzulli (Renzulli. 1978: 180) presented an article that analyzed some past and current
definitions of giftedness. He reviewed studies that dealt with characteristics of gifted
individuals. This article supported the three-ring conception of giftedness in that no single
criterion should be used to identify giftedness. Persons who have achieved recognition
because of their unique accomplishments and creative contributions possess a relatively well-

defined set of the three interlocking clusters of traits.
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Renzulli (Renzulli. 1988: 18-25) also examined some of the commentary on criticism
that had been directed toward the three-ring conception of giftedness since its original
publication in 1978. This study found that the three-ring conception of giftedness can develop
gifted behaviors.  Major change includes shifting emphasis from being gifted to the
development of gifted behaviors, labeling services rather than students, and making changes in

guidelines to bringing them into line with present day research.

4. Definitions of scientifically G/T students

Walberg (Walberg. 1982: 103) reviewed childhood traits of over 200 well-known people.
Walberg found traits of scientists group in those students in this group:

- Visited libraries for non school reading, had greater numbers of books at home,
enjoyed professional-technical books, and found books more interesting than
people.

- Had early strong interests in mechanical and scientific objects as well as the arts.

- Were more interested in work with fine details.

- Were more persistent in carrying things through; reported they had “less time to
relax.”

- Studied hard and completed their work faster than classmates.

- Felt more creative, imaginative, curious, and expressive than others and believed
it is important to be creative.

- Selected creativity as the “best characteristic to develop in life.”

- Indicated they were brighter and quicker to understand than their friends.

- Attached greater importance to money and expected to earn higher salaries than

the average; expected to earn graduate degrees.

Qualifications and Curriculum Authority (QCA) identifies gifted pupils in science that

they are likely to: (Qualificationa and Curriculum Authority. 2001: online)

- be imaginative
- read widely, particularly science

- have scientific hobbies and/or be members of scientific clubs
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be exceptionally interested in finding out more about themselves and things
around them

like researching obscure facts and applying scientific theories, ideas and models
when explaining a range of phenomena

be able to maintain their interest and go ahead of an obvious answer to
underlying mechanisms and greater depth

be questioning about how things work and why things happen

ask many questions, suggesting that they are willing to hypothesize and speculate
use different strategies for finding things out

think logically, providing credible explanations for phenomena

put forward objective arguments, using combinations of evidence and creative
ideas, and question other people's conclusions

decide rapidly how to investigate fairly and manipulate variables

consider alternative suggestions and strategies for investigations

analyze data or observations and spot patterns easily

strive for maximum accuracy in measurements of all sorts, and take pleasure in
them

make connections quickly between facts and concepts they have learned, using
more extensive vocabulary than their peers

think abstractly at an earlier age than usual and understand models and use
modeling to explain ideas and observations.

understand the concepts of reliability and validity when drawing conclusions from
evidence

be easily bored by over-repetition of basic ideas

enjoy challenges and problem solving, while often being self-critical

enjoy talking to the teacher about new information or ideas

be self-motivated, freely putting in extra time

show intense interest in one particular area of science to the exclusion of other

topics.
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Regional educational laboratory indicated scientific giftedness and Yager (Regional
educational laboratory. 2002: online; citing Yager. 1989: 223-248) indicated the same

characteristics of scientific giftedness:

- Strong curiosity about objects and environments

- High interest in investigating scientific phenomena

- Tendency to make observations and ask questions

- Ability to make connections between scientific concepts and observed phenomena
- Unusual ability to generate creative and valid explanations

- Interest in collecting, sorting, and classifying objects

James J. Watters presented characteristics of students gifted in science (Watters. 2004:

41-53) as shown in Table 1.
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TABLE 1: Characteristics of students gifted in science

characteristic

explanation

1. Seek meaning and explanation of phenomena

2. An awareness of the complexities of the world and

sensitivity to the environment including life and death.

3. Often categorize natural phenomena in abstract ways

4. Often exhibit intensive interest in particular areas of
science and persist in exploring these areas and
understanding concepts.

5. Will engage in collection of materials-stamps, insects,
objects.

6. Are tinkers wanting to pull objects apart and reassemble

7. Passionate interest in the origins of things.

8. Builders and constructors, puzzle solvers, detailed

artistic representations, well developed sense of space

9. Will gravitate toward people who are expert in fields of
interest.
10. Often anxious and single minded in explaining their

ideas.

A passion for exploration and finding out about things.
They possess a questioning nature. They tend to read
scientific or factual rather than fiction. Personal drive or
disposition to engage in long term explorations.

Gifted children are sensitive to their environment and seek
to organize it, structure it and understand its complexity
The scientifically gifted child might sort on the basis of
composition whereas others would sort out items on use,
shape, color or surface features.

Older students might exhibit interest well beyond the
interest level of peers. In high school display a persistence
and willingness to work beyond ordinary schedules often
in the face of physical discomfort.

A passion to accumulate as much information about
classes of objects as is possible.

Intrinsic interest in how thing works and a desire to
discover for themselves. This behavior reveals a strong
investigative nature. They will often build their own
instruments to conduct investigations.

Represents the child’s need to explain where they come
from leading to an understanding of the past and future.
The scientifically gifted often have strong visualization
skills and in adulthood often reason through diagrams and
spatial models. Evident in the search for patterns in
phenomena.

They seek like minds and mentors who are able to satisfy
their insatiable appetite for knowledge.

They assume that others are interested in what they are

and wish to share with them their interests.

Watters. (2004, June). ”In Pursuit of Excellence in Science.”

gifted education. 13(2): p. 4.

Australasian journal of

In conclusion, scientifically G/T children are children identified as being well above

average, high creativity, and high ability to process information in the past to new situation or to

create new science product. They have high interest in investigating scientific phenomena and
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high attitude toward science. They have also strong curiosity in science, task commitment to

doing any science stuff, and can learn science very fast science.

5. Identification of scientifically gifted and talented students

Nebraska State Department of Education (Nebraska State Department of Education.
2000: 37-46) guides identification of high-ability learners. Nebraskas’ schools have four-phase
process of the identification of high-ability students. It consists of planning, nomination,
screening, and selection.
Planning
- Develop an action plan of steps
- Specify many types of giftedness; underserved student populations; and
different content areas.
- Write a brief philosophy statement.
- Find, or develop, objective and subjective identification measures.
- Specify resources necessary
- Institute realistic strategies for colleting, analyzing, and managing student
identification data.
- Select members of implementation committee.
Nomination
Nomination, the next step in identification, casts the widest net. It utilizes a range of
objective and subjective procedures: Nominations from teachers, parents, school counselors
and psychologists, librarians, administrators, individuals from the community, and even students
are often quite productive.
Screening
All students who are nominated must be screened. It involves assessments of
particular relevance to different types of students with different interests and skills. There are
three major sources of information to identify high-ability students: performance, development,
and test.
Selection
The selection committee consists of teachers, principal, and gifted coordinator. It is

essential that the committee:



examine student data collected to determine inclusion for high-ability services
protect student identities and identification data

be impartial

be aware of the student’s need for high-ability services

notify parents of students who are identified

establish procedures so that decisions can be appealed

Finally, evaluation is used to improve the identification process. There are eight principles of

effective identification that might be considered in developing an identification plan:

Principle 1: Utilize identification procedures which acknowledge many types

of high ability.

Principle 2: Employ separate strategies to identify different aspects of high

ability.

Principle 3: Use reliable and valid tests (not only 1.Q. tests).

Principle 4: Find appropriate tests for underserved student populations.

Principle 5: View each child as unique.

Principle 6: Depend on multiple measures, not simply tests.

Principle 7: Recognize the disadvantages of “weighted” matrices for identification.

Principle 8: Select students on ability and need, not to satisfy institutional quotas.

Renzulli (Renzulli. 2006: online) presented a practical system for identifying gifted and

talented students. There are six steps of identification:

Step 1: Test Score Nominations

28

This system will divide the Talent Pool for students in half and will place all students

who score at or above the 92nd percentile in the talent pool. This approach guarantees that all

traditionally bright youngsters will automatically be selected, and they will account for

approximately 50 percent of the talent pool. Any regularly administered standardized test can

be used for this purpose, however, this system recommends that admission to the talent pool

be granted on the basis of any single test or subtest score. The identification system is shown

in figure 8.
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Figure 8 The Renzulli identification system

Renzulli, J.S. (2006). The Renzulli identification system. (Online).

Step 2: Teacher Nominations

Step two allows teachers to nominate students who display characteristics that are not
easily determined by tests. A teacher nomination form and rating scales are used for this
procedure. The rating scales are not used to eliminate students with lower ratings. Instead, the
scales are used to provide a composite profile of the nominated students. For the cases of
teachers who are over nominators, a request is made that they rank their nominations by order
for review by a school wide committee. Procedures for dealing with under-nominators will be
described in Step 4.

Step 3: Alternate Pathways

Alternate pathways are considered to be local options, and are pursued in varying
degrees by individual school districts. Decisions about which alternative pathways might be
used should be made by a local planning committee, and some consideration should be given
to variations in grade level.

This step generally consists of parent nominations, peer nominations, tests of
creativity, self-nominations, product evaluations and virtually any other procedure that may lead

to initial consideration by a screening committee.
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Step 4: Special nominations

This procedure involves circulating a list of all students who have been nominated
through one of the procedures in Step1 through 3 to all teachers within the school, and in
previous schools if students have matriculated from other school. This procedure allows
previous year teachers to nominate students who have not been recommended by their current
teacher, and it also allows resource teachers to make recommendations based on their own
previous experience with students who have already been in the talent pool. This step allows
for a final review of the total school population, and is designed to circumvent the opinions of
present year teachers. This step also helps to overcome the general biases of an under
nominator or a non-nominator.

Step 5: Notification and orientation of parents

In step 5, parents are informed about how admission to the talent pool is determined,
that it is carried out on an annual basis, and that additions to talent pool membership might
take place during the year as a result of evaluations of student participation and progress.
Parents are also invited to make individual appointments whenever they feel that additional
information about the program in general is required.

Step 6: Action information nominations

This step will occasionally miss students who are not selected for talent pool
membership. To help overcome this problem orientation related to spotting unusually favorable
“turn-on” in the regular curriculum is provided for all teachers. This process is facilitated
through the use of a teacher training activity and an instrument called an Action Information
Message that provides a wide variety of in-class enrichment experience that might result in
recommendations for special services. Action information can best be defined as the dynamic
interactions that occur when a student becomes extremely interested in or excited about a
particular topic, area of study, issue, idea or event that takes place in school or the non-school
environment.

Chan (Chan. 2000: 88-93) presented the article stating that current procedures in
Hong Kong generally emphasize the use of standardized instruments for identifying the
intellectually gifted (using the Hong Kong Wechsler Intelligence Scale for Children or Raven’s
Standard Progressive Matrices), the academically gifted (using the Hong Kong Attainment
Tests), and the creatively gifted (using the Chinese versions of the Torrance Tests of Creative
Thinking (TTCT) or the Wallach-Kogan Tests). Advocating the use of multiple criteria,

educators in Hong Kong also employ informal measures such as nominations and rating scales



31

for identifying the intellectually gifted. The assessment of intelligence using individual tests is
usually based on the administration of the Hong Kong Wechsler Intelligence Scale for Children,
normed and standardized with Hong Kong children 5 to 15 years of age. Students with high
general intellectual ability can also reliably be identified as those scoring 130 or above. Another
intelligence test, Raven’s standard Progressive Matrices(SPM), suitable for group assessment,
also has been normed and standardized for Hong Kong children. In identifying the
academically or high-achieving gifted, academic achievement test scores frequently have been
used in addition to 1Q scores in the identification of gifted and talented students in Hong Kong.
Taking group achievement test is common in schools in the Hong Kong educational system.
For identifying the creatively gifted, the TTCT were chosen on the basis of the experience of
the usage of these tests in other Chinese societies such as Taiwan. With the verbal and figural
subtests of the TTCT, the creative thinking or creative potential of a student can be scored in
terms of fluency, flexibility, originality, and elaboration. Another set of alternative test is the
Wallach-Kogan divergent thinking tests that consist of three verbal subtests and two nonverbal
subtests. For identification by informal measures, teacher and parent nominations are relatively
common, and they frequently form the basis for follow-up intellectual assessment in the
psychological services of the special education. In the studies on norming the Torrance tests
for Hong Kong students, the research team adapted and translated the Scales for Rating
Behavioral Characteristics of Superior Students, which includes ratings on the learning,
motivational, creative, and leadership characteristics of students.

Coleman and Ruth (Coleman; & Ruth. 2003:1-7) presented appropriate identification
practice that is the best identification practice. It relies on multiple criteria to look for G/T
students. Multiple criteria involve:

- Multiple types of information such as indicators of student’s cognitive abilities,
academic achievement, performance in a variety of settings, interests, creativity,
motivation, and learning characteristics.

- Multiple time periods to ensure that students are not missed by “one shot’
identification procedures that often take place at the end of second or third
grade.

Step in the identification process

The identification process must be dynamic with both formal identification checkpoints

and ongoing opportunities for students to be identified as their needs are recognized. The three

phases in this process are:
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General screening or student search: to establish a pool of students who might
qualify for services, ensuring that no student is overlooked. Screening methods
can rely on student data that are readily available for all students and may
involve specific cognitive and academic assessments given as part of the
screening process. Comprehensive screening also includes invitations to
teachers, parents, and students to suggest names of individuals who might need
services.

Review of students for eligibility: to review the students, determining which
students would benefit from formal identification and services. In this phase all
the data are reviewed to look for indicators that show a need for services.
Services-options match: a school or school system needs to survey the
possibilities it can offer students, both in regular classrooms and special
classrooms, so that it can set the stage for planning optimal matches of
students and options. This process is straightforward when the needs of the

students and the options for meeting these needs are clear-cut.

In Thailand, the first science high school which is Mahidol Wittaynusorn at

Nakhonprathom province has the identification of high ability students in science. This process

consists are as follow:

1.

Students’ GPA: Students must have GPA of science and mathematics not
less than 3.00, and GPAX of every subject not less than 3.00.
Paper-pencil tests: 480 students who pass paper-pencil mathematics and
science tests are accepted to the academic camp.
Academic camp: 480 students join academic camp for 4 days and 3 nights.
While in the camp students do many science activities and also take three
tests. There are unseen mathematics, creative science, and problem solving
tests. Moreover, students take SAT, 1Q, SDQ, and YSR test.

The criteria for identification as gifted students
1. T-score from SAT is not less than 60.
2. 1Q score is not less than 110.
3. SDQ and YSR are not negative.
4. Top 240 students are selected by experts.
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In conclusion, identifying scientifically G/T students still has no single process that is the
best. However, the process that is mostly accepted consists of test score nominations, teacher
nominations, special nominations, notification and orientation of parent, and peer nominations.
Not only identifying scientifically G/T student process is followed, but also measure of science

process, scientifically creative thinking, and attitude toward science are included.

6. Science program for gifted and talented students

Michael C. Pyryt (Pyryt. 1993: 1-5) presented the article that summarizes effective
strategies and programs for nurturing students who are gifted in science. The recommendation,
for nurturing talents/gifts in science and technology, is that curriculum should provide the
opportunity for advanced study of scientific concepts and methodology. Students should know
both the content of various scientific disciplines and the processes scientists use to discover
knowledge. Students should also be given the opportunity to conduct original research
projects. In addition to conducting research, students need to have the opportunity to
communicate the results of their research by presenting at seminars and conferences and by
writing articles for publication in journals. There is also a need for the science curriculum to
address the ethical dilemmas that scientists face. Teachers are important. The characteristics
of quality science teacher are that he is inspired and inspiring, knows science and its
techniques, understands the meanings of science and its relationship to the world, encourages
individual excellence, guides the student to locate resources, adapts teaching methods to
stimulate problem solving, attempts to provide flexible programming to meet the unique needs
of rapid learners.

Tracy L. Cross and Laurence J. Coleman (Cross; & Coleman. 1992: 25-26) presented
the article that provides useful information on teaching talented science students. They found
thirty-two students who stated they wished their science class would move at a quicker pace.
The second most popular theme is that teachers need to challenge students by expecting more
out of them as students. Twelve of the students stated they were frustrated with the present
teaching method of lecture-memorization. Several students said that teachers should stimulate
their creativity in problem solving and provide more opportunities for them to apply their
knowledge.

Michael C. Pyryt (Pyryt. 1993: 5) presented effective strategies and programs for

nurturing students who are gifted in science. This study found that providing scientifically
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talented individuals with challenging curricula, and effective teacher/mentor is the key to
nurturing their gifts/talents. Educationally accelerative opportunities that are recommended are
field trips, advanced placement courses, and science summer camps. Experiences that
promote science achievement are simultaneous teaching of separate science subjects. Science
curriculum should provide the opportunity for advanced study of scientific concepts and
methodology. Students should know both the content of various scientific disciplines and the
processes scientists use to discover knowledge and should be given the opportunity to conduct
original research projects.

Gallagher (Gallagher. 1994: Abstract) presented wide general agreement as to the
substance of new science curricula. One such list represents the general trend:

- More authentic performance assessment of students and educators, and less
emphasis on standardized testing;

- More critical and creative thinking and problem solving for students, and less
emphasis on rote knowledge;

- More learning for understanding and less learning for grades and scores;

- More organization of time around student learning, and less organization of time
around adult or bureaucratic needs;

- More diverse types of teaching and learning opportunities in order to accomplish
the above goals.

Johnson (Johnson. 1995: 36-44) reviewed the existing K-8 science curriculum materials
carried out under the National Science Curriculum Project for High-Ability Learners. A
curriculum for high-ability and gifted learners demands not only higher level thinking and
inquiry-based materials but also materials that demonstrate adequate depth and complexity
while providing for individual rates of learning.

Stepanek (Stepanek. 1999: 56) offered a diversity of strategies and resources for
content and activities that will challenge all students, including gifted learners. It begins with
evolving definitions of giftedness and theories of intelligence. Means of identifying gifted
students and indicators of mathematical and scientific giftedness are then presented.
Furthermore, they addressed teaching gifted students in inclusive classrooms and ability
grouping. Recommendations about grouping students include: 1) heterogeneous groups are
most appropriate when students are working on open-ended problem-solving tasks or science

inquiry activities; 2) homogeneous groups are more appropriate when students are working on
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skill development or reviewing material that they have already learned; 3) grouping strategies
should be flexible, and students should be allowed to work independently at least occasionally
according to their preferences; 4) students should have opportunities to select their own groups
based on common interests; and 5) all students need to learn the skills of working together
before addressing strategies for developing conductive learning environments, including support
for gifted minority students and gifted girls, differentiating content, differentiating processes, and
differentiating products.

Van Tassel-Baska (Van Tassel-Baska. 1998: 200) studied the effectiveness of a
specialized curriculum or materials in any domain and the lack of systematic implementation
data. The purpose of this study was to assess student growth on integrated science process
skills after being taught a 20-36 hour science unit designed according to the new science
recommendations and to curriculum features appropriate for gifted learners. This study
demonstrates the importance of high-powered curricula in creating defensible programs for
gifted learners in schools and illustrating an assessment approach that can be replicated in
other enhancing scientific research skills. The study strongly suggests that the use of the
William and Mary problem-based science units enhances learning regardless of grouping
patterns employed and contributes positively to student motivation to learn. The unit of study,
Acid, Acid Everywhere, which was implemented at all sites, was designed to accommodate
high ability learners through an emphasis on advanced content, higher order thinking in a
problem-based format, research skills in science, and the development of a challenging project
demonstrating problem resolution.

Also, Van Tassel-Baska (Van Tassel-Baska. 1998: 6) presented planning science
programs for high-ability learners on what should be included in science curriculum for gifted
students. Three of the most important things include the following elements:

- An emphasis on higher-level thinking. Students need to analyze the relationship
between real world problems and have opportunities for both critical and
creative thinking within a problem-based episode.

- An emphasis on inquiry, especially problem-based learning. The more that
students can construct their understanding about science for themselves the
better able they will be to encounter new situations and apply appropriate

scientific processes to them.
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- An emphasis on learning the scientific process using experimental design

procedures.

In conclusion, appropriate science curriculum that promotes high quality learning is
desirable for all learners. Teachers and administrators alike need to recognize that gifted

learners must be challenged in their area of greatest interest and potential expertise.

Watters (Watters. 2004: 41-53) explored how teachers and parents can help gifted
students with passionate interests in science. This study found that science classes should
provide opportunities for the generation of knowledge. There are significant implications for
how teachers interact with students and the way they scaffold knowledge. Science classes
need to address issues of environment, process, products, and content. Finally, the importance
of open inquiry, in science as a strategy to enhance learning, is emphasized. Gifted students
are challenged by complexity and ill-defined problems. The opportunity to experience
uncertainties, ambiguities, and the social nature of scientific work and the construction of
scientific knowledge provides them with the intellectual challenges that are desirable. It is
important that gifted students in science consider themselves as part of communities of inquiry
in which knowledge, practices, resources and discoveries are shaped; and where participants
can draw on the expertise of more knowledgeable others whether they are peers, mentors or
teachers.

Van Tassel-Baska and Stambaugh (Van Tassel-Baska; & Stambaugh. 2006: 161-162)
stated that science education interests and gifted education needs led to the consideration of
seven main components necessary to curriculum principles for gifted learners. These
components consist of: 1) developing an understanding of scientific concepts, 2) developing
scientific inquiry skills in collaborative settings, 3) developing a knowledge base in science
areas, 4) developing interdisciplinary connections, 5) developing investigations of real-world
problems, and 6) developing scientific habits of mind. Students must act as scientists and have
time to immerse themselves in that role. This role includes the following objectives:

- Explore a scientific area
- ldentify a meaningful problem for investigation

- State a hypothesis
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- Work through a preplanned experiment or demonstration, or aid in the
development of an experiment

- Make appropriate observations

- Create a simple graph or chart; label diagrams appropriately

- Record data in appropriate formats

- Analyze experiment results in light of the original problem

- Make predictions about similar problems

- Communicate using posters, oral communication, and brief lab reports

In conclusion, science program should allow G/T student to inquire or explore in
scientific area. It should encourage student to have high scientific skill and higher order
thinking skill. Science program should not only let student do experiment, but also let them
create innovation in science. Moreover, program should encourage communication to help

students being more self-confident in science.

7. Enrichment Triad Model

Joseph S. Renzulli's Enrichment Triad Model (Renzulli. 1994: 147-151) is the best
known and most widely used model for guiding what to do for gifted students. There are three
sequential steps: Type | enrichment, general exploratory activities designed to acquaint the
student with a variety of topics and interest areas; Type Il enrichment, group training activities
dealing with the development of cognitive and affective processes- for example, creativity and
research skills; and Type Il enrichment, the investigation of real problems that are similar in
nature to those pursued by authentic researchers or artists in particular fields. See in figure 2.

Type | Enrichment

The three major purposes of the Type | enrichment, general exploratory activities, are to
(1) expose students to topics that are not a normal part of the school’s curriculum, (2) make
general enrichment activities available to all interested students, and (3) invite highly motivated
students to find and pursue a later Type Il independent project. Gifted students should
understand that they are to explore these interest areas purposefully with a view toward
identifying ideas for further study. Some students may already have longstanding interests or

hobbies which are well suited for Type Il projects. In these cases Type | activities serve mainly
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to expose students to new areas. Resource centers should be well stocked with books,
magazines, and other media dealing with a large number of topics. Another good exploratory
activity is field experience in which gifted and talented students meet dynamic people involved
in creative and problem-solving endeavors

Type Il enrichment

The purpose of type Il enrichment, group training activities, is to promote the
development of a broad range of thinking and feeling processes. These skills, abilities,
attitudes, and strategies should be developed in all students. Type Il enrichment also includes
process skills related specifically to gifted students’ independent projects such as techniques for
writing a play script, silk screening, or using scientific equipment.

Type Il Enrichment

With Type Il enrichment activities the gifted young person becomes a researcher
investigating a real problem and creating an original product. Students should act as producers
of knowledge not just consumers of information. For example, for a research project they
should not be asked to consult encyclopedias or other already-summarized sources and then
write a report. Rather they should use raw data as their main information source from which
they draw their conclusion.

The students should play an active part in formulating the problem, designing the
research or artistic methods, and planning the final product. The teacher, as “guide on the
side,” helps with clarifying the problem, designing the project, locating materials and equipment,

and recommending information sources or community experts.

8. Research related to Enrichment Triad Model and creative productivity

Tsai (Tsai. 1997: 22) presented a research paper that was an enrichment model: a
study of developing a pilot program for gifted students. This development of a pilot program,
for highly capable primary students, was based on Renzulli’'s enrichment triad model. The
program focused on using human resources, curriculum compacting, and enhancing creative
productivity. It was found that: 1) students who received lessons using curriculum compacting in
mathematics performed as well as regular mathematics class , although they spent less time in
the regular mathematics class ; 2) students were more attentive during regular classes because
they spent less time and learning became more challenging; 3) other students not using

lessons from curriculum compacting did not show negative attitudes toward the students with
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curriculum compacting; 4) teachers had a positive attitude toward curriculum compacting; and
5) when students were provided with training in cognitive and affective training, learning how-to-
learn skills, familiar with advanced research and reference materials, and developing written,
oral, and visual communication techniques, it had a significant impact on individual and small
group investigation of real problems and creativity.

Meador (Meador. 2003: 25-30) presented the article about creative thinking about
science that the world needs creative scientists who produce useful, innovative solutions to our
problems. First, creative scientists need to be free of rules in order to exercise flexible thinking.
Second, creative scientists also seem to be more open to exercise, making them more
sensitive to problems than their noncreative colleagues. In science, flexible students think of
different types of variables that may impact a phenomenon. Flexible thinkers also have the
ability to look at things from multiple perspectives.

Baum (Baum. 1995: 224-235) reported research with the title, “Reversing
Underachievement: Creative Productivity as a Systematic Intervention”. This study examined
the phenomenon of underachievement and the effect of using creative productivity, Type llI
enrichment, as a systematic intervention in reversing the pattern. The most compelling finding
of this research study was the positive gains made by the students through their involvement in
the Type Il intervention. Eighty-two percent of the students made positive gains during the
course of the year and in the year following the intervention. Most were no longer
underachieving in their school setting by the end of the intervention.

Hebert (Hebert. 1993: Abstract) presented a research that was reflections at graduation,
“The Long-Term Impact of Elementary School Experiences in Creative Productivity”. This
research found that nine senior high school students who took enrichment triad and the
revolving door identification model class exhibited the creative productivity (Type Ill). And they
are still longitudinal creative producers.

Newman (Newman. 2005: 84-90) presented a research about a set of lessons that
integrate the Talents Unlimited Model with the 10 steps of completing a Type Il activity to
determine the effects of these lessons on the quality of students’ creative products and on the
number of students who completed their products. The result showed that treatment group
students showed a statistically significant difference in finishing their independent or small-
group projects, as opposed to students in the control group. Moreover, treatment group
students’ products were of significantly higher quality as measured by the Student Product

Assessment Form than the products completed by students in the control group.
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Chislett L. Miller (Miller. 1994: 4-7) presented the article that compares the components
of Creative Problem Solving (CPS) to the investigative procedure of Type Il enrichment in the
Schoolwide Enrichment Model that the was based on enrichment triad model to show that two
models are complimentary. Research has shown that students who are given specific training
in the methodology of a Type lll investigation that was integrated with CPS have an increased
likelihood of participation in the process of creating original products in response to

investigations of real world problems.

In conclusion, Enrichment Triad Model is an outstanding teaching and learning model
that encourages creative productivity for G/T students. This model allows students to explore in
area that interests them and they can practice or be trained in that area afterward. Then, they
can independently study in depth specific topic that they like. All of the three types can help

student to have more creative productivity.

9. Developing model in science education

John K. Gilbert presented that a model in science (Gilbert. 2000: 11) is a representation
of a phenomenon initially produced for a specific purpose. The specific purpose for which any
model is originally produced in science is a simplification of the phenomenon to be used in
enquiries to develop explanations of it. A model of an object can be either smaller or bigger
than, or of the same size as the phenomenon which it represents. Other models are composed
of abstractions, entities which are treated as if they were objects, e.g. forces, energy. A model
can thus be of an idea. Model can be of a system, a series of entities in a fixed relation to each
other. A model can be of an event. A model can be of a process, one or more events within a
system which has a distinctive outcome.

David Malvern presented the article on mathematical models in science. In developing
model, Gilbert (Gilbert. 2000: 59-90) said “The miracle of the appropriateness of the language
of mathematics for the formulation of the laws of physics is a wonderful gift which we neither
understand nor deserve”. Many scientists mostly use mathematics to explain the nature or as
representation of laws, theories, etc.

Margaret Rutherford also presented the article on models in the explanations of physics,
‘the case of light' (Gilbert. 2000: 253-269). In physics, which is frequently called the

fundamental science, and which explains everyday phenomena as well as unraveling ‘the way
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the world works’, the use of models is a commonplace. Models in physics have been
developed for centuries. The development of models is to help explain the phenomenon under
examination, it is usually the case that this development leads to one particular model being

accepted as the best available and further development expands or refines this model.

10. The modeling cycle or modeling method instructional model

David Hestenes described in the article that (Hestenes. 1987: 440-454) a model is a
surrogate object, a conceptual representation of a real thing. The models in physics are
mathematical models, which is to say that physical properties are represented by quantitative
variables in the models. The cognitive process of applying the design principles of a theory to
produce a model of some physical object or process is called model development or simply
modeling. The strategy coordinates the application of scientific and mathematical knowledge to
the modeling of physical objects and processes. Today the modeling method has developed
to focus more on constructing and using scientific models to describe, explain, predict, and to
control physical phenomena. This instruction is also based on the learning cycle. There are
two stages of modeling method. They are model development and deployment as shown in
Chapter 1, Figure 1.3. The two-stage modeling cycle has a generic and flexible format which
can be adapted to any physics topic. In its high-school-physics implementation, the cycle is
two or three weeks long, with at least a week devoted to each stage, and there are six cycles
in a semester, each devoted to a major topic. Each topic is centered on the development and
deployment of a well-defined mathematical model, including investigations of empirical
implications and general physical principles involved. Throughout the modeling cycle the
teacher has a definite agenda and specific objectives for every class activity, including
concepts, introduction, conclusion, and misconceptions. Stage | of modeling method is
designed to lead students systematically through the four main phases of model development:
description, formulation, ramification, and validation. Stage Il of modeling method is devoted to
deployment of the model developed in stage | to a variety of new physical situations in a variety
of the model from the specific context in which it was developed. The model may be deployed

to describe, to explain, to predict, or to design a new experiment.
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11. Research related to modeling method

Recently, Rutgers University (Rutgers University. 2006: 34-39) presented the article on
the role of models in physics instruction. This article described meaning of model, classification
of models, and engaging students in making and testing models. In general, physicists share
several common ideas about models:1) a model is a simplified version of an object or process
under study 2) a model can be descriptive or explanatory 3) a model needs to have predictive

power; 4) a model’'s predictive power has limitations. Models are classified into four types:

—_

Models of objects

)
2) Models of interactions
3) Models of systems
4) Model of processes (qualitative, and quantitative)

This article suggested that tasks engaging students in deliberate modeling of real
situation are engaged in problem solving or laboratory exercises.

Ibrahim Abou Halloun and David Hestenes (Halloun; & Hestenes. 1987: 455-462)
designed a new method to teach problem solving in introductory mechanics. This method was
based on modeling theory. This study was designed to test the two predictions:1) student
achievement in physics can be improved by incorporating a systematic discussion of modeling
techniques into class lectures 2) student achievement can be further improved by employing
the method of paradigm problems in recitation classes. There were 438 students who were
students in the first semester of University Physics at Arizona State University in the fall of
1983. The students were divided into four groups, a control group of 119 students, and three
treatment groups consisting of 235, 64, and 20 students. They found that the results of their
pedagogical experiment could improve student performance.

David Hestenes also (Hestenes. 1987: 440-454) presented the article on an analysis
the conceptual structure of physics. This study identified essential factual and procedural
knowledge which was not explicitly formulated and taught in physics courses. It led to the
conclusion that modeling of physical world should be the central theme of physics instruction.
Such instruction focused on the construction and deployment of well-defined models of physical
objects and processes. This article also presented the successful modeling development in

mechanics and general model development.
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Lorraine Grosslight, Christopher Unger, Eileen Jay, and Carol L. Smith (Grosslight ; et
al. 1991: 799-822) studied about conceptions of models and their use in science of 33 7th-grade
students of mixed-ability and 22 11th—grade honors students’. They found that students in both
groups have conceptions of models that are basically consistent with a naive realist
epistemology. Students’ ideas became more sophisticated. However, they increasingly include
the fact that models are designed for particular purposes, especially to help communication.
Their finding suggested that students needed more experience using models as intellectual
tools, more experience with models that provide contrasting conceptual views of phenomena,
and more discussions of the roles of models in the service of scientific inquiry.

Malcolm Wells, David Hestenes, and Gregg Swackhamer (Wells; Hestenes; &
Swackhamer. 1995: 606-619) presented the paper that described the design and development
of a new method for high school physics instruction. Students were engaged in understanding
the physical world by constructing and using scientific models to describe, explain, predict, and
to control physical phenomena. Instruction is organized into modeling cycles which moved
students systematically through all phases of model development, evaluation, and application in
concrete situations. This study had three groups for comparison to be made between two
control groups and one treatment group. The control groups were inquiry and traditional honors
courses. The treatment group was modeling honors course. All three were high school
physics courses in 1986-1987 with 24 students in each at Arizona, USA. The results showed
that the modeling method could produce much larger gains in student understanding than
alternative methods of instruction.

Ibrahim Halloun (Halloun. 1996: 1019-1041) presented schematic modeling as an
epistemological framework for physics instruction. This model comprises the content core of
scientific knowledge, and modeling is a major process for construction and employing
knowledge in the real world. Modeling involves model selection, construction, validation,
analysis, and deployment. Two groups of 87 Lebanes high school and college students
participated in problem-solving tutorials that followed a schematic modeling approach. One
group consisted of 59 high school students, the other was of 28 college students. Both groups
improved significantly in problem-solving performance, and course achievement of students in
the college group was significantly better than that of their control peers. This finding
suggested that in physics instruction, the modeling process can be used in experimental

activities as well as in learning textbook material and solving respective problems.
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In conclusion, model and modeling is so important in science education. In physics we
cannot study physics without an understanding in mathematics or even in other science areas.
So since model is so important, teacher should encourage students in modeling method. There
are two types of models: physical model, and mathematical model. Both of them are important.
However, creating mathematical model is more complicated and needs more science skill. For
this reason, if teacher can encourage students to create mathematical model, that will be useful

in learning science.

12. The learning cycle or the 5-E instructional model

Anthony. W. Lorsbach. (Lorsbach. 1998: online) presented the learning cycle or the 5-E
instructional model that it is an established procedure about how individuals learn. The learning
cycle has five steps that are engagement, exploration, explanation, extension, and evaluation.
This instructional model is also called the 5-E instructional model. The five steps are as
follows:-

Engage: In this stage teachers want to create interest and generate curiosity in the
topic of study; raise questions and elicit responses from students that will give teachers an idea
of what they already know. This is also a good opportunity for teachers to identify
misconceptions in students’ understanding. During this stage students should be asking
questions (Why did this happen? How can | find out?) Examples of engaging activities include
the use of children’s literature and discrepant events.

Explore: During the Explore stage students should be given opportunities to work
without direct instruction from the teacher. Teachers should act as a facilitator helping students
to frame questions by asking questions and observing. Using Piaget’s theory, this is the time for
disequilibrium. Students should be puzzled during this stage. This is the opportunity for
students to test predictions and hypotheses and/or form new ones, try alternatives and discuss
them with peers, record observations and ideas and suspend judgment.

Explain: During Explain, teachers should encourage students to explain concepts in
their own words, ask for evidence and clarification of their explanation, and critically listen to
one another’'s explanation and those of the teacher. Students should use observation and
recording in their explanations. At this stage teachers should provide definitions and

explanations using students’ previous experiences as a basis for this discussion.
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Extend: During Extend students should apply concepts and skills in new (but similar)
situations and use formal labels and definitions. Teachers should remind students of alternative
explanations and to consider existing data and evidence as they explore new situation. Explore
strategies apply here as well because students should be using the previous information to ask
questions, propose solutions, make decisions, experiment, and record observations.

Evaluate: Evaluation should take place throughout the learning experience. Teachers
should observe students’ skills, application of new concepts and a change in thinking. Students
should assess their own learning. Ask open-ended questions and look for answers that use
observation, evidence, and previously accepted explanations. Ask questions that would

encourage future investigations.

Edmund A. Marek, Brian L. Gerber; and Ann M. Cavallo. (Marek; Gerber; & Cavallo.
2001. 1-16) presented that learning is constructing knowledge from experience. This tenet is
central to the cognitive developmental model of Piaget and is the derivative for the learning
cycle. The learning cycle is a teaching procedure which allows for many methods of teaching
(e.g. laboratory experiments, questioning strategies, demonstrations, group work, field trips, the
use of modern technologies). All of these common science teaching methodologies can be
used within the three phases of learning cycle—exploring concepts, naming concepts, and

expanding concepts.

13. Research related to the learning cycle

Alan Colburn (Colburn. 1997: 30-33) presented the article that learning cycle is a great
strategy for middle school and high school science teaching because it works and places
realistic demands on teachers and students. The learning cycle as an effective way to help
students enjoy science, understands, and applies scientific processes and concepts to authentic
situations. He also suggested that:

- Do the laboratory activities first

- Discuss the laboratory before verbally introducing content

- Require students to decide how laboratory findings will be communicated
- Change the test

- Begin changing teacher’s role during the activity
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- Have students invent the procedures to answer a laboratory question
- Continue changing teacher’s role during the laboratory activity

- Be sure students apply what they learned in the content phase

- Learn the learning cycle

Lisa M.Blank (Blank. 1999: 486-506) presented the research that revised learning
cycle by emphasizing formal opportunities for teachers and students to talk about their science
ideas. The results showed that students in treatment classroom did not gain a greater content
knowledge, but they did experience more permanent restructuring of their understandings.

Edmund A. Marek, Brian L. Gerber; and Ann M. Cavallo. (Marek; Gerber; & Cavallo.
1999: 275-278) presented four science education courses and found that the learning cycle is
not a teaching method, but rather a teaching procedure. It allows for many methods of
teaching. The learning cycle is an instructional model that: 1) allows science to be taught as it
is structured; 2) implements the recommendations of the National Science Education
Standards; and 3) reflects current constructivist learning theories.

Mary M. Bevevino, Joan Dengel, and Kenneth Adams(Bevevino; Dengel; & Adams.
1999. 275-278) presented the article that pointed out the learning cycle is an inquiry approach.
Using the learning cycle format, the teachers can make learning meaningful for students and
give students opportunities to use their prior knowledge and experiences to construct their own
frames of thought.

Debby A. Chessin and Virginia J. Moore (Chessin; & Moore. 2004: 47-49) presented
the paper that the 5-E model is a valuable tool. It allows teachers to structure science
experiences. Therefore, students can use the processes of scientific inquiry to construct ideas
rather than simply memorize seemingly unrelated facts. In this research, also was added a sixth
“E” e-search which ties the five stages together and incorporates the use of technology into the
model. The result showed that students can use basic science processes to develop conceptual
understanding of a topic.

Anton E. Lawson (Lawson. 2001: 165-169) presented that the learning cycle method of
teaching has proven effective at helping students construct concepts and conceptual systems
as well as develop more effective reasoning patterns, primarily because it allows students to
use if/then/therefore reasoning to test their own ideas and to participate in the knowledge

construction process.
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Lan Clark (Clark. 2003: 13-16) presented the article that he worked in a program to
help classroom teachers develop their confidence in teaching science. He found that the
approach for teaching science should be based on the learning cycle or the 5-E model. The five
stages in this model can be implemented in an individual lesson or a series of lessons covering

a topic or even as stages in the design of a unit.

In conclusion, the learning cycle or the 5-E model is a teaching procedure. The five
stages are equally important and implemented in an individual lesson or series of lessons. This
model is useful for teaching and learning science. It is an inquiry method. Even though
sometimes it is adapted to be six “E”, it is still the same as 5-E model. So science teachers

should use this model to teach students.



CHAPTER 3
RESEARCH METHODOLOGY

This chapter describes both qualitative and quantitative methods that were used. It
consists of framework of the study, research instrument, research procedures, data collection,

and data analysis. This chapter has five major parts:

1. Framework of the study
2. Research instruments
3. Research procedures
3.1 Developing the 4E-C learning model i.e., learning units and evaluation
forms
3.2 Examining efficiency of the model and other assessment forms
3.3 Identifying scientifically G/T students
3.4 Implementing the 4E-C learning model
3.5 Evaluating the 4E-C learning model
4. Data collection

5. Data analysis

1. Framework of the Study

This research was to enhance creative productivity, in scientifically G/T students, by
using the 4E-C learning model developed by the researcher. This learning model was
administered to grade 10 scientifically G/T students as an elective physics course - Energy in
Daily Life - at Mahidol Wittayanusorn School at Nakhon Pathom, Thailand, for 40 periods in the

first semester of 2007.

2. Research Instruments

The research instruments used in the study are as follows:-
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1. Student Product Assessment Form: this form was used to assess students’
creative productivity pre-test scores from phase 2 and post-test scores from phase 3-4 of the
4E-C learning model.

2. Scientifically G/T students’ attitude toward physics questionnaire: this form was
used to assess scientifically G/T students’ attitude toward physics both before and after they
learned through the 4E-C learning model.

3. Students’ learning reflection form: this form was used to determine students’
learning reflection after they had learned through the activities of the 4E-C learning model.

4. Peer assessment form: this form was used to assess students’ projects by
students in the classroom, not in the project group assessed.

5. Team assessment form: this form was used to assess students’ team working by
students within the same group.

6. Student interview protocol: this form was used to interview 5 students’ opinion of
the 4E-C learning model after they had learned through the 4E-C learning model.

7. Teacher interview protocol: this form was used to interview 2 teachers’ opinion of
the 4E-C learning model after they used this learning model to teach scientifically G/T students.

8. Classroom observation form: this form was used to write down what the researcher

observed in the classroom during teaching and learning all phases of the 4E-C learning model.

3. Research Procedures

This study was to develop learning model to enhance creative productivity of
scientifically G/T students. The research procedures were as follows:

3.1 Developing the 4E-C learning model: learning model, learning units and

assessment forms

3.2 Examining efficiency of the model and other assessment forms

3.3 Identifying scientifically G/T students

3.4 Implementing the 4E-C learning model

3.5 Evaluating the 4E-C learning model

3.1 Development of the 4E-C learning model
3.1.1 Developing learning model

1. Preparing



50

1.1 Studying related literature: this step involved studying and considering related
literature regarding learning theories of G/T students, instruction and evaluation of G/T
students, science instruction and evaluation, Thai National Science Curriculum Standard,
program development for scientifically G/T students, program to enhance creative productivity,
definition of giftedness, definition of scientifically G/T students, identification of G/T students, the
three-ring conception of giftedness, Enrichment Triad Model, developing model in science
education, the modeling method in physics, the learning cycle or the 5-E instructional model,
and assessment strategy.

1.2 The researcher interviewed three experts who work in gifted education about
teaching and learning relevant to scientifically G/T students. The researcher also interviewed
three physics teachers who taught physics to scientifically G/T students for at least three years.
This step was to be a part of what should be developed in scientifically G/T students.

1.3 The researcher surveyed 10 teachers’ understanding of G/T services. They filled
in the G/T service questionnaire based on Sherry K. Bain (Bain; Bourgeois; & Pappas. 2003:
166-172). This step was to survey how teachers understand the theory of giftedness, especially
Renzulli’s theory. The result was used to support the research question.

1.4 The researcher also surveyed 144 scientifically G/T students who were in Grade
12 at Mahidol Wittayanusorn School in the second semester of 2005. They filled in the
students’ opinions of physics content and science journal questionnaire developed by the
researcher. This step was to survey scientifically G/T students’ opinions of each physics topic
and their interest of science journal. The results of this survey were used to be a part of
choosing physics content to teach scientifically G/T student in this study.

2. Designing learning model

From preparation step, the researcher designed the 4E-C learning model that
comprised 4 phases, including evaluation in every phase. They are Encouraging Issues,
Experiments for Modeling, Creation of New Model, and Exhibition shown in Figure 4. The 4E-C
learning model was developed as follows:-

Phase 1: Encouraging Issues, it is the beginning phase of this model. First of all, a
teacher divides students into small groups and thereafter gives them an interesting topic that
they are going to study. The teacher allows students to study and search any issues or
information about that topic by themselves. Then, each group presents their issues and

discusses that topic in a classroom. Lastly the teacher and students together make conclusion
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on every topic presented by students. In this phase the teacher acts as a coordinator of the
discussion. The teachers observe students’ presentations and discussion in the classroom.

Phase 2: Experiments for modeling, this is the second phase of the model. It is a
guided inquiry phase. Teachers are a facilitator. First, the teachers divide students into small
groups and explain how to create physics model by following modeling method. This phase
consists of experiments that enhance modeling. Students are trained in designing by
themselves the experiments for physics model, both physical and mathematical models by
themselves. After that they present their experimental designs and models in the classroom.
Teachers give them suggestion to improve those experiments. In this phase teachers assess
students’ product and presentation by using Student Product Assessment Form. Students within
group discuss and answer questions to report their learning reflection from each activity by
using students’ learning reflection form at the end of every experiment designing report.

Note: these two phases can be alternately switched back and forth until the teachers
are satisfied that students are ready to create their own real physics models, by checking
student’s creative productivity scores. These scores can be assessed by student product
assessment form. If students’ scores in the last activity are higher than those in the first activity,
then students are ready to proceed to phase 3. Also, the teachers can conclude from
students’ learning reflection form on the students’ ability whether or not they are ready to do
project in phase 3. Then, students are allowed to go to the next phase. These two phases
should consume 1/3 time of all phases. Before going to the third phase students should come
up with questions involving problems in phase 1 and 2. Teacher should help students asking
questions that guide them to thinking about variables in their projects in phase 3.

Phase 3: Creation of new model, this is the third phase of the learning model. It is
an independent inquiry phase. Teachers divide students into small groups. Each group finds
out what topic it wants to create a new physics model for. Students in each group design
experiment to create new model or adapt old experiments to create physics model in the new
situation. Teachers should give them advice for doing experiment and creating physics model
that is either mathematical model or physical model. This phase should allow students to
enough time to do their products. Teachers should provide many resources for students to
study and search for any information concerning their products. After that students present
their products in the classroom. Teachers assess students’ products by using Student Product
Assessment Form. Also all students assess other groups by using peer assessment and

students within a group assess each other by using team assessment.
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Note: there should be at least three teachers for assessing students’ creative
productivity by using Student Product Assessment Form.

Phase 4: Exhibition, this is the last phase. Teacher should arrange the exhibition for
presentation of students’ products. This phase gives students an opportunity to present and
share their own products to their friend in the class and other students who attend the
presentation. This phase will make students feel more confident with their ability and practice
communication skill. Teachers assess this phase by using presentation item in Student Product
Assessment Form.

3.1.2 Designing learning units by following 4 phases of the 4E-C learning model

- This design was one course for one cycle of the 4E-C learning model.

- Planning of physics units: studying National Science Curriculum Standards in
the basic education curriculum B.E. 2544, the aims of formulation of science
teaching and learning, and sub-strand 4 and 5.

- Determining resource and learning units: there were 6 physics units. Unit 1-5
were in phase 1-2 of the 4E-C learning model. The last unit, unit 6, was in
phase 3-4 of this learning model. These units consist of basic components of
unit plans that are title, concept, objectives, materials and equipment, time
frame, activities, and assessment. All activities focused on creating physics
model that is either mathematical model or physical model. The activities of

learning units are shown in Table 2.
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TABLE 2: The activities of 6 learning units following 4 phases of the 4E-C

learning model

Learning Unit

Activity

Phase of the 4E-C

learning model

1. Energy transfer

2. Electric energy

3. Heat

4. Nuclear energy

5. Solar energy

6. Independent study
(physics project)

Discussion of energy issues in Thailand

The creation of mathematical model to show the
relation of potential and kinetic energy
Presentation of the result in the classroom
Discussion of electric energy issues in Thailand
The creation of physical model to show what
factor has the effect on the efficiency of motor
and how

Presentation of the result in the classroom
Discussion of the use of heat in

daily life issues

The creation of a mathematical model to show
the transformation of mechanical energy into
heat

Presentation of the result in the classroom
Discussion of nuclear energy issues

The creation of physical model to show chain
rule reaction

Presentation of the result in the classroom
Discussion of the use of solar energy

The creation of a mathematical model to show
what factors affect the working of solar cell
panel and how

Presentation of the result in the classroom
Present project topic

Conducting project to create physics model
Presentation of projects by inviting any student

In school who are interested in this presentation

1and 2

1and 2

1and 2

1and 2

1and 2

3and 4
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- Planning lessons: studying writing inquiry lesson plans to enhance creative
productivity.

- Determining physics lessons: these lessons consist of a list of elements that
are title, objectives, concepts, materials and equipment, instructional activities,
and assessment.

- Writing documents: The researcher set the drafts of goals, learning outline,
and expected learning outcomes of Energy in Daily Life course. The
researcher developed a Teacher's Guide Book and Student’'s Guide Book.
Teacher's Guide Book consists of the necessary information on the teaching
and learning of scientifically G/T students and lesson plans. Student’'s Guide
Book consists of activities, learning resources, work sheet, and assessment
forms. See Appendix 2.

3.1.3 Developing assessment forms

3.1.3.1 The Student Product Assessment Form: This form was used for assessing
scientifically G/T students’ creative productivity after they had learned in the first and second
phase and after they had completed the third and the last phase of the 4E-C learning model.
The researcher adapted assessment form based on Student Product Assessment Form of Reis
and Renzulli (1991: 128-134) and also performance assessment form of IPST (IPST. B.E.
2543: 306-310). This form is an authentic assessment using rubric scoring, analytic score.
The Student Product Assessment Form of Reis and Renzulli is an assessment form used for
assessing G/T students’ creative productivity. This form can be used to assess any product of
G/T students. Performance assessment form of IPST is also authentic assessment used for
assessing students’ science projects.

3.1.3.2 Scientifically G/T students’ attitude toward physics: This questionnaire was
used for assessing scientifically G/T students’ attitude toward physics after they had learned
through 4E-C learning model. The researcher adapted questionnaire based on Jayne and
Kenneth (Stake; & Mares. 2001: 1065-1088). Jayne’s questionnaire is an evaluation form for
evaluating G/T students’ attitude toward science for summer enrichment program.

3.1.3.3 Peer assessment form: this form was developed by the researcher for
assessment of student project scores by students in the classroom who were not in the same

project group.
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3.1.3.4 Team assessment form: this form was developed by the researcher for
assessment of student’s team work by students within a group.
3.1.3.5 Students’ learning reflection form:. the researcher developed students’
learning reflection form that students within a group reflected their learning in each activity.
3.1.3.6 Student interview protocol: this from was developed by the researcher to
interview students about their opinions of the 4E-C learning model.
3.1.3.7. Teacher interview protocol: this form was developed by the researcher to
interview two teachers about their opinions of using the 4E-C learning model.
3.1.3.8 Classroom observation form: this form was developed by the researcher to
record the results of observing students’ and teachers’ behavior in the classroom.
3.2 Examining efficiency of the model and other assessment forms
3.2.1 Examining learning model
The teacher’s guide book and the student’s guide book were examined by advisors,
after that these books were considered for content validity by 5 experts two of whom were
subject-matter specialists, one educational measurement and assessment specialist, and two
science education specialists. The experts considered content validity by using index of
congruence (IC) and suggested some modification of the documents. After that the researcher
revised documents following experts’ suggestions. The results of IC can be seen in Appendix 1.
3.2.2 Examining the evaluating forms
3.2.2.1 The Student Product Assessment Form was examined by advisors. After
that construct validity was considered by the same 5 experts. The construct validity was
considered by using IC. Then, the researcher revised this form following experts’ suggestions.
3.2.2.2 Scientifically G/T students’ attitude toward physics questionnaire was
examined by advisors. After that construct validity was considered by the same 5 experts. The
construct validity was considered by using IC. Then, the researcher revised this form following
the experts’ suggestions.
3.2.2.3 Students’ learning reflection form was examined by advisors. After that it
was considered with respect to proper use of language and form by the same 5 experts. Then,
the researcher revised this form following the experts’ suggestions.
3.2.2.4 Peer assessment form was examined by advisors. After that construct
validity was considered by the same 5 experts. The construct validity was considered by using

IC. Then, the researcher revised this form following the experts’ suggestions.
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3.2.2.5 Team assessment form was examined by advisors. After that construct
validity was considered by the same 5 experts. The construct validity was considered by using
IC. Then, the researcher revised this form following the experts’ suggestions.

3.2.2.6 Student interview protocol was examined by advisors. After that it was
considered with respect to the proper use of language and form by the same 5 experts. Then,
the researcher revised this form following the experts’ suggestions.

3.2.2.7 Teacher interview protocol was examined by advisors. After that it was
considered with respect to the proper use of language and form by the same 5 experts. Then,
the researcher revised this form following the experts’ suggestions.

3.2.3 Conducting pilot study of the 4E-C learning model

Examining efficiency of the 4E-C learning model and assessment forms by
conducting pilot study: the aim of the pilot study was to check the activity plans and familiarize
the teachers with the 4E-C learning model. The processes were as follows:

3.2.3.1 Selecting and preparing teachers: Two volunteer physics teachers at
Mahidol Wittayanuson School who had taught scientifically G/T students for at least 5 years
were selected to participate in this study. They were prepared for good understandings of the
three-ring conception of giftedness, Enrichment Triad Model, and the modeling method by
participating in a one day Teacher Preparation Workshop for 8 hours.

3.2.3.2 Selecting students: there were 16 scientifically G/T students in grade 10 of
the second semester of 2006 who voluntarily took Energy in Daily Life course as the elective
physics course for 40 periods.

3.2.3.3 Conducting pilot study: 120 scientifically G/T students filled in students’
attitude toward physics. Also, 16 scientifically G/T students who took Energy in Daily Life filled
in students’ attitude toward physics before they took this course. The researcher and teachers,
selected to participate in this study, taught scientifically G/T students by using the 4E-C learning
model for 40 periods. Moreover, the researcher and the teachers assessed the students by
using the Student Product Assessment Form. During this time, the researcher also observed
teaching and learning events in the classroom. After that the researcher and the two teachers
discussed events in order to revise the activity plans. At the end of the pilot study, scientifically
G/T students filled questionnaire of scientifically G/T students’ attitude toward physics. All
students in the classroom assessed other group projects by using peer assessment form and

also students within a group assessed each other by using team assessment form.
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3.2.4 Statistics for examining tools
3.2.4.1 Validity: IC technique was employed to examine content validity and
construct validity of learning units. Also, IC was employed to examine construct validity of the
student product assessment form, peer assessment form, team assessment form, and
scientifically G/T students’ attitude toward physics.
3.2.4.2 Reliability: Cronbach’s alpha coefficient was employed to examine
reliability of the student product assessment form, peer assessment, team assessment, and
scientifically G/T students’ attitude toward physics
3.2.4.3 Discrimination: The t-test independent was used to test mean scores
between highest score group and lowest score group of peer assessment and team
assessment forms. The 30% technique was used to divide those two groups. Significant
differences of both mean scores indicate that those forms have discrimination.
3.3 Identification of scientifically G/T students
3.3.1 Studying identifying process: studying identification of G/T students,
characteristics of scientifically G/T students, and identification of scientifically G/T students.
3.3.2 Identifying scientifically G/T students: The researcher used the popular
identification process of Mahidol Wittayanosorn School, the first science high school for G/T
students in mathematics and science in Thailand. Identifying process of this school can be
accepted as on par with identification process at international level. The identification was as
follows:
1. Students’ GPA: Students must have GPA of science and mathematics not
less than 3.00, and GPAX of every subject not less than 3.00.
2. Paper-pencil tests: 480 students who pass paper-pencil mathematics and
science tests are accepted to the academic camp.
3. Academic camp: 480 students join academic camp for 4 days and 3 nights.
While in the camp students do many science activities and also take three
tests. They are unseen mathematics, creative science, and problem solving
tests. Moreover, students take SAT, 1Q, SDQ, and YSR tests.
The criteria for identification as gifted students
1. T-score from SAT is not less than 60.
2. 1Q score is not less than 110.
3. SDQ and YSR are not negative.
4. Top 240 students are selected by experts.
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3.4 Implementing 4E-C learning model or conducting main study
3.4.1 Population and sample
Subject
1. Scientifically G/T students, who were in grade 10 in the first semester
of 2007 at Mahidol Wittayanusorn School, Nakhon Pathom, Thailand.
2. All teachers who at the time taught physics at Mahidol Wittayanusorn

School, Nakhon Pathom, Thailand.

Sample
1. 22 scientifically G/T students in grade 10, who voluntaily took Energy
in Daily Life as elective physics course in the first semester of 2007 at
Mahidol Wittayanusorn School.
2. Two teachers who had teaching experience in scientifically G/T for at
least 5 years at Mahidol Wittayanuson School, Nakhon Pathom,

Thailand.

3.4.2 Content of study

Content used in this study was energy involved in daily life. This content was

related to Sub-strand 4 and 5. The researcher developed 6 learning units. There were 5

learning units and in phase 1-2 of the 4E-C learning model. In phase 3-4, there was one

learning unit that was unit 6, independent project or research. In this phase scientifically G/T

students created new physics model, either mathematical or physical about energy in daily life

and then presented their own products in phase 4. Each unit 1-5 consists of one experiment for

modeling, see an example in Appendix 2.

The contents of learning units were as follows:
- Unit 1: Energy transfer
- Unit 2: Electric energy
- Unit 3: Heat
- Unit 4: Nuclear energy
- Unit 5: Solar energy

- Unit 6: Independent topic, but still involving energy in daily life
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3.4.3 Implementation
This step was for using the 4E-C learning model in a real classroom in which the
following sections were conducted.

1. Selecting and preparing teachers: two physics teachers, who were involved in
the pilot study were selected to participate in the main study. They were prepared again for
better understandings of the 4E-C learning model by participating in a one day Teacher
Preparation Workshop for 8 hours.

2. Selecting students: 22 scientifically G/T students who were in grade 10 in the
first semester of 2007 and took Energy in Daily Life as elective physics course for 40 periods.

3. Implementing:

3.1 Scientifically G/T students filled students’ attitudes toward physics before
they learned the course through 4E-C learning model.

3.2 The teachers and students discussed the learning tasks in this course and
the 4E-C learning model. The other hours were for instructing by following phases of the 4E-C
learning model.

3.3 During instruction, the researcher observed and recorded interesting
classroom events. Students’ learning outcomes of phase 1 and 2 learning were assessed by
using student product assessment form. In phase 3, students conducted their own projects to
create new physics model that involved in energy in daily life. In the last phase students
presented their models in the exhibition. After students finished in the third and the last phase,
they were assessed by using the student product assessment form.

3.4 After instruction, the researcher discussed about classroom events with
teachers to know what should be improved for teaching and learning in the classroom.

3.5 Evaluating the 4E-C learning model

3.5.1 Evaluating activities: Scientifically G/T students were assessed with respect to
their creative productivity during teaching and learning in phase 1-2 by using Student Product
Assessment Form. After that they were assessed again in phase 3-4 of learning model with
the same assessment from. Their creative productivity scores were then compared and
analyzed.

3.5.2 Grading students’ scores: The percent of students’ average scores from phase
2 were combined with students’ scores from phase 3 and 4 to consider students’ creative

productivity scores. Also, students’ scores from peer assessment, team assessment, and
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participation in the classroom were collected. Then, all scores were included to assign students’

rating grade as follow:

80% - 100% =  excellent
70% - 79% = good
60% - 69% =  pass
Less than 60% =  not pass

3.5.3 After the completion of teaching and learning, all the students filled in
students’ attitude toward physics questionnaire.

3.5.4 The researcher interviewed 5 volunteers of scientifically G/T students from
each group for their opinions of the 4E-C learning model by using the student interview
protocol.

3.5.5 The researcher interviewed the teachers’ opinions of the 4E-C learning model

by using the teacher interview protocol.

4. Data Collection

Data were collected from two major sources: scientifically G/T students and participating
teachers. The sources of data from each group were as follows:-
4.1 Developing learning model
4.1.1 Students: data were gathered from students’ opinions of physics content and
journals by questionnaire before developing learning model.
4.1.2 Teachers: data were gathered from G/T service questionnaire before
developing learning model.
4.1.3 Experts: data were gathered from expert interview protocol
4.2 Implementing learning model
4.2.1 Students: data on students were gathered during implementation phase.
These data were obtained at different times.
4.2.1.1 The students’ creative productivity during learning was compared between
the score in the second phase and the third phase of the 4E-C learning model by using the
student product assessment form.
4.2.1.2 Data were also gathered from students’ attitude toward physics

questionnaire before and after using the 4E-C learning model.
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4.2.1.3 Qualitative data were collected from scientifically G/T students’ learning
reflection from each activity and from the student interview protocol.
4.2.2 Participating teachers: qualitative data were collected from the teacher

interview protocol after they had participated in this study.

5. Data Analysis

5.1 Statistics for Hypotheses Testing
The t-test for dependent sample was used in this study.

5.1.1 The t-test for dependent sample was employed to compare students’ creative
productivity pre-test and post-tests scores to test the first hypothesis. The SPSS program for
Windows was used to test significance.

5.1.2 The t-test for dependent sample was used to compare students’ attitude
toward physics pre-test and post-test scores to test the second hypothesis. The SPSS program
for Windows was used to test significance.

In addition, the basic descriptive statistics such as median was used to analyze
scores from team assessment form. Also, the simple correlation technique was used to analyze
correlation between students’ project scores assessed by teacher and peer.

5.2 Qualitative data analysis

Qualitative data were analyzed by using analytic induction.

5.2.1 The data before developing learning model were analyzed. The researcher
used the results of students’ opinions of physics content and journals, G/T service
questionnaire, and expert interview to develop the 4E-C learning model.

5.2.2 The data from students’ learning reflection were analyzed. The researcher
reported the results of students’ learning reflection to explain how students’ learning reflection
was after they learned through the 4E-C learning model. Then, the research analyzed these
data by using analytic induction.

5.2.3 Student interview data were summarized from students’ interview tape scripts.
The researcher analyzed students’ opinions of the 4E-C learning model to explain how
students’ opinions of the 4E-C learning model were after they learned through the 4E-C

learning model.
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5.2.4 The researcher reported teachers’ opinions of the 4E-C learning model. Then
the researcher analyzed these data to explain how teachers’ opinions of the 4E-C learning

model are after they taught by using the 4E-C learning model.



CHAPTER 4
FINDINGS

This chapter presents the findings of enhancing creative productivity by using the 4E-C
learning model for scientifically G/T students. The findings are presented in the following order:

1) learning model development; 2) learning model implementation and evaluation.

Learning Model Development

There were two major phases of learning model development: preparation and design.
1. Preparation of the learning model:

1.1 The researcher studied related literature regarding learning theories of G/T
students, instruction and evaluation of G/T students, science instruction and evaluation, Thai
National Science Curriculum Standard. This information was used to design a draft of the
learning model.

The researcher gathered data on physics content that scientifically G/T students
like the most by using students’ opinions of physics content and journals questionnaire
developed by the researcher. Also, the researcher interviewed experts about what should be
developed for scientifically G/T students. The collected data and gained information were to be
used for developing learning model.

The result of students’ opinions of physics content and journals indicated that
students like mechanics the most and they want to conduct more experiments.

The result of expert interview indicated that the skill that should be developed in
scientifically G/T students is higher-order thinking, especially problem solving and creative
thinking. Also, the learning model should allow students to do independent study.

2. Designing of the learning model:

2.1 The researcher developed the 4E-C learning model based on the three ring
conception of giftedness, enrichment triad model, modeling method, and the 5-E instructional
model. The theory of the learning model was based on the three-ring conception of giftedness.
The four phases of the 4E-C learning model were based on the enrichment triad model as
follow: 1) encouraging issues, 2) experiments for modeling, 3) creation of new model, and 4)

exhibition. Another, the modeling method was used with the second and third phase of the 4E-
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C learning model as instructional strategy. Activity plans and assessment forms were used for
each phase of the 4E-C learning model. More detail of the 4E-C learning model documents are
shown in Appendix 2, and assessment forms are shown in Appendix 3.

2.2 The 4E-C learning model documents and assessment forms were examined by
advisors and experts. The results of experts’ consideration are shown in Appendix 1.

2.3 The researcher revised these documents following experts’ advice before using
them in pilot study.

2.4 |dentifying scientifically G/T students: the researcher followed the identifying
process of Mahidol Wittayanosorn School. Identifying process of this school is accepted as on
par with identification process at international level. The identification was as follows:

1. Students’ GPA: Students must have GPA of science and mathematics not
less than 3.00, and GPAX of every subject not less than 3.00.
2. Paper-pencil tests: 480 students who pass paper-pencil mathematics and
science tests are accepted to the academic camp.
3. Academic camp: 480 students join academic camp for 4 days and 3 nights.
While in the camp students do many science activities and also take three
tests. They are unseen mathematics, creative science, and problem solving
tests. Moreover, students take SAT, 1Q, SDQ, and YSR tests.
The criteria for identification as gifted students
1. T-score from SAT is not less than 60.
2. 1Q score is not less than 110.
3. SDQ and YSR are not negative.
4. Top 240 students are selected by experts.
2.5 The researcher selected two participating teachers from Mahidol Wittayanusorn
School. They participated in the pilot study and the main study by using 4E-C learning model in
implementation phase.
2.6 In pilot study, the researcher used 4E-C learning model for elective physics
course, Energy in Daily Life, for 40 periods in the second semester of 2006. There were 16
scientifically G/T students in grade 10 who attended this course in the pilot study. The purposes
of the pilot study were to try out the activity plans of the 4E-C learning model, assessment
forms, and interview protocol. Also, it was to familiarize the participating teachers with the 4E-C
learning model. During pilot study, the scientifically G/T students’ attitude toward physics

questionnaire was used for 120 scientifically G/T students in grade 10 of the second semester
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of 2006. Then, the learning units were later used by two participating teachers to teach 16

scientifically G/T students in grade 10 as an elective physics course, Energy in Daily Life, for 40

periods at Mahidol Wittayanusorn School, Nakhonpathom, from December 1% , 2006 — Febuary
th

28 , 2007. The reliability of assessment forms was determined by Cronbach’s alpha

coefficient. The results of calculating reliability of assessment forms are shown in Table 3.

TABLE 3 : Reliability of assessment forms

Assessment form Reliability
1. Student Product Assessment Form .883
2. Students’ attitude toward physics questionnaire 915
3. Peer assessment form .815
4. Team assessment form 915

The results of calculating Cronbach’s alpha coefficient by using SPSS indicate that
these forms have high reliability.

Also, the discrimination of team assessment and peer assessment form was
determined by t-test. It is expected that if t-test is significantly different, those assessment forms
have discrimination. The results of discrimination of assessment forms are shown in

Table 4.

TABLE 4: Discrimination of peer assessment and team assessment form

Assessment form df t P
1. Peer assessment form 8 14.000** .000
2. Team assessment form 8 8.636** .000

The results of comparison between mean scores of the highest and the lowest score
groups by using t-test in SPSS indicate that the mean scores are significantly different at the
.01 level. The results show that these forms can discriminate students’ team working assessed
by peers and students within a group.

Regarding the pilot study, it was found that scientifically G/T students could search,
discuss, and debate contemporary issues about energy in phase 1 of the 4E-C learning model.

In phase 2, they could design and conduct experiments using instruments set up by teachers.
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Also, in phase 3, they could conduct their own projects to create new physics models. In the
last phase, they could give interesting presentation by using multimedia. However, scientifically
G/T students wanted to spend more time to conduct their projects. Also, in some experiments,
there was the limitation of instrument. They had to wait until other groups finished using it.
Besides, adapting motor experiment could be used to create physical model instead of
mathematical model. Another finding was that students did not like writing down their learning
reflection on students’ self-report because they had no time for writing those reports.

As a result of adjusting the activities, time for the first phase was reduced. Meanwhile,
time for the second and the third phases were extended. Also, Adapting motor experiment was
employed to change from the creation of a mathematical model to a physical model, instead.
Moreover, students’ self-reports were combined as part of students’ learning reflection forms
that would be in each experiment report instead. Students within group had to work together to
reflect their learning and write down on students’ learning reflection forms in each experiment

report.

Learning Model Implementation and Evaluation

The findings of the pilot study were used to revise the activities and the time of the 4E-
C learning model. The 4E-C learning model was implemented with 22 scientifically G/T students
in grade 10 at Mahidol Wittayanusorn School in the first semester of 2007 (May 15th — August
31St, 2007). It took 40 periods. Students were divided into five groups. There were four groups
with four students each and another group with six students.

The data were collected by both quantitative and qualitative forms. They were collected
by using 1) Student Product Assessment Form, 2) Peer assessment form, 3) Team assessment
form, 4) Scientifically G/T students’ attitude toward physics questionnaire, 5) students’ learning
reflection form, 6) student interview protocol, and 7) teacher interview protocol.

The data were analyzed as follow:

1. Testing of research hypotheses

While implementing the 4E-C learning model, the data were collected to test the
research hypotheses as follows:

1.1 Pre-and Post-test
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Hypothesis 1: students who learned through the 4E-C learning model, Energy in
Daily Life course, have higher creative productivity scores than those taken before they learned
through the 4E-C learning model.

According to this research hypothesis it is expected that students working in small
groups to design and conduct experiments, analyze data, and create physics models from
those data can improve their creative productivity to a higher level.

For pre-test, students’ creative productivity scores were assessed by using Student
Product Assessment Form while they were conducting experiments in the second phase that
consisted of five learning units. For post-test, students’ creative productivity scores were
assessed by using Student Product Assessment Form to assess their product after they
finished their projects and presentation in the third and the last phase that was the last learning
unit. For pre-and post-test both participating teachers and the researcher assessed them.

The students’ creative productivity pre-test and post-test mean score and the t-test
for dependent sample were used to test the significance of the difference of gained scores, the

result of which is shown in Table 5.

TABLE 5: The t-test results of students’ creative productivity

Test M SD df t P
Pre-test 35.35 3.09 21 6.144 .000
Post-test 39.47 0.37 21

According to Table 5, the mean post-test students’ creative productivity scores are
higher than the pre-test.

The t-test results of students’ creative productivity pre-test and post-test score indicate
that the mean scores are significantly different at the .01 level. Therefore, the students’ creative
productivity after learning through the 4E-C learning model is significantly higher.

To see how different pre-test and post-test score of each student is, a graph of

comparison of those scores is shown in Figure 9.
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Figure 9 The comparison of students’ creative productivity pre-test scores and post-test

scores

For students’ projects there were 5 projects as follows:
1. The electric energy consumption in Mahidol Wittayanusorn School
2. Study of the relation between light property and heat produced from light
3. Nuclear electric power plant
4. The effect of the angles on the efficiency of solar cell panel
5. The effect of electric line temperature on the rotation of motor

The examples of students’ projects are shown in Appendix 4.

1.2 The students’ attitudes toward physics

Hypothesis II: students who learn through the 4E-C learning model, Energy in Daily
Life, have higher post-test attitudes toward physics scores than pre-test attitudes.

According to this hypothesis it is expected that students who learn through the 4E-C
learning model have higher scores in attitudes toward physics. The students’ attitudes toward
physics scores were assessed by using scientifically G/T students’ attitudes toward physics
questionnaire before they learned through the 4E-C learning model. Also, again they were
assessed by the same questionnaire after they had learned through this model.

The students’ attitudes toward physics pre-and post-test scores and a paired-
samples t-test was used to test the significance of difference of mean scores, the result of

which is shown in Table 6.
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TABLE 6: The t-test results of students’ attitudes toward physics

Test M SD df t p
Pre-test 2.51 0.52 21
Post-test 3.84 0.33 21 14.052* .000

The t-test scores of students’ attitudes toward physics indicate that the mean scores
are significantly different at the .01 level. Therefore, the students’ attitudes toward physics are
significantly higher.

Figure 10 shows the difference of attitudes toward physics of each student before and

after learning through the 4E-C learning model.
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Figure 10 The comparison of pre-test and post-test students’ attitudes toward physics

scores

1.3 The students’ team assessment score

These data show that students within each group have no different team assessment
score. This result is to support the hypothesis | that if students have no different team
assessment scores, students’ creative productivity scores are confirmed. The students’ team

assessment scores are shown in Figure 11.
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Figure 11 The comparison of students’ team assessment score within group

According to Figure 11, there is an obvious indication that each student in the same
group works equally. There is only one student in the fifth group getting score less than other
three students. The reason probably is that student was absent one time because she had an
appointment with teacher dormitory. Since there were only 5 laboratory works, she couldn'’t
make it once that may effect on her team scores. However, in conclusion, they share and help

each other to work in any activity. Therefore, the results support hypothesis I.

1.4 The students’ peer assessment score

These scores are supporting hypothesis | that students’ creative productivity scores
from each project group assessed by teachers are reliable. The students’ project scores
assessed by teachers and students in the classroom were compared, the results of which is

shown in Table 7.

TABLE 7: The correlation of students’ project scores assessed by teachers and

students

Score df r t P

From teacher and students 3 .861 2.932 .061




70

According to Table 7, the correlation is not significant at .01 level. This result indicates

that the students’ projects scores assessed by teachers and students are not correlated.

Qualitative data

The qualitative data from implementation of the 4E-C learning model were collected by
students’ learning reflection form, student interview protocol, classroom observation form, and
teacher interview protocol.

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

1. students’ learning reflection

Group 1: students could satisfactorily explain concepts of each experiment, could
adapt their experimental design by using other instruments, could explain what enrichment their
knowledge was, could explain what new experiences they got from conducting experiments,
and could also apply their learning from those experiments in the new situations.

Note: this group could apply their model to explain new situation such as they
applied chain reaction physical model to explain the binary fission of bacteria.

Group 2: students could explain concepts. They could adapt their experimental
design by using other instruments. They could also explain what the enrichment to their
knowledge were, and explain what new experiences they got from conducting experiments.
They could apply their learning from those experiments in the new situations, but not all
experiments. There was one experiment that they couldn’t apply their learning in the new
situation.

Group 3: students could satisfactorily explain concepts. They could adapt their
experimental design by using other instruments, and could explain what the enrichment to their
knowledge were, and could explain what new experiences from most of experiments were.
They could apply their learning from some experiments in the new situations. However, there
were two experiments that they couldn’t apply their learning in the new situations.

Note: this group could interestingly adapt experimental design such as they
adapted the experiment of Unit 1, energy transfer, by using light gate sensor instead of time
counting because they could get more valid and reliable data.

Group 4: students could satisfactorily explain the concepts. They could adapt their

experimental design by using other instruments, could explain what the enrichment to their
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knowledge were, could explain what new experiences were, and could also apply their learning

from those experiments in the new situations.

Group 5: students could satisfactorily explain the concepts. They could adapt their

design by using other instruments, could explain what the enrichment to their knowledge from

most of experiments were, could explain what some new experiences were, and could also

apply their learning from some experiments in the new situations.

2. Observations of teaching and learning in the classroom, the results are shown

in Table 8.

TABLE 8 : Observations of teaching and learning in the classroom

List

result

Students’ behavior

Each group discussed topics about Thailand’s energy issues and global
energy issues. Each group presented their topics that students could
discuss and debate by using scientific reasoning and also could integrate
background knowledge to debate those topics. However, students wanted
to have more time to discuss and debate. Each group was so active and
stayed focus on doing first laboratory work. Students asked many questions
about activity. Each group was good at sharing work within the group. They
shared and discussed many ideas all the time. They could finish this

laboratory work on time and present their result.

In the second laboratory work, each group discussed about issues on
electric energy, especially electric power plants. They could tell
disadvantage and advantage of each kind of electric power plants. After
that they conducted adapting motor experiment. In this activity, they had
many problems with the instruments, but they didn’t give up and tried very
hard to solve those problems. There was only one group that could
overcome the difficulty. Other groups could not, but they made
appointments with laboratory teacher to continue working outside schedule.
One of groups had an interesting idea to conduct experiment. They wanted

to study the angle factor that effected to the rotation of motor. The teacher
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List

result

Students’ behavior

suggested that they could study this factor as a project. Finally, every
group could solve the problem and succeed with excellent solution. Also,

their presentation of laboratory work was equally good.

3. In the third laboratory work, each group discussed issues about using heat
in daily life. One of the interesting issues that they discussed was using
geothermal energy to generate electricity. After that they conducted a
laboratory experiment to convert mechanical energy into heat energy. But
due to insufficient sets of some instruments, each group had to take turn to
conduct laboratory activity outside schedule by arrangement with laboratory
teacher. From observing them conducting this activity, every group showed
task commitment and high motivation in doing this activity. They could
understand how to use instruments so easily such as thermal sensor and

presented the result of laboratory work very well.

4. In the fourth laboratory activity, students discussed and debated issues
about nuclear energy both its advantage and disadvantage, including
nuclear energy power plants. Students played nuclear energy post-it game
to learn about nuclear energy from playing game. They liked it a lot and
looked so happy. After that they conducted creating physical model of
nuclear fission. They could so ingeniously create these models. Every
group had different types of models. They could also come up with very

good presentations.

5. In the fifth laboratory activity, students discussed and debated issues about
solar energy. They were very interested in studying the real solar cell. After
that they conducted laboratory experiment on what factor had an effect on
solar cell. This laboratory experiment to work after hours needed a lot of
time, so they took instruments back to their dormitory. And they made
appointments with laboratory teacher to ask or get some advices. However,
in this laboratory activity they could design laboratory experiment very well.

Also, they could give a very good presentation.
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List

result

Teachers’ behavior

1.

In the first laboratory activity the teacher acted as a coordinator of
discussion. He summarized students’ ideas and concepts after discussion.
He explained concepts of fundamental energy such as the importance of
energy, how many kinds of energy there were, how to calculate kinetic and
potential energy, etc. While he was teaching these concepts, he also posed
many questions to students. During laboratory work, he walked around while
students were conducting laboratory activity and gave some advices. He also
encouraged students to solve any problem that happened during activity.
Moreover, he helped students to conclude ideas after they finished their
presentations. For laboratory teacher, he facilitated instrumental need of the

students. He also advised students how to use those instruments.

. In the second laboratory work, teacher was coordinator of discussion. He

also concluded students’ ideas and concepts after discussion. He explained
concepts of electric energy such as the importance of electric energy,
sources of electric energy, current, voltage, resistance, how to convert any
kind of energy into electric energy, how electric power plants work and so
on. During laboratory activity there were many problems, so both teachers
always walked around and helped with suggestion to students how to set up
instruments. Laboratory activity teacher also made appointments with
students in each group to continue conducting laboratory activity after the

scheduled hours.

. In the third laboratory activity, teacher was coordinator of discussion. He

explained about heat, transformation of different kinds of energy, calculation
of heat, the use of heat, and so on. During laboratory activity, laboratory
teacher guided students how to use instruments, especially temperature
sensor that had to be connected to computer to make a graph and table of
data. Students who could not complete the activity made appointments with
the laboratory teacher to conduct laboratory outside schedule. Also, they
made an appointment that every group would present their laboratory result

outside schedule as well.
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List

result

Teachers’ behavior

4.

In the fourth laboratory work, teacher was coordinator of discussion. He
explained what nuclear energy was, what nuclear reactions were, nuclear
energy power plant, what advantages and disadvantages of nuclear energy
were, and so on. He taught students by using nuclear energy post-it game.
During laboratory activity, he walked around to help students in case advice
was needed (but none was sought). Moreover, for presentation, teacher

joined with students to conclude ideas on nuclear energy together.

. In the fifth laboratory activity, teacher was coordinator of discussion. He

asked students for explanation how solar cell works. Then, after students
studied about solar cell by using real solar cell at the roof of the school
building, he helped students to conclude how solar energy generated electric
energy by means of solar cell. He asked students a question on factors
affecting solar cell working. Then, students conducted laboratory work on
what factors affecting solar cell working to answer that question. Laboratory
teacher arranged instruments for this experiment and suggested a little about
how to use them. Then, both teachers told them of their schedules so that
students could ask some advice about this experiment. Also, they made

appointment with students to present their results of laboratory work.

3. Student interviews

Five representatives of each group were interviewed for 5-10 minutes individually,

after they had learned through this course. They were asked to express opinions towards the

4E-C learning model. Results of the interviews were as follow:

Question 1: The opinions of students toward 4E-C learning model

Student 1: “This learning model is interesting”.

Student 2: “This learning model is new for me. | like it’.

Student 3: “It is one of the interesting learning models that is good”.

Student 4: “It’s okay. It’s better than other courses that usually use lecture”
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Student 5: “This learning model is very good because it allows me to learn from

conducting laboratory experiment like scientist”
Question 2: The opinions of students toward learning activities

Student 1: “The most favorite activity is adapting motor. The first time |
thought it was easy, but actually it was not. And I think
that it was very challenging”.

Student 2: “I think that activities were challenging, especially adapting motor”.

Student 3: “I like all activities. The most favorite is the discussion about energy
issues because we could debate about those issues”.

Student 4: “The most favorite activity is conducting project”

Student 5: “I like all activities. For the most favorite activity is the study of the
relation between kinetic energy and potential energy because it was
the first time | could make physics model”

Question 3: What students got after learned through this learning model?

Student 1: “I know the method of creating physics equation that I've never known
before”

Student 2: “I know how scientist creates model and how they work”

Student 3: “I know how to conduct project to create physics model’

Student 4: “I know more about contemporary issues about energy that
Involved in our life and about conducting project”

Student 5: “I know how to create physics equation and know how scientist works
and studies about the phenomena and fact’

Question 4: The opinions of students toward assessment

Student 1: “/ think it was good that there was no test because we already had
many tests in other subjects”

Student 2: “/ like the fact that teachers told us what they would assess by using
assessment form and | prefer this assessment than the test’

Student 3: “I like the fact that teachers allowed us to conduct project as the way
of assessment because it was the one of comprehensive knowledge
Strategies”.

Student 4: “I like to conduct project instead of the test and teachers
assessed our performance”

Student 5: “/ like this way of assessment because it could really measure our
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performance and because sometimes the paper test cannot measure
students’ real knowledge that actually some students can perform to
create their products better than someone who gains good score in
paper test’
Question 5: Students’ recommendations

Student 1: “I want more time to conduct laboratory activities and project and |
want this course to add the teaching of statistics and also the teacher
to conclude more about concept after doing laboratory work”

Student 2: “ think that we should have more time to conduct project”

Student 3: “/ want to conduct more laboratory experiment and | want teacher in
other physics courses to allow us to conduct more laboratory work”

Student 4: “I know that other physics course can’t have many laboratory activities
because there are a lot of content. But other elective physics
courses should focus on conduct in laboratory activity like this course”.

Student 5: "I think that this kind of course should extend to other subject such as
chemistry, biology, and other physics course. | want other subject to

be taught through by conducting experiment.

According to student interview, students are positive of the 4E-C learning model. They
know how to conduct experiment like scientist and also to creative physics model. They thought

that other subject should use this learning model to teach students.

4. Teacher interviews
3.4.1 Participating teacher in teaching physics content and laboratory activities:

‘I think that the objectives of the 4E-C learning model could encourage
scientifically G/T students’ creative productivity because they could conduct experiment,
especially new project. Students’ outcomes were very good and in accord with expected learning
outcomes. As for content, it was suitable because this course didn’t focus on content, but focused
on creating scientific model. The resources of this course were good because students could
search and find information by themselves. The assessment form was very good. They could
directly assess students’ creative productivity. The results from assessment could identify

students’ creative productivity”.



77

3.4.2 Participating teacher in physics laboratory activity:

“I think that these objectives could improve scientifically G/T students’ creative
productivity. Students’ conducting experiments and projects were excellent and in agreement with
expected learning outcomes. The content of this course was suitable. The learning resources
were various and new. The assessment form was good and easy to assess. So [ think that this

learning model was very good and suitable to scientifically G/T students”.

According to teacher interview, teachers have positive opinion of the 4E-C learning
model. Teachers could have more understanding about the theory of giftedness and also how

to develop learning unit to enhance creative productivity.



CHAPTER 5
CONCLUSION AND DISCUSSION

This chapter presents the conclusions of the study related to the objectives, hypotheses,

research instruments, procedures, conclusions, implications, and recommendations.

Objectives of the Study

Objectives of the study are:

1. to develop and implement learning model, the 4E-C learning model, for
enhancing creative productivity of scientifically G/T students

2. to study the results of implementing the 4E-C learning model on students’ creative
productivity.

3. to study the results of implementing the 4E-C learning model on students’ attitude
toward physics.

4. to determine students’ learning reflection from learning activity of the 4E-C
learning model.

5. to determine students’ opinions on the 4E-C learning model.

6. to determine teachers’ opinions on the 4E-C learning model.

Research Instruments

The research instruments used in the study are as follows:-

1. Student Product Assessment Form: this form was used to assess students’ creative
productivity pre-test scores from phase 2 and post-test scores from phase 3-4 of the 4E-C
learning model.

2. Students’ attitude toward physics questionnaire: this form was used to assess
students’ attitude toward physics both before and after they learned through 4E-C learning
model.

3. Students’ learning reflection form: this form was used to determine students’ learning

reflection after they had learned through the activities of the 4E-C learning model.
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4. Peer assessment form: this form was used to assess students’ projects by students
in the classroom, not by students in the project group assessed.

5. Team assessment form: this form was used to assess students’ team working by
students within the same group.

6. Student interview protocol: this form was used to interview 5 students’ opinion of the
4E-C learning model after they had learned through the 4E-C learning model.

7. Teacher interview protocol: this form was used to interview 2 teachers’ opinion of the
4E-C learning model after they used this learning model to teach scientifically G/T students.

8. Classroom observation form: this form was used to write down what the researcher
observed in the classroom during teaching and learning in all phases of the 4E-C learning

model.

Research Procedures

The research procedures were as follows:
Step 1: Learning model preparation:
The researcher studied related documents and gathered literature on definition of
G/T students, the three-ring conception of giftedness, identification of G/T students, and science
program for G/T students, model to enhance creative productivity, enrichment triad model, and
modeling method.
Step 2: Learning model design:
The following procedures were used in the learning model design phase:
2.1 Design learning model: the researcher developed 4E-C learning model based
on the three-ring conception of giftedness, enrichment triad model, and modeling method.
2.2 Writing learning model documents: the researcher wrote a draft of six learning
units following 4E-C learning model that consisted of: 1) principles, 2) course description, 3)
expected learning outcomes, 4) activity plans, 5) teacher guidelines, 6) assessment forms, 7)
learning unit resources, and 8) teacher’s teaching record.
2.3 Examining documents: activity plans and assessment forms were examined by
experts who checked the content and construct validity.
2.4 Selecting and preparing participating teachers: participating teachers are
volunteers who had at least five years experience in teaching physics to scientifically G/T

students at Mahidol Wittayanusorn School.
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2.5 Conducting a pilot study: the preliminary teaching study was conducted on
scientifically G/T students in grade 10 at Mahidol Wittayanusorn School in the second semester
of 2007 for 40 periods, during December 1St, 2006 — Febuary 28th, 2007. The aims of this
phase were to check the activity plans of the 4E-C learning model, to calculate reliability and
discrimination of assessment forms, and to familiarize teachers with the learning cycle strategy.

Step 3: Main study

This step aimed at implementing the 4E-C learning model concerning energy in
daily life in a real classroom. The 4E-C learning model was implemented by two participating
physics teachers at Mahidol Wittayanusorn School for 40 periods in the first semester of 2007,
during May 15" — August 31> 2007.

Step 4: Evaluating the learning model

This step was aimed at evaluating the 4E-C learning model. Students’ creative
productivity was assessed by using Student Product Assessment Form. Students within a group
assessed each other by using team assessment form and each group assessed other groups
by using peer assessment form. Also, students’ learning reflection was analyzed by using
induction analysis. Moreover, the researcher interviewed both students and teachers who

participated in the 4E-C learning model about their opinions toward the model.

Conclusion

The research findings were concluded as follows:-

1. Learning model development: the researcher developed the 4E-C learning model
based on the three-ring conception of giftedness, enrichment triad model, and modeling
method. Also, this learning model was based on the results of scientifically G/T students’
opinions of physics content and journals questionnaire and experts’ suggestion from
interviewing before developing learning model. So the 4E-C learning model was to enhance
creative productivity of scientifically G/T students by using it in the elective physics course,
Energy in Daily Life. The researcher developed learning units following the 4E-C learning model
phases. They were also based on the 4th and 5th standard strands of Thai National Education
Standard. The 4E-C learning model consisted of 4 phases: 1) encouraging issues, 2)

experiments for modeling, 3) creation of new model, and 4) exhibition.
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The experts examined the learning units and assessment forms. They were revised
and implemented as Energy in Daily Life course for scientifically G/T students by two
participating teachers.

The 4E-C learning model was to enhance creative productivity by creating physics
model both of physical and mathematical in nature for scientifically G/T students in grade 10.
The students worked in small groups to discuss contemporary issues about energy and
conducted experiments related to energy. These experiments were to create either physical
model or mathematical model. Both of these activities were in the first and second phase of
learning model that could be switched back and forth. Then, in the third phase, students
conducted projects in small groups to create new physics model. After that they presented their
projects in school in the last phase. The teachers facilitated extra time outside schedule among
other thing, and assessed their products in every phase of the learning model.

2. Learning model implementation

The results from the learning model implementation provided two types of data:

1) quantitative data for testing the research hypotheses

2) qualitative data for examining other effects of the learning model

2.1 Testing Research Hypotheses

In the implementation of the 4E-C learning model, data were collected to test the
research hypotheses and the results are as follows:-

2.1.1 Hypothesis |: After students learn through the 4E-C learning model as
Energy in Daily Life, they have higher creative productivity scores. This hypothesis aims to test
students’ creative productivity after they have completed the 4E-C learning model, Energy in
Daily Life. The pre-test and post-test scores were used to test this hypothesis by comparing the
mean scores with a paired-samples t-test. The pre-test scores were students’ average
laboratory scores from the second phase of the 4E-C learning model and post-test scores were
students’ project scores from the third and the last phases.

According to the t-test result, it was found that the pre-and post-test scores of
students were significantly different at the .01 level. This indicates that students gained higher
scores after they learned through 4E-C learning model.

2.1.2 Hypothesis II: students who learned through the 4E-C learning model,
Energy in Daily Life course, have higher post-test attitudes scores than pre-test. This

hypothesis aims to test students’ attitudes toward physics after they learned through the 4E-C
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learning model. The pre-and post-test scores were used to test this hypothesis by comparing
the mean scores with a paired-samples t-test.

According to the t-test result, it was found that the pre- and post-test scores of
students were significantly different at the .01 level. This indicates that students gained higher
post-test attitudes scores than pre-test.

2.1.3 Team assessment scores: the data of team assessment scores were to
support hypothesis | that students’ creative productivity scores are reliable if team assessment
scores of each student are not different. According to these data, it was found that students
who worked in the same group had no different team assessment scores. Therefore, the results
support hypothesis .

2.1.4 Peer assessment scores: the data of peer assessment scores did not
support hypothesis | because students’ project scores assessed by teachers and students were
not significantly correlated.

2.2 Conclusion from Qualitative Data

The qualitative data were collected through 1) interviewing students and
classroom activity observations, and 2) observing classroom activities as follows:

2.2.1 Student interviews and classroom activity observations: according to the
data, it was concluded that the students had positive attitudes towards 4E-C learning model.
They also had learned how to create physics model and improved their creative productivity.
They learned physics by conducting experiment with their own design. Also, they learned
physics that is related to their daily life. It is obvious that they have gained scientific skills from
their physics class, especially modeling skills and higher-order thinking skill that are so
important to be developed in high ability students in science.

Moreover, the students not only improved their scientific skills, inquiry abilities in
physics, and fulfilled their high potential, but also developed their searching skill, communication
skill, and social skill. They learned how to work as a team and exchanged experiences with
each other. They also learned to be a leader in science. In addition, they were more self-
confident.

However, they want to have more time to conduct laboratory investigation and
project. Also, they want to learn statistics to use for analyzing data from experiment. Students
recommended that other subjects should use this learning model to teach students and not only

focusing on lecture.
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In conclusion, both qualitative and quantitative data indicated that the students
developed their creative productivity, scientific skills, communication skill, social skill, leadership
skill, searching skill, and their positive attitudes toward physics.

2.2.2 Teacher interviews: according to the data, it was concluded that the
participating teachers had positive attitudes toward 4E-C learning model. They claimed that the
4E-C learning model was a good model of teaching physics for scientifically G/T students
because it was the student-centered approach. In regard to the learning activities, they helped
the students improve creative productivity, inquiry skill, scientific skill, leadership skill, and
communication skill. In other words, students improved all the learning aspects, especially
higher-order thinking. The teachers were also satisfied with teaching the students by using the
4E-C learning model because their students had learned physics from their daily life. This
enables them to be aware of the importance of energy in their daily life.

However, the participating teachers found some problems while teaching Energy in
Daily Life. These problems were 1) limitation of instruments, 2) limitation of time, and 3)
limitation of advisors for doing projects. In conclusion, the participating teachers are confident

that they are able to apply the 4E-C learning model to teach other physics courses or topics.

Discussion

The following are discussions on the study results:
1. Students’ creative productivity

In regard to students’ creative productivity, the pre- and post-test scores showed
that the mean pre- and post-test scores of the students were significantly different at the .01
level. The result supported the first research hypothesis that students who learned through the
4E-C learning model would gain higher creative productivity. Students’ creative productivity was
assessed by using Student Product Assessment Form. This form has 15 items of assessment
that focus on 1) creative product, 2) task commitment, 3) scientific skill, 4) modeling skill, and 5)
communication skill. Also, team assessment scores supported hypothesis | that each student in
each group had no different team assessment scores. However, students’ project scores
assessed by students in the classroom were not significantly correlated to scores assessed by

teachers. That may be because the forms used to assess by teachers and students were
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different. Moreover, peer assessment form was used to assess only one time. So these scores
may be not reliable.

In regard to the learning activities, students were allowed to focus on discussing
and debating energy issues, conducting experiments of their own design as a small group, and
creating physics model as well as design and conduct their own project to test their new
physics model. The students then presented their findings’ experiments and projects. As a
result of these procedures, the students gained higher creative productivity. The result supports
the article of Rutgers University (2006: 34-39) that claimed the role of model in physics
instruction as being the effective approach in physics. Wells; Hestenes; & Swackhamer (1995:
606-619) also found that students who learned physics by using modeling method gained
significantly higher score and had more understanding in mechanics. The result supports the
findings of Tsai (1997: online) which found that enrichment model was an effective learning
model for gifted students. Tsai studied primary students who participated in enrichment model
pilot program based on Renzuli’s enrichment triad model. Also, the result is similar to the
finding of Cooper; Baum; & Neu (2004, 162-169) which found that G/T student in science who
participated in “project high hope science program” that followed three procedures -
identification, curriculum, and assessment - gained higher scores in science. Moreover, the
result supports Van Tassel- Baska (1998, online) that claimed how planning science programs
for high ability learners should focus on inquiry, higher-order thinking, and science process skill.
The result support Alan Colburn (1997: 30-33) that learning cycle is a great strategy for middle
school and high school science teaching. Also, it supports Mary M. Bevevino, Joan Dengel, and
Kenneth Adams (1999. 275-278) that using the learning cycle format, the teachers can make
learning meaningful for students and give students opportunities to use their prior knowledge
and experiences to construct their own frames of thought.

According to the learning outcomes, it is suitable to teach scientifically G/T students
with the 4E-C learning model because this learning model provides them with opportunity to
carry out independent study, plan and design, conduct experiments, analyze data, transform
data, make graph from data, and model new physics model from their study. Therefore, the
learning activities of the 4E-C learning model are good activities for use with scientifically G/T
students in both experiments and projects in other physics courses.

However, the one important thing is that these G/T students already have high
potential. They can learn very fast and have task commitment. So this learning model is one

part that helps them to improve their creative productivity based on their high ability.
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2. Attitudes towards physics
Attitudes of the students who learned through the 4E-C learning model as Energy
in Daily Life course were significantly different at the .01 level. The result indicated that
students have significantly higher attitudes toward physics scores. The finding supports the
second research hypothesis. The result is similar to the findings of Stake; & Mares (2001,
1065-1088) which found that science enrichment programs for gifted high school girls and boys
improved confidence in science and motivation of gifted students.
3. Students’ opinions
The opinions of students who learned through 4E-C learning model were positive.
Students thought activities of 4E-C learning model, especially adapting motor experiment were
interesting and challenging. They also liked conducting project because it was the integration of
knowledge that led to become a creative product. Some students really liked discussion and
debating. They had opportunity to improve their communication skill and become a leader in
science. However, they wanted to have more time to discuss in the first phase and to conduct
project in the third phase. In regard to assessment they thought that the authentic assessment
was very good and the Student Product Assessment Form could exactly assess their products.
They also thought that conducting project was one of the best ways to evaluate students’
accomplishment.
4. Teachers’ opinions
Teachers thought the 4E-C learning model was a student-centered approach. This
learning model encouraged creative productivity of students through conducting experiments
and projects. Teachers understand about the three ring conception of giftedness. The content
and objectives of this course were suitable to the potential of students. The assessment of this
course was also very appropriate because it was real authentic assessment and focused on
students’ creative productivity. This result was different from the first survey that the researcher
carried out before developing 4E-C learning model. Those results of the survey indicated that
teachers didn’'t have good understanding about learning theory of G/T students. But after the
two teachers used the 4E-C learning model to teach Energy in Daily Life course, they had more

understanding about theory and strategy of teaching G/T students.
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Recommendations

As regarding the development and implementation of the 4E-C learning model, Energy
in Daily Life elective physics course, was aimed at enhancing creative productivity for
scientifically G/T students, to further enhance the effectiveness of this learning model and to
stimulate students to achieve in all expected learning outcomes, the researcher recommended

the followings:

1. General Recommendation

1.1 Application of 4E-C learning model

The 4E-C learning model can be used for other physics courses or topics such as
electricity, nuclear physics, mechanics, etc. Also, this learning model can be adapted for use in
other subjects such as biology, chemistry, biophysics, etc. However, the teacher should
consider content and objective to be suitable to those topics or subjects.

1.2 Application of learning activity

For application of this learning model to be the most successful, there should be
at least two teachers because the 4E-C learning model focuses on conducting laboratory
activity. So students should have teachers to help them most of the time. The teachers have to
set up and check some instruments for laboratory experiment before the class, and also to
prepare extra and unexpected instruments just in case students ask for. The teachers should
have enough time for students even outside class time. Also, students should have expert
advisor to help them for conducting project. However, if there is only one teacher that is still
manageable, but the number of students in classroom should not be too large.

The teacher may integrate mathematical skill or mathematical program to teach
students in phase 2-3 of the 4E-C learning model.

1.3 Application of assessment forms

Assessment forms of 4E-C learning model can be used for every subject in
science because these forms are authentic assessment and not solely focus on physics. So
any subject in science that has objectives or learning outcome, focusing on developing creative
productivity or modeling skill can use the assessment forms of the 4E-C learning model.

2. Recommendation for further studies
Recommendations for further studies are as follows:

2.1 Regarding Limitations
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The students’ creative productivity scores were significantly higher. However, when
each phase was considered there were still some problems. For example, there was the
limitation of time for phase 1-3 of learning model in which students wanted to spend more time
in those phases, and there was the limitation of some instruments in that there were not
enough for students.

So further studies should allocate the time for each phase more suitably, especially
the third phase should have at least three-fourth of the total time. Also, there should be more
instruments in number. However, some of them are expensive, so the researcher should devise
different activities that lead to the same outcome.

2.2 Regarding Content

Further studies should consider the content change from energy in daily life to
other physics content or special topic content such as nuclear topics, renewable energy,
biophysics, etc. Also, further studies should change the content from physics to be chemistry,
biology, or any other science area.

2.3 Regarding Assessment

Further studies can extend the use of the assessment forms, especially the
Student Product Assessment Form for any subject in science. However, some items of
assessment forms can be changed to focus on other lower or higher scientific skills. Peer

assessment form should be used by students more than once, to be more reliable.
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APPENDIX 1:

(In Thai)

1.1: Students’ opinions of physics content and journal questionnaire
1.2: The GIT service questionnaire of teachers’ understanding about
G/T services

1.3: The result of index of correspond from experts
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The results of index of congruence for content and construct validity of learning

units as evaluated by 5 experts

Learning | Expected | Content | activity | Learning’s
Unit learning sheet reflection result
outcome question
1 0.96 1.00 1.00 1.00 Strongly congruence
2 0.97 1.00 1.00 1.00 Strongly congruence
3 1.00 1.00 1.00 1.00 Strongly congruence
4 1.00 1.00 1.00 1.00 Strongly congruence
5 1.00 1.00 1.00 1.00 Strongly congruence
Note: 0.75-1.00 = strongly congruence
0.50 - 0.75 = congruence

Less than 0.5

have to modify

The results of index of congruence for construct validity of assessment forms as

evaluated by 5 experts

Assessment form X result
1. Student Product Assessment Form 0.97 Strongly congruence
2. Students’ attitude toward physics questionnaire 1.00 Strongly congruence
3. Peer assessment form 1.00 Strongly congruence
4. Team assessment form 1.00 Strongly congruence

Note:

0.75 - 1.00

0.50 - 0.75
Less than 0.5

strongly congruence

congruence

have to modify




APPENDIX 2:

(In Thai)

2.1: Teacher’s guide of the 4E-C learning model
and brief of lesson plan

2.2: Sample of activities and Students’ tasks
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