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ABSTRACT
The objectives of this research were to construct a linear programmed lesson

on the topic of “Energy”, and to study the learning achievement of mathayomsuksa
one from the lesson.

The lesson quality was assessed and developed by evaluation from students
who were not in the sample group. The development was composed of 3 steps, in the
first step the 3 students with a poor learning result read, the second step let the 10
students who had a moderate learning result read, and the third step let 30 students
with poor, moderate, and good learning results read, step 3 had 10 students in each of
the three groups. The sample group was mathayomsuksa one, class 1/3 of
Wachirathamsathit School, Prakanong District, Bangkok Metropolis, during the
secondary semester of the academic year 2002. The research design was a One Group
Pretest-Posttest Design. The learning achievement was measured in both pretest and
posttest. Data analysis was done by using t-test.

The experiment results illustrated that the knowledge scores in posttest were
higher than pretest scores at a statistically significant level of 0.05 .This means that the
constructed programmed lesson on the topic of “Energy” had enough efficiency to
give knowledge to students in that group, therefore a teacher is able to use this
programmed lesson for teaching-learning. The lesson is also useful to learners for
supplementary knowledge development by themselves.

The recommendation from the study is that there should be continual research
on teaching-learning media development for other environmental subjects.

KEY WORDS: CONSTRUCTION / PROGRAMMED LESSON / ENERGY /
MATHAYOMSUKSA ONE
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CHAPTER I
INTRODUCTION

1.1 Rationale and Justification

Every people in the world wish for similar target of having good quality of
living, so it makes humans searching to fulfill their needs. Simultaneously, there is
existing development of the continual technology progress. Increasing number of
population growth causes the rising of demand of essential fundamental factors for
production and consumption gradually. Energy is the important basic need for living
of population in both urban and rural areas. It is also basic elements of business and
industrial sectors. Therefore, if there is no energy, the rural people would have no fire
wood for cooking. The housewife has no natural gas for food preparation either.
People have no petrol for filling the car. The house and company have no electricity
supply. The elevator could not work. Consequently, the business would bring to a halt
because the transportation system ceases, and a variety of activities could not be

preceded further because it lacks of energy.

From the analysis of energy consumption situation in Thailand, it was found

that there is the increasing number of people, one million persons per year, who use the

energy . , The economic development of country is going to expand in the future, the
demand of energy will increase 12 percents approximately. It is anticipated that in the
future our country must depend on imported energy more than 50 percents. At the
same time the current utilized energy is not enrich enough, and the prize is rather high

(Thailand Vision: View of Society of Student of Thai Government Fund: 1998).

Petroleum included of raw oils to its products such as diesel. It is a major

source of energy that is used in the country. At present, amount 45 percents of energy
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consumption in the country is imported. 20 percents of the energy source in country,
come from the natural gas, and lignite and it is the non-renewable energy. Moreover,if

we still use 10 percents increaseing of every year, it is about 20 years in the future,

there is no longer left.for consumption further. Even though it was found the source
for reserving energy (Thailand Vision: View of Society of Student of thai Government

Fund: 1998).

Electricity is a convenient form of energy for using during the passing period.
The rate of consumption is 14 percent increased in each year continuously. It results
from the expanding of business and industry as important sectors. It causes the power
board to consider to construct the new power plant every year. It leads to problems of
site for power plant, pollution, community protection, money investment, energy

supply, and the problem of increased electricity expense.

Coal and lignite are the subsequent important energy source of the country
that are the reserved amount enough for present. Most of them are used in form of
electricity, fuel and raw material in the cement industry, used for boil stream system in
the different industries. At the moment, the demands are increased for that reason.

There is imported coal for abroad about 2 millions tons per year.

Communication and transportation are the highest energy consumption of
economic segments. The rate of consumption is increasing ceaselessly. The number of
every type of car which is rising causes the traffic congestion in the big city so the
energy utilization in this sector is inefficiency.The industry is the subsequent sector
of high energy consumption and increases the rate of consumption because of the
rapid progression of industrial business. For household and business building sector
is high energy consumption due to increments of condominiums and department

stores.

From the total data, it is subjectively seen that the energy consumption of the

country, particularly, the petrol and electricity have increased rate of consumption
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rapidly. The average is about 10 percents each year. It is illustrated that there is
inefficient consumption and the energy is consumed without worth so it still causes
the problem of power plant construction, and searching energy for supplying the
electrical power plant, and to respond for the other demands as well. The consequent
problems are the money investment, the expense for constructing building and
searching for energy supply, energy exhausted in the country, pollution problem and
pollutant that is occurred by production process, transportation, and energy
consumption (Thailand Vision: View of Society of Student of the Government Fund:

1998).

The Eighth National Economic and Social Development Plan B.E.2540-2544
defined the measures of energy problem solving into 2 guidelines to cover the energy
supplying and utilization aspects. For energy supply, it’s objectives are to have
sufficient energy for the long term demands in the appropriate prize. The
implementation measure is accelerated for surveying of oil, gas, and lignite excavation.
Development of hydro power plant, project of power plant construction , promotion
for private sector are to be invested in energy aspect inside and outside the country. In
another aspect, the law is issued for promotion of energy conservation and
establishment ofenergy conservation fund.In order to promote the energy consumption

economizingly, efficiently, and sustainably, some measures and programs must be

initiated.

Utilization of Energy with worth and sustainability is the responsibility of
everyone in the society to cooperate for ourselves and nation. Education and
National Youth have been responsible for the national future further so the education

will be important part of <human~ development that they are the valuable resource of

society to have desired quality and characteristics, and they are able to live together
peacefully. Therefore, the important factor is to introduce the education for
environmental problem solving. The energy is a component of environment, hence
the accurate basic knowledge and comprehension on energy will lead to use the

energy maximum profit and sustainability.
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For that reason, in the Act of National Education B.E. 2542 (Department of
General Education: 18) has established the guideline of education management in the

section 23, item 2 mentions that “It must promote knowledge and skill in the aspect of

science and technology, including knowledge, understanding, and experience on
maintenance management and sustaminable utilization of the natural resource

and environment”.The basic educational curriculum B.E. 2544 of Ministry of

Education has defined an important aim of education that leads to the consciousness of
conservation of Thai language, art, culture, sport, indigenous wisdom, natural

resources and environment development.

In the portion of environmental conservation and development, three content
group of social studies, religion, and culture (Ministry of Education: 10-11) is defined
in the content group 5, Geography, standard 5.2 about the comprehension on the
interaction between human and physical environment to create the culture and raising
the consciousness of natural resource and environment conservation for sustainable
development by defining the learning range of level 1-3 secondary school as follows:

1) Analyze the natural environment and resources of country and different
regions of the world, the relation between economic system and society, realize the
right, duty, regulation, situation, activities involved to the management of resource
and environment, self performance, and propose the way of problem solving for
promotion of local environmental quality.

2) Realize the value of cultural environment of country and various regions of
the world, and analyze the occurring of new social environment, which is the results
from the changing of population, economy, society, and culture, including comparison
the way of life of Thai society and others that effect to environment, and
understanding the problem and being able to propose the way of problem solving and
adjusting the value and way of life for conservation.

3) Evaluate the impact of human activity and the change state of population,
migration, that effect the problem and crisis in the facet of natural environment and
society, be aware of the results of problem and crisis towards life quality, perceive the

importance of maintenance of environment quality, realize the measure and effort of
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environmental problem solving, have skill for decision making, and choose to
perform, and play role in management and problem solving of local resource and
environment.

4) Have skill to study, and investigate the environmental information
extensively, and introduce the information to employ for solving the problem

systematically.

It is obviously seen that teaching-learning according to the basic education
curriculum B.E. 2544 of Ministry of Education, defines the main objective to group of
social studies, religion, and culture to cover the issue of conservation and creation of

every environmental issue sustainably.

In the standard of learning the range of level 1-3 secondary school, learning
content of social studies, religion, and culture is defined in the content group 5,
Geography, standard 5.2 about the comprehension on the energy is a part of
environment to make the learner have basic knowledge and understanding about
energy, lead the learner to be aware of and perceive the importance of energy,

simultaneous energy saving by using the energy economization and sustainability.

In order to accomplish the aforementioned target seriously, it is essential that
the teacher must introduce the teaching-learning patterns, and supplement with the
innovation of transferring knowledge for effective learning and understanding to
accomplish the highest achievement. Complement with the situation of Thai society at
present, changing current and rapid progress in different aspect, people preparation to
have quality to keep up with the changing occurrence in the globalization age, are
necessary. The education is an essential tool for development of economy, society,
politics, culture, and environment of country actually. The target of educational
management must aim to create “the learner” that is the direct product of education to
have the characteristics of high potency, and capability of self, social and, national
development to lead to success. The Supervisory unit of Department of General

Education (1999: 15) has gathered the mentioned characteristics as follows:
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1) Be alearning person who has the characteristics of searching for
knowledge and learning through self-learning.

2) Be able to have analytical synthetic thinking, valuable evaluation, and
creative thinking.

3) To have capability to obtain, transfer, and develop technology creatively.

4) Be able to solve and face with new situation

5) Know to work as a team.

6) Be aware to participate in conservation of culture, environment, democratic

administration, and moral in accordance with religious principle.

It is accepted in the educational field that Learning management that
stresses on the learner-centered is important mean to be able to construct and

develop “learner” to have the different characteristics according to the desire of

present society. The concept of teaching-learning management that emphasized
learner centered is obvious subjectively when the Ministry of Education has
established a main strategy of educational reform, and it is also congruent with the
Act of National Education B.E. 2541 as presented in the Unit 1 has the aim and

principle of education that “Education has the highest importance and role for

sustainable development of country.”

Therefore, it must lead to educational management for people development to
be a perfect human both physic, mind, intelligence, knowledge, morality, ethics,
culture of living, and be able to live with other peacefully (Section 6). In the unit 4,
the concept of education management that illustrates about the importance of learner

development that “Every learner has capability of learning and self-development. The

learner is the most important process of education management and we must promote

the learner to develop naturally and full potentially.” (Section 22). The process of

education management must be developed effectively, and arrangement of learning
process, content, and activities must be relevant to the interest and aptitude of the
learners.

The programmed lesson is a technique of teaching-learning management
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that emphasized the learner-centered, and it is a type of learning arrangement by
using technology. It is the teaching-learning method of making the learner learn by
himself according to the sequential arrangement continuously. The result is occurred
according to the defined target and learner is able to evaluate the result promptly by

himself.

Teaching with programmed lesson has the fundamental from introduction of
basic principle of learning psychology that is used to design in regard to learning
behavior, reinforcement theory, and operant conditioning theory. It regards the
relationship between stimulant, response, and reinforcement as important part of the
aim to develop the learner to effective learning (Kidananth Malithong, 1988: 150).
Teaching via the programmed lesson i1s a teaching technology that is employed to
solve the problem of individual difference, saving the teaching time, and promoting
the learner to investigate the additional knowledge. The programmed lesson is
successfully used with the students of primary to secondary level, including the adult
education and in every subject (Orapan Pornsima, 1987: 27-28). Particularly, the
students in the secondary school of 1-3 levels who are the teenages whose age range
12-15 years olds .These students have rapid development of intelligence in terms of
good memory, high concentration, critical thinking, and attempt to search new

knowledge. In addition, they have imagination, need freedom to express their opinion,

and love to make trial and error with self performance (Sucha Chan-Em: 1984: 149).
So if there is a mean to promote and support the development in the aspect of
intelligence of students in that age by following the sequence of continual
development, it will have the good affect to intelligent development of next period of
age. The programmed lesson teaching is a mean of teaching that assists to develop the
student intelligence in the early stage of teenage very well because it is a medium that
give a change for student to learn by himself by giving the independent thinking, and
help to support for searching the answer and solving the problem by himself. It is
congruent to the feature of intelligent development of secondary school of 1-3 levels

that is arranged at the early stage of development.
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As the result of the aforementioned above, the researcher would like to

implement the construction of liner programmed lesson on the topic of “Energy” for

teaching supplement for group of learning content of social studies, religion, and
culture, content 5 geography, standard 5.2 about the comprehension on the interaction
between human and physical environment to create the culture and raising the
consciousness of natural resource and environment conservation for sustainable
development for secondary student level 1 for knowledge promotion, basic
comprehension of energy issue and it leads to the concept of sustainable energy

conservation further.

1.2 Research Objectives

1.2.1 To construct the programmed lesson on the topic of “Energy” for
teaching supplement for group of learning content of social studies, religion, and
culture, content 5 geography, standard 5.2 about the comprehension on the interaction
between human and physical environment to create the culture and raising the
consciousness of natural resource and environment conservation for sustainable
development for Mathayomsuksa one.

1.2.2 To study the learning achievement derived from using programmed lesson

on the topic of “Energy” for Mathayomsuksa one.

1.3 Research Scope

1.3.1 The content of constructed programmed lesson is in the group of learning
content of social studies, religion, and culture, content 5 geography, standard 5.2

according to the curriculum of basic education B.E. 2544, Ministry of Education.

1.3.2 The content of constructed programmed lesson on the topic of “Energy”
covers particularly energy as follows:

1) Meaning, type, and importance of energy
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2) Form, and law of energy

3) Source of energy

4) Energy in ecosystem

5) Situation and problem of energy utilization in Thailand

6) Conservation of energy

1.3.3 The constructed programmed lesson is the lesson of linear program.
This type of program will arrange the sequences of content in the frame by starting
from first frame, second frame, and third frame to the end until it is completed. The
learner must learn orderly by starting from the first frame to the last frame, and it can
not skip any frame. The linear programmed lesson will contain few content in each
frame but continue sequentially, and the exercise in the lesson will be choice for

selection to answer and the learner will construct the answer by himself.

1.3.4 The sample employed in this research is the Mathayomsuksa one of
Vachirathamsathit School, Prakhanong District, Bangkok Metropolis, the secondary

semester of academic year 2002.

1.4 Research Hypothesis

The students who studied the programmed lesson on the topic of “Energy” of
group of learning content of social studies, religion, and culture, content 5 geography,
standard 5.2 for Mathayomsuksa one would have the mean scores of posttest

statisticaly and significant higher than the mean scores of pretest at 0.05 level.

1.5 Definitions

1.5.1 Programmed Lessons means the lesson constructed for teaching or
learning by one-self., and the lesson had the important content that is divided in to

sub-unit as frame and each frame contained of content, picture, and question
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continuously by starting from easy content to more difficulty in the sequence. The

learner must learn step by step continuously and the understanding little by little.

1.5.2 Energy means the different form of energy that is introduced to use to
obtain the work therefore, the energy is not from gasoline for car but it means to
other different form such as electricity, oil, charcoal, fire wood, including anything

that can create the work such as wind, and solar energy for instance.

1.5.3 Learning Achievement means the mean score of student from the
pretest and posttest after learning with programmed lesson on the topic of “Energy”

for Mathayomsuksa one.

1.6 Expected Output

1.6.1 Obtain an effective document for self-learning that is programmed
lesson on the topic of “Energy” for student of Mathayomsuksa one.

1.6.2 Create the knowledge and understanding on the topic of “Energy” for
Mathayomsuksa one, and students can distribute their knowledge to others correctly.

1.6.3 The teaching-learning process emphasized on student centered by using
for learning content of social studies, religion, and culture, content 5 geography,
standard 5.2 for student of Mathayomsuksa one. It will be good example for
distribution and promotion of teaching-learning that emphasized the student-centered.

1.6.4 It responds to the Act of National Education B.E. 2542, that emphasized
educational management of student centered principle that everyone is able to learn
and develop himself, and the learner is the most important.

1.6.5 Self-learning with programmed lesson on energy is a method that is able
to well evaluate of reading, writing, analysis, and student interpretation in the
Mathayomsuksa one level of group of learning content of social studies, religion, and
culture according to the principle of measurement and evaluation of learning

achievement in accordance with the basic educational cirriculum B.E. 2544.
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CHAPTERII
LITERATURE REVIEWS

To construct the programmed lesson on the topic of “Energy” for teaching
supplement for group of learning content of social studies, religion, and culture,
content 5 geography, standard 5.2 about the comprehension on the interaction
between human and physical environment to create the culture and raising the
consciousness of natural resource and environment conservation for sustainable
development for Mathayomsuksa one according to the basic educational curriculum
B.E. 2544. There are document and related research that can be divided into 3 parts as
follows:

1. Programmed lesson
2. Knowledge about energy

3. Related literatures

2.1 Programmed Lesson

The programmed lesson can be called by different terms such as
Programmed Learning, Self-Instruction Program, and Automated Learning for
instance.

The numerous academic person has given the meaning of programmed in

different views as follows:

Boonkue Khuanhavech (1999: 38) stated that programmed lesson is the
management of teaching-learning process to let learners learn according to their
ability effectively. The program producer may construct in the feature of tool that is
called computer assisted instruction or in form of text, book or handbook that are
called programmed lesson or construct in other feature that depends on the

appropriateness of work using.
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Chaiyong Promwong, (cited in Boonkue Khuanhavech, 1999: 38-39)
offered that programmed lesson is the management of teaching-learning that provides

an opportunity for learner to perform a learning activity by himself, according to the

content that provides in the sub-step that learner has a chance to evaluate learning
result by himself by looking from the regular refection. Therefore, they can receive
the additional knowledge from the content that they have not good enough knowledge
because the learner can select to learn according to their interest, and progress by

following individual ability.

Witich & Shuller, (cited in Boonkue Khuanhavech, 1999: 38) mentioned
about meaning of programmed lesson that is process of teaching-learning by regular
ordering little by little to learner. The lesson in each section will provide the issue for
learner to learn in particular topic. There is the problem involves that issue directly in
order to let learner answer that question and then it will give the right answer for that
issue pertinently. Each section of programmed lesson will composed of the divided
content into sub-unit that is called frame. The prior frame will connect the next frame

regularly.

Watanaporn Ra-Ngubtuk, (1999: 29) explained the meaning of programmed
lesson that is management of teaching-learning system to let learner learn according
to individual ability with the practice activity sequentially. It will receive the response
promptly and progress according to individual capability and convenience. The
package program is the lesson to present the content of any subject in term of
subsection in form of frame by present the content little by little and providing the
question to let learner think and answer, and provide the answer promptly. Most of
programmed lesson may be in term of printing material that presents the concept that

is sequential

Prayad Jiravorapong (2001: 224), stated that programmed lesson is the
lesson that is set for learner to learn little by little orderly by answering the problem
and checking the answer by himself. It is a activity that is provided for learner to learn

according to his ability.
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Sukhon Kruenamkam (1978: 42), presented that programmed lesson is a
educational tool that is able to acquire experiences that is provided alphabetical order

according to lesson arranger believes that it leads student to desired capability.

Pairoj Baojai (1977: 1), gave the meaning of programmed lesson that it is a
teaching medium. The learner can learn by himself so he can learn fast or slow
according to his ability, and the learn must learn by practicing according to the

suggestion of lesson strictly and honestly.

Vichit Srisa-An (1973: 65), uttered that the package program is a method of
writing the textbook that differs from the general used textbook. The difference is the
arrangement the sequence of content by dividing unit and subunit (frame) and each

frame is provided the correct answer for checking.

Pruang Kumut (1972, 1) offered the meaning of programmed that it is the
provided sequential experiences for learner to accomplish the desired capability by

depending on the principle of the relation between the stimulant and response.

Schramm, (1964: 98) stated that programmed lesson is an arrangement of
learning experience orderly for teaching student from the set specific behavior

objective to lead student to desirable objectives.

From all of the above-mentioned definition, it can be concluded that

Programmed Lesson is a learning process arrangement for self-learning to learner
sequentially and it composes of content that is divided into subunit as frame with the
question and right answer at the end in order to let the learner to learn according to

individual ability.

The researcher has consider this type of learning process suitable for
Mattayomsuksa 1 to 3 students. It is the process in which the results of the

student’ dicisions can be known at once. This kind of learning process matches
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the characteristics of this age group who express a high degree of curiousity.
By providing them immediate response, they will become more interested and

pay attention to the lessons through the end.

2.1.1 The development of Programmed Lesson

Programmed lesson has the starting point at the United of America in
1920 by professor Sydney L. Pressey, of Ohio University. He invented the Teaching
Machine to test the student and after that it was improved, hence it was distributed in
1929, but there was not popular. In 1957, Burrhus F. Skinner, of Harvard University
in America, invented the automatic teaching machine by depending on principle of
Operant Conditioning, and distributed in the academic documents.The learning theory
of reinforcement was accepted popularly in that age so the utilization of teaching
machine has been known in the education field. Afterward it is developed to be

programmed lesson.

Programmed lesson was a book that presented the content in the feature of
information given and questioned, then the learner must thought about the answer
before going forward. The learning characteristics of programmed lesson were
according to the concept of Skinner that had the series as follows:

1) Presented the information or content according to the series with
each item for each step.
2) Had the method to let learner search the answer for each problem.

3) Told the learner to know promptly that the answer is right or wrong.

Programmed lesson according to the style of Skinner was written by Holland
and Skinner.It was divided into 14 parts and each part had 2-6 sections. Each section
had various frames that compose the statement for learner to fill in the blank. Each
frame had the right answer for question in the previous frame to prevent learner
from seeing the answer. The question will place in sequence at the right hand side
only. The characteristics of programmed lesson is a linear program that is ordered

from first frame to last frame.
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In 1955, Norman A. Crowder, constructed the programmed lesson in other
type by dividing content in each part with rather short content, including setting the
question with the 4 answers for selection. If the learner choosed the right answer he
could learn the next frame but if he got the wrong answer, it would provide the right
answer to tell why it was wrong. Therefore the student must go back to study the prior
content again, then he would select the new answer. The program constructed by
Crowder combined of learning on teaching content and test together. This type of
program is called branching program. Furthermore, the programmed lesson had
developed by using concepts of Skinner and Crowder as main ideas.The programmed
lesson in the later age was brought the technique of analysis about learning process to
unite, including introducing the different type of teaching media to use for learning of

programmed media (Theerachai Puranachote, 1989: 7-9).

2.1.2 Basic Psychology of Programmed Lesson

The Construction of Programmed lesson is based on the learning

psychology as important fundament, that are psychological principles of Edward Lee
Thorndike, Hall and B.F. Skinner.

2.1.2.1 Learning Principle of Thorndike

Thorndike is the first learning theorist of United of America, and he can be

accounted as “Father of Educational Psychology”. He stated that «Human will do

thing to make him satisfied and he will avoid from thing that make him unsatisfied.
From this concept, it became the important learning principle as follows:

1) The state of problem will stimulate the learner to express their response
behavior.

2) The learner will express the different behavioral responses to solve that
problem.

3) The response that did not make his satisfaction will be decreased or cut of

that response.
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From these principles, Thorndike established the learning law that were as
follows:

1) Law of Effect mentioned about the connection between stimulant and
response, these two s can be joined together if it can make the learners to satisfy until
the learner is sure that his response is right or giving reward for instance.

2) Law of Exercise, the learner has a change to do it repeatedly or frequently
in any behaviors, it makes that behavior to be more stable and complete. It will be
more or less depend in the chance of exercise and practice in that issue appropriately.

3) Law of Readiness, when the body has readiness to do then it will respond
or act any behavior so if there is a chance to act he will satisfy but if it is not ready
to respond or act any behavior therefore if he is compelled to so he would be satisfied

as well.

2.1.2.2 Learning Principle of Skinner

Skinner is the psychological professor at Harvard University who had the
opinion relevant to Thorndike stated that “Any action, if it receive the positive
reinforcement will have tendency to act again, but any action that lacks of

reinforcement will have tendency to cause the frequency of that action to be fade out”

Learning Principles of Skinner were as follows:

1) Learning principle due to have the external stimulant to stimulate to
act the behavior was called Classical conditioning that has the automatic feature to
make learning occurred so the response or learning to stimulant must have the
condition or building the situation to be occurred.

2) Operant Conditioning is the learning that learner acts by himself so
it is no need to have the external stimulant to stimulate but it occurred from internal

stimulant of learner to be a stimulant to act the behavior.
2.1.2.3 Learning Principle of Hull

Hull is an American psychologist brought the Mathematics principle to

construct the psychological theory systemically. He believed that the human and
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animal will have learning that they need to build the drive. The expressed behavior of
learning would be more or less that is occurred from the multiplying between drive
and habit of that person when that person receives reinforcement and there are
necessary components of learning that are capability, motivation, understanding, and
forgetting.

These learning theories were brought as fundamental principle for
constructing of programmed lesson that were as follows:

1) Learning principle as response type S-R Theory or Operant
Conditioning are learning that is arranged the lesson to be stimulant that has
reinforcement inside. The stimulant that have the reinforcement are knowledge or
problem that challenges the interest so answer and reward will be reinforcement
promptly after the response occurred.

2) Reinforcement Theory, learning of human will have the feature of
action (response) continuously, and the learner will have the inspiration to learn
further. When the learner has responded, and he perceived that the response is right.
He will get the reinforcement better than receiving any reward. The programmed
lesson brought the knowing learning results to be reinforcement by having the answer
in each frame or each part in order to let the learner to know that his answer is wrong
or right.

3) Learning theory, learning of human is depended on the readiness of
body and mind that will lead to link between stimulant and the corrected response.
The frequent exercise combined with the learner satisfaction will cause the long and

permanent learning.

It is obviously seen that theory of psychological learning principle of Skinner,

Thorndike and Hull placed on the same basic thinking that is seeing the nature of
learning of every learner. There were as follows:

1) Self-learning will make the learner to have clear, accurate, and right
understanding.

2) The readiness of body and mind will make learner to learn with full

willingness and competency.
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3) Learning of person that received the prompt response will be
reinforcement of learning for learner , particularly, the right learning will reinforce to
learn until finish but for the wrong learning, the learner can go back to study until
understand and return to do again.

4) Learning with frequent exercise will be permanent and long existing

Concluding the concepts of three persons above, the researcher take it to
be the important principle for the construction of programmed lesson on the topic

of “Energy” for Mathayomsuksa one, the content group of social studies, religion, and
culture, the fifth : geography, standard 5.2, The researcher construct the feature of
programmed lesson, that is able to learn by oneself according to his potency. in order

to have frame of knowledge by giving the continual knowledge correctly and clearly.
In additionally, it has the exercise frame that responds the wrong and right knowledge
punctually by no limitation of learning time but it depends on the readiness of learner

as an important part.

2.1.3 Characteristics of Programmed Lesson

Suwat Muthamaytha (1980:311) said that the programmed lesson was
arranged by holding the principle of continual experiences, and reinforcement with
provided the stimulant to stimulate learner. The learner respond as learning behavior
according to objectives. The programmed lesson had the base from psychology of
Operant Conditioning theory that had the important principles as follows:

1) Learning is the continual relation of experience. Therefore , the
lesson or the learning experiences was arranged in term of section and each section
composed of the concept or principle that related in series in order to let the learner
learn conveniently.

2) The programmed lesson production should be done by arranging
the knowledge as section or frame that related continuously in order by beginning

from being easy to difficult.
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3) Reinforcement is an importance of learning. Each frame is defined
by considering from the simple concept or simple principle, then it develops gradually
to more difficult orderly. Each concept or principle of learning, the arranger must
make the learner to gain knowledge both theory and practice by using the learnt
knowledge for practice until the learner realize the achievement, and self-progression
from learning of each frame so it could make the learner to have willpower to learn

continuously.

The programmed lesson has important characteristics as follows:

1) Learning content is arranged continuously in series from easy base,
then it is developed orderly.

2) The learner must respond the various content and activities that
provided in each section.

3) Learner knows promptly that results of response is right or wrong.

4) Learner gradually learns progressively according to provided
content and question to test and check to know the results of
response promptly.

5) The provide question in each section of programmed lesson related
to the content of lesson in that section in order to let student think
to answer by himself, and know the result promptly is the
reinforcement for learner willower to learn progressively.

6) Learn will able to start o learn in any section that is appropriate to
the basic knowledge, and capability of learner, then he gradually

develops progressively.

7) The learner freely learn according to his ability.

Boonkue Khuanhavech (1999: 42), referred to characteristics of programmed
lesson that it may be constructed in different features in accordance with the
suitability to objective such as the feature of teaching machine or programmed lesson.
Whether in which the characteristics, it would have the important characteristics as

follows:
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1) There is defining about the clear objectives, and it is able to be
authentic measured or it is called behavioral objectives.

2) Subject content will divided into small unit or subunit that is called
frame. Each frame may contain short or long content according to appropriateness.

3) The learning frame is orderly arranged continuously from being easy
to difficult to be appropriate to learner ability, and reviewing and letting the learner to
self-test constantly.

4) Learner has a change to respond or participate in learning from
different activities that defined in the frame in order to help the learner to understand
the content and to gain the skill in the learning topic.

5) Having the feed back information promptly, the learner is able to
examine the answer by himself from the answer given and it may have the additional
answer.

6) Having the reinforcement in every important section, it would help the
learner to be interested and desires to learn further. This reinforcement may be in term
of admiration or the learner knows that he can answer correctly.

7) No limitation of learning time, the learner is able to use the time to
learn according to individual capability. The weak learner may use the learn time
more than the good learner but he is able to success in learning as well.

8) Having the certain measurement of learning result, pretest- posttest

and subtest in order to measure the learning progress obviously.

After studying the characteristics of programmed lesson from several
experts, the researcher has improved them in relation to The Basic Educational
Curriculum B.E. 2544, which encourages students to develop their own thinking
process effectively. The researcher has also adapted the features of the
programmed lesson to be suitable for the characteristics of Mattayomsuksa one
students.

Accordingly, the researcher has created the programmed lesson on energy
for Mattayomsuksa one, focus on their own thinking process as follow:

1) Defining the clear behavioral objectives and authentic measurement.

2) The contents concerning on energy is orderly arranged continuously
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from basic knowledge and develop to the existing problems through the way to
solve the problems.

3) The contents are devided into small units called “frames”

4) Students participate in learning process related to the activities set in
the frames, which encourage them to think and answer by themsevles, then also
know immediately whether the answers are right or wrong. This method create the
motiviation for the student.

5) Time is not limited. The students can learn with freedom according
to their own abilities.

6) Accurate measurement, both before and after the courses of learning.

Moreover, one of the characteristics of the programmed lesson that has
been changed by the researcher tosolve the natural learning behaviour of
Mathayomsuksa one students at present is to provide the correct answers at the end of
the lessons.That could prevent the students from bringing the keys to answer the
questions directly without trying to think by themselves or understand the contents

frist.

2.1.4 Type of Programmed Lesson

The programmed lesson is accepted as master lesson and there are two popular
types as follows:
1) Programmed lesson or linear program, this type of lesson will arrange
in series according to content by filling the frame according to sequence from frame
Im frame 2, frame 3 until completely. The learner must learn in series one by one by
starting at the first frame until the last frame. It can not skip any one frame. The good
learner will learn finish faster than the weak learner. In each frame of linear program

will contain few content continuously.

Frame 1 Frame 2 Frame 3 Last frame

Chart I Linear Programmed Lesson
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The characteristics of programmed lesson can be concluded as follows:

1.1) Each page of lesson composed of various frames, and each
frame will have data related to learning topic by learning with small step starting from
simple to complex continuously in order to assist the learner to memorize the story
continuously.

1.2) In the learning, it will define to let the student to answer
the right question mostly. Generally, one question in one frame, it may be 4-5
questions in a frame and the student must be search for the answer by himself.

1.3) Lesson in each frame will have feature of teach-test
interchanging by the prior frame has tech feature and the next frame will be test or
some frame may be test only, if the story still involves above statement.

1.4) To know the learning result promptly that that answer is
right or wrong, it will assist the learning is better.

2) Branching program, it is arranged the content in the frame as linear
program, but it will have the sub-frame that is branched from the frame. The principle
of branching program is to add basic knowledge for learner who has not enough
knowledge to learn for the next frame so every learner may need not to learn every
frame. The good learner will learn finish faster than the poor learner because he does

not waste time for branched frames.

Started Frame

' ///

Framel [—p| Frame2 [—p| Frame3 [— p| Last Frame

N D

Chart 2 Branching Program
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Branching program will assist the learner to be able to learn well about detail in
each step, but it is difficult to construct than the first type, the branching programmed
lesson will be constructed with the good quality will stimulate learner very well.

Construction of this type of program has different features as follows:

Framel |— p| Frame2 Frame3 |—p| Last Frame

Branch @
Branch @

Chart 3 Remedial Loops

Branching in the style of remedial loop has feature of loop branching and turn
back to prior frame again, then learner will learn further frame. It may have more than

two remedial loops.

Frame 1 Frame 1 Frame 1 Frame 1

- ./ y/./ -

Chart 4 Branching in Feature of Secondary Tracks

Branching programmed lesson is constructed in feature of secondary tracks,
the learner will learns in the first frame, and answers the question. If he passes he can

learn in the next frame. If he gives the wrong answer he must wash back to learn in
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the first frame again and if he can gives the right answer he can learn the second
frame but he gives the wrong answer again he must go learn in the second branching

frame until passes. The learning will be in this style until finished.

Wash - Ahead
Started Frame

l

Stand Framel——p Stand Frame2—— Stand Frame3——»Started Frame

T

Wash - Back

Chart 5 Branching in Feature of Gate Frame

Branching in feature of gate frame is the branching through different stand
frames. If the learner understands the started frame, but he has problem that he is
unable to learn, therefore it needs to wash back to learn at the first stand frame again

in order to support the basic knowledge. It will do in this style until it finishes.

Package programmed lesson has different features and types. Therefore
constructing the good packaged program, it needs to well study and investigate. It can
be done in different feature, if it is done in form of book. It will be called programmed
text. If it done in different forms of teaching machine such as slide, film, and

computer assisted instruction for instance.

After studying the type of programmed lesson, the researcher have seen that

the Mathayomsuksa one student just come from Prathomsuksa 6,their thinking are
plain, pure and straight, so they frist want the basic accurate knowledge about energy.
The researcher decide to construct the Linear Programmed Lesson on energy for
Mathayomsuksa one. The proper learning will lead to the sustainable energy using

and conservation further.



Fac. of Grad. Studies, Mahidol Univ. M.Ed. (Environmental Education) / 25

2.1.5 Principle of Programmed Lesson Construction

The construction of programmed lesson, there are both abroad and native
academic persons gave knowledge and principles as follows:
B oonkue Khuanhavech (1999: 50) told to the mean of construction of
programmed lesson that had three steps as follows:
1) Step of Planning
2) Step of Implementation
3) Step of Utilization

1) Step of Planning

The step of planning is very important so the constructor should make certain
decision to select proper topic, and subject to construct by regarding the following
issues:

1.1)  The subject content should be the stable issue and main
for teaching forever.

1.2)  There is anyone ever make before or not if it had ever
done. It should not do again because it will waste time
and budget.

1.3) It can be constructed in the defined time.

1.4) It is worth for investment or not by considering on the
learning result obtained and the amount of students.

1.5) It can decrease the burden of teacher in teaching and
creasing the time of exercise of learning of student or
not.

1.6)  After construction, it can be measure the results as
desire or not.

When the constructor has made the decision on content for programmed
lesson to construct, then it needs to consider further that what is appropriate form

should be constructed. It should be constructed as linear program or branching
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program such as in form of printing material, cartoon, slide, film strip, movie or video

for instance.

2) Step of Implementation

2.1) Study the curriculum, and all teaching content in order to
construct to be pertinent to the level and objective defined by curriculum.

2.2) Define the objectives for construction by basing on the
information from curriculum and the demand of learner as principle.

2.3) Content analysis, it is done by bringing the whole content
to be constructed by separating into subtopic.. It is ordered by starting from simple
issue to complex issue by using task analysis or considering how to make the learner
to achieve the set objective. It is essentials that the learner must pass which steps or
subtopics in order to accomplish the ultimate goal.

2.4) Construct the test is congruent to the set objective. The test
may be used both pretest and posttest.

2.5) Write the programmed lesson, it must regard to the
following principles:

2.5.1) Sub-content in each unit would lead to create
knowledge and understanding in the next unit.

2.5.2) Content or explanation must be attractive the
learner attention.

2.5.3) Help the learner to achieve the learning as much
as possible.

2.5.4) The content in each unit must be connected to
the prior unit for revising the learned content.

2.5.5) Have the guideline or suggest to the learner to
be able to give the right answer appropriately
by using criteria and examples much enough to
make the learner to understand. The suggestion
should be much at the beginning, then fading.

2.5.6 Have the right answer that the learner know

promptly in order to be reinforcement for the
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learner to learner further. Some frame has no
question such as introduced frame or basic
frame for instance.

2.5.7) Language and vocabulary should be clear and
proper to the prior basic knowledge of learner.

2.5.8) The lengthy in each frame must be proper so it
should not too long or too short. There is the
relationship, besides it should have the blank for
fill the words or for selecting the desired frame.
It should be finished by itself.

2.6) It must be tried out and improved by using 3 steps as follows:

2.6.1) Individual try out and revised

2.6.2) Small group try out and revised

2.6.3) Field try out and revised

Try out the programmed lesson will start by introducing the method
and step of learning before pretest is done. Then they learn and do the posttest is the
last step. Each try out must be recorded the result in order to be used for improving
and correcting before it is tried out for the next time. Such as improving by adding or

cutting out, and the language will be corrected as well.
3) Step of Utilization

After try out and improve according to the mentioned steps, the lesson
will be used with the general students but it needs to follow the result from learner

regularly in order too correct the lesson to be more complete.

Prueng Komut (1972: 49-69) stated about the steps of creating programmed

lessons as follows:

1) Study the program in order to know what was needed to be taught,
what the content was, and at what level. Assessing the teaching might help to know the

level of teaching, and the time used in teaching can be used to limit the breadth and
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width of the content. Besides this, the creator could study teacher’s manuals or
teaching plans and other plans for students, or they might interview experts, who could
help in giving guidelines to creating a program.

2) Set up the objective. Creating a program lesson must be done to
achieve the students’ needs. Setting an objective needed to be appropriate to the
abilities of the students. The objectives needed to be consistent with behavioral
objectives that could be observed and measured.

3) Set the limits of the work or the structure. This step was very useful
in creating the program lesson; it helped in arranging topics and to prevent forgetting
lessons.

4) Write the program lesson. The framework needed the following
features:

4.1) Write the content in small units, with each unit giving
knowledge and understanding of the next one

4.2) Have content and explanations that are interesting to
students

4.3) Help the students to achieve as much as possible

4.4) The content in each frame should refer back to the frames
that the students have already studied. Doing so will be like a revision for them.

4.5) Let them know the correct answer as motivation. The
content of each frame must be written in clear language, accurate in principle and in
language use. If words appropriate to the background and age of the student are used,
the content is correct as per the subject, and there is integration between the frames,

some frames may not need answers, such as the frame introducing the lesson.

Lawrence, M. Stolurow (Cited in Nipaporn, 1998: 15) suggested
principles of creating program lessons as follows:
1) Start with a learning objective
2) Make it so that the content used for learning will be dispensed in
a form that is stimulating and detailed

3) Interacting must be easy
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4) Arrange explanations in order to bridge problems that would
occur when students learn new things; make them clear.
5) Create paradigms of thought to cover many angles for a certain
topic
6) Use participatory explanations
7) Give cuing with the interactions
8) Content must be in order and be continuous
9) Always revise
10) Divide the steps of the content into smaller divisions
11) Create an overall picture of the objective by using each frame of
knowledge
12) Create a relationship network continuously from the problem
frame to new problems
13) Decrease the advice and suggestions gradually until gone
14) Use reasoning in order to summarize the overall picture
15) The process of the programmed lesson must start with the big

picture and slowly steer toward the details.

Punnee Chor. Janjit, (198 :69) stated that construction the programmed

lesson, there are 4 steps as follows:

1) Planning Stage
1.1) Selection of content, level of learner, and the used
programmed lesson.
1.2) Set the objective of learning
1.3) Analysis the content by dividing into subsection,
and arrange the sequence.
1.4) Construct the test.
2) Development Stage)
2.1) Writing the teaching frame
2.2) Writing the practicing frame
2.3) Writing the concluded frame
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3) Try out Stage
3.1) Individual try out and improved
3.2)  Small group try out and improved
3.3)  Field try out and improved
4) Implementation Stage
Before learning lesson is used, it must be improved by try out with the large
group until it is accepted that it is ion reliable. Generally, the standard 90/90 will be
used that is meant the learners of this program are able to answer the correct question

90 percents and 90 percents of learners are able to respond correctly.

From the principle of programmed lesson construction that mentioned by
different academic persons, it can be concluded that construction of programmed
lesson must be good planned by considering on section of story that is relevant to the
education curriculum, and it should be the stable issue and not be changed, and set the
aims, and the scope of issue. The content will be written in the sub-unit (frame). The
content in each frame should relate with the prior frame. In order to be revised, it
should regard to the type of lesson used that it should be linear program or branching
program. Moreover, after construction is completed, it should be tried out by
individual try out, small group try out, and field try out in order to search the point to
improve. Whether, it is linear program or branching program. It must be tried out by
individual, small group, and field try out in order search for the issue to be improved

before it will be experimented.

2.1.6 Advantage of Programmed Lesson

The programmed lesson has advantage, it can be classified as follows: (Boonkue
Huanhavej, 1999: 56)

1) The learner has a change to learn by himself, and implement
according to his ability. It is similar to the circumstance that learner
learns with teacher one by one.

2) It helps the teacher to work lesser, particular the work about teaching
on the simple facts, therefore the teacher has time to prepare the other

complicated , profound, and advance lessons.



Fac. of Grad. Studies, Mahidol Univ. M.Ed. (Environmental Education) / 31

3) The learn gives the wrong, he will not be blamed by anyone because
no one knows it. When he does wrong, he can correct hid own
misunderstanding promptly.

4) It responds for the capability of individual difference.

5) It assists to decrease the present problem of education that it is favor
to work as team work, and they pays few attentions.

6) It solves the problem of teacher shortage because one teacher can
control large amount number of students to learn programmed lesson.

7) It promotes the learners to be able to search for additional knowledge
or revised by himself.

8) The learner who is absent from the class so he can help himself to
keep up the other learners.

9) The teacher has an opportunity to look after the learner closely and
individually.

2.1.7 Restriction of Programmed Lesson

The restriction of programmed lesson, Boonkue Kuanhavech, 1999: 57) stated

as follows:

1) The programmed lesson is appropriate for the factual content or the basic
knowledge more than the content needed opinion and creative or profound
thinking.

2) It may cause the learner lack of writing skill because the learner just write
only some specific word.

3) The learner lacks of social relationship with other people.

4) The used language may have problem for some locality.

5) It may make the smart learner get bore, particularly the linear program.

6) The branching program is difficult to write it to be good quality.

2.2 Energy

2.2.1 Meaning of Energy
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To construct the programmed lesson on the topic of “Energy” for
Mathayomsuksa one group of learning content of social studies, religion, and culture,
content 5 geography, standard 5.2, the part of knowledge on energy, the researcher
studied about the meaning of energy clearly from different views that were as follows:

In the Act of Energy Development and Promotion B.E. 2535 (Energy and
Environment, 1999: 1) gave the meaning of energy as follows:

Energy means the ability to work that is existing inside objects that can give
work such as renewable energy, non renewable energy, including thing that can give
work such as fuel, heat, and electricity for instance.

In the book of Energy of Office of Committee of National Energy Policy
(2000: 6) gave the meaning of energy as follows:

Energy is Thai word that came from 2 word that is power and work that means
different power that can be used to have work occurrence. Therefore energy does not
mean only oil that used to fill for car to run but it means different types of energy such
electricity, oil, charcoal, firewood, and including the other things that can make the
energy such as wind or sun light for instance.

In the Dictionary of Thai Royal Institute B.E. 2525 (1972: 585) mentioned the
meaning of energy that energy is capability that exists in the thing that may be able to
give work.

The Scientific book series and Experiment on topic of Energy and Power
(1993: 4) of Go Genius gave the meaning of energy is the thing that has changing or
moving that thing has energy. Energy is important factor for human. We use energy in
different activities.

The Physics book of Boonpruek Jatamara (1974: 397) defined the definition of
the energy is the ability of object that is able to work, and the energy of that object

can be measured by the amount of work that is done by that objective.

2.2.2 Type of Energy

Energy is divided into 2 main types as follows:

2.2.2.1 Exhausted Energy or academic person calls it as non renewable

energy or fossil energy such as oil, stone oil, sand oil, coal, natural gas and nuclear
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energy. It is called non renewable energy because it can not find for substitution in
time for utilization. This type of energy, generally, it is under the ground, so if it is not
excavated to use at present. It can be kept for next generation so it is called reserved
energy.

2.2.2.2 The non-exhausted energy or renewable energy are wood,
firewood, husk, cane, charcoal and weeds or even though the garbage or dung,

biomass, wind, and wave. All types of these energy are able to search for substitution.

2.2.3 Form of Energy

1) Mechanical energy is an energy that occurred from the position of and
the movement of the object. It can be divided into 2 types as follows:

1.1) Potential energy means the energy that keeps or hides inside that
object and it is ready to work or move such battery in car or a dry cell for a flashlight
this can give energy for other equipments. The potential energy can be changed to
kinetic energy.

1.2) Kinetic energy means the energy that is in the moving object such
as moving ball, or moving stone, flowing water, walking people, waving wind, and
running car for instance.

2) Thermal energy is an energy that occurs from the reverberation or
rubbing of it makes the heat move from object with high temperature to low
temperature. It is perceived by skin contacting.

3) Chemical energy is an energy that accumulated inside the object and it will
transfer when there is chemical reaction. This action is combination of 2 substances or
more, then it changes to be new substance and there is some part of energy releases in
term of heat energy or light energy.

4) Light energy is an energy that transfers out to make us to see different thing
around us. The light energy is essential for living of both human being and animal. It
make the living creatures can work effectively in their daily life activities.

5) Sound energy is an energy that occurs from vibration of sound sources
whether it is solid, liquid, and gas. Sound can not move through the vacuum, it needs
the substance to be a medium to send the vibration to ear sensory organ in term of

sound wave.
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6) Electrical energy is an energy that occurs from the movement of
electron in atom by passes through the electrical conduction such as copper, wire,
silver, tin, zinc etc.

7) Nuclear energy is an energy that receives from the nucleus of some
kind of mineral. It occurs from the changing of inside nucleus of atom, and it is the

smallest particle of substance. It gives the huge heat and strong power of combustion.

2.2.4 Law of Energy

1) Law of Energy Conservation, the first law of energy told that energy
can not be built, but it can change form one form to another form only such as we
have the force to lift the objects because we have energy that we receive from food
that food is transform the solar energy.

2) Law of energy loss, the second law of energy told that change the form
of energy, some part of it will loss to the environment so the energy is changed in
various steps, the energy will decrease the amount gradually such as change of energy
from solar energy to plant about 1,000 calories, about 990 calories lost to
environment, only 10 calories is used or kept in the plant tissues. The 10 calories
received by plant when the animals or human beings use it, they will use only 1
calorie, the 9 calories will loss to environment. That is the energy transformation or

change energy form. This will lose the energy to environment 99 percents.

2.2.5 Important Sources of Energy

1) The sun is the important source of the global energy as essential
factor for living.The solar energy causes different processes such as photosynthesis,
chemical reaction in the cell of living thing, and make the body of living things can
act different activities. Moreover, human being uses the solar energy sources in
different form such as oil, natural gas, coal, charcoal, firewood for instance. The solar
energy is able to use unlimited such as for electrical generation.

2) The global energy, there is energy that exists in the world natural
occurrence. It can be accounted as an importance and advantage. If we know how to
develop and use. There are the energy as follows:

2.1) Hydro energy, humans know how to bringthe energy from water
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stream since the Roman age. At current there is utilizing of hydro energy for
electricity production widely because it dose not cause the pollution, no combustion,
and not cause the other toxic substances.

2.2) Under ground energy is an natural energy source under ground,
and it can be used energy that causes no impact to environment, likes other energy
sources.

2.3) Energy from living or fossil fuel from the dead body of plants and
animals for various million years so when itis combusted the accumulated energy
will release. It is expanded and huge used more than energy from other sources such
as natural gas, raw oil, charcoal, firewood for instance.

2.4) Wind energy is brought from the movement of air that is occurred
from the solar energy. If the air moves with high speed that causes the high energy.
The wind energy is useful renewable and save energy more than other different forms
of energy.

3) Food energy is an energy that changes the form from solar energy
that is combined in the macular form of food substances. Food composes of different

substances that are benefit to human body.

2.2.6 Significance of Energy

1) Production, the products from both agriculture, and industry will need
the energy as important factor for production. It is obviously seen the agriculture,
starting at the soil preparation, spreading the seed, maintenance, harvesting, including
transporting the products is needed to use the machine entirely because it makes the
rapid production, and increased products. In the industrial sector, the product is
produced by machine and it needs energy as factor for machine working.

2) The public facility, electrical and pip water production, it uses the
energy in different forms such as electricity generation. At present, it uses the energy
from oil, natural gas, coal, lignite, hydro power from dams and other form of energy.
The electrical energy is an essential energy for life at present because it makes the
house and roads to get light. The pipe water production must use the machine and

electricity. Therefore energy likes the hart of public facility of developed country.
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3) Providing the facility for daily life, there are the electrical appliances in
daily life such as iron, refrigerator, electrical fan, radio, television, etc. These life
facilities all need for present life style of living, so it needs to use energy in any form
of it in order to make this instruments work.

4) Transformation and communication, the transportation of all land water,
and air ways have developed until present it can be accounted the present
communication is so expressive. For communication currently, it is systemic working
through the satellite so it can be account as successfulness for energy development of
human race.

5) Medicine field, it is successful in investigation of research so it has the
evolution of physical examination and therapy of different aspects. The X-ray that has
been used for long time is also one of feature of medical therapy. Particularly, the
scanning for caner therapy is also one type of energy utilization. There is an
experiment that is successful on laser rays for eye surgery.

6) Products, energy in different forms such as raw oil, natural gas, coal, and
radioactive ray is also accounted as important products. To make income for the
country that produces very well.

7) Military, energy is used usefulness in the military field. The country has
military power such as United of America, Federal of Russia etc. All these has
progressed on energy development because the weapons for war has all basic

knowledge, and energy utilized application.

2.2.7 Energy in the Ecosystem

Ecosystem means the process that shows the relation and dependance
each other between living creatures and environment at any areas.When the living
creatures receive the mineral and energy from the environment, they facilitate as
transporters of mineral and energy to other compartments in that environment.

The living creatures at any areas,gather together and have interactions with

the sourrounding environment. So this was the way why the ecosystem happened.
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2.2.8 Process of Energy in Living Creature
The energy changing in living creature has two important types that
are photosynthesis, and respiration. These two processes is changing of energy
inside the cell of living creature that makes the living thing be alive.

The photosynthesis is a process that plant bring the solar energy is
changed its form to chemical energy in form of food molecule, and during the
process of photosynthesis. There is energy release to environment so the
respiration is also occurred simultaneously in order to make some reaction in

the cell.

1) Photosynthesis is a food production of plant. It will occurs, it needs
different factors such as light, chlorophyll, water, and gas carbon dioxide.
Chlorophyll is green substance inside pigment of chloroplast inside the
cytoplasm. The green plant builds the chlorophyll from protein, and mineral such as

Magnesium, Ferrous, Manganese, by using sun light.

The process of photosynthesis of plant will occur as follows:

1.1) Have water and carbon dioxide as raw materials.

1.2) Chlorophyll will absorb energy from sun sight to change in form
of chemical energy by making the molecules of water and gas carbon dioxide
combine together to be molecule of glucose, water, and oxygen. The equation is\as
follows:

Sun light
Carbon dioxide + water — > Glucose + Oxygen

- Glucose will be changed to be starch promptly and accumulated in
green cell. Starch glucose again when plant wants to use it for living.

- Oxygen will be released from the mouth of leaf.

- Changing form of energy, it will change the light energy to chemical

energy accumulated in products of sugar, and oxygen.
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2) Respiration process is a process occurs in all living cell of plant and
animal by taking the oxygen inside the body for reaction with the food substance such
as glucose, then the carbon dioxide and water will be the products, simultaneously,
energy storage in the molecule of glucose will release to ecosystem according to the

chemical equation as follows:

Glucose + Oxygen > Carbon dioxide + Water

The process of photosynthesis with light will give oxygen to ecosystem, and
oxygen will be used for respiration process. Carbon dioxide occurs from the

respiration process will be used by the process of photosynthesis.

/ Photosynthesis o I

Carbon dioxide Oxygen

AN Respiration /

Chart 6 Presentation the Relationship of Photosynthesis and Respiration

3) Level of energy transportation or step of solar energy reception of
food ch
ain of living in the ecosystem. The plant is primary food production as the first step
receiver and sender. Animal that eats the plant (Herbivore) is the second step receiver

and sender. The animal eat the animal as food is the third step of receiver and sender

(Omnivore)
The sun The Primary step of The secondary step of The third step of

energy receiver energy receiver energy receiver
Chart 7 Level of Energy Receiving and Sending Having Plant as Primary Step of

Food Production of Ecosystem
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2.2.8 Energy Conservation

The researcher studied the meaning or definition of energy conservation in
order to be knowledge information for programmed lesson management on energy for
Mathayomsuksa one as follows:

In scientific aspect from the biology schoolbook Vor 441 of Department
of Curriculum (2001: 58) stated about of energy conservation that

Energy conservation is that changes from one firm to other form. The
energy before changing will equal to amount of energy after changing. The energy is
stable , and it will not lose.

In the Act of Energy Conservation and Promotion B.E. 2535 from Office of
Committee of national energy police (2535 :4) so energy conservation is used for
the same meaning of energy saving that is sustainable and efficient use. It is use in
the feature by reducing the total expenditure, use it minimizingly but the amount of
work will not decrease or use the new energy to substitute the prior one.

In the book on energy and environment Sor 081 of Vinai Veerawatananont and
Banchuen Sipunpong, mentioned that energy conservation the energy production and
efficiency energy utilization by developing production and utilization of energy
efficiency appropriately. Thoroughly, developing the energy from the new sources to
substitutive use for non renewable energy, and preventing the energy loss, and impact

to environment.

Energy is basic essential factor for living thing for growth and movement,
besides it maintains the environment stability. Energy in other forms are also basic
essential factor for daily living of human being as\well. Therefore it is important to
study about situation of energy in the world at present in order to take part to
understand for policy planning, and attitude and value changing towards energy

utilization appropriately further
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Table 1 Energy Utilization from Different Sources in Present of Thailand

Energy sources Rate of Utilization (Percent)
1. Oil 41
2. Natural gas 27
3. Coal 19
4.  Nuclear 7
5. Water 4
6.  Sun light 1
7. Others 1

The total energy utilization in the country, it is found that it has been used for
communication, and transportation mostly that is\about 39.1 percents. It is used for
industrial sector 30.4 percents, for business 23.7 percents, besides it uses for
agriculture, construction, and others. There is energy utilization will increase 10

percents annually.

2.2.9 Energy Utilization in Thailand

2.2.9.1 Energy Utilization in Thailand (Energy and Environment

Vinai Veerawatananont and Banchuen Sipunpong, 1999 : 81)

1) Shortage of energy of oil fuel

2) Prize of fuel oil increased.

3) Lack of knowledge and technology for energy development.
4) Lack of security about energy policy of country.

5) Lavish and energy utilization without efficiency.

2.2.9.2 Energy Conservation (Energy of Office Committee national
energy policy, 2000 : 97)

1) Provide and develop energy from new source or renewable energy

utilization.
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2) Afforestation for fire and charcoal.

3) Develop the process production or energy utilization in different forms in
order to have high efficiency.

4) Promote the energy utilization with save and high benefit.

5) Bring the energy or the used resource to recycle.

6) Development of country should regard to the amount of energy that exists

in the country.

7) Energy utilization should cause the minimum effect or least harmful effect to

living thing.

2.2.9.3 Energy Policy of Thailand
Energy Policy of Thailand (Energy of Office Committee national energy
policy, 2000: 50)
Policy of Thai energy, it can be concluded as 4 important policies as follows:
1) Provide energy for utilization.
2) Persuade the people and factory to saving the energy.
3) Promote the private company to join to produce energy

4) It must have the least impact to environment.

2.2.9.4 The Ten Commandments of Energy Saving (Energy of
Office Committee national energy policy, 2000 : 98)

1) Eat food must be finished

2) Decrease the energy utilization by turn

3) Help each other to turn off the pip water when it is not used.

4) Open the television to watch together.

5) Paper must be written two pages.

6) Travel the same way, go together in order to save the oil.

7) Reduce the air conditioner, no need to use the warmed jacket.

8) Use the entire pencil.

9) Use the entire rubber.

10) Use the cloth bag or basket by not using plastic bag.
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2.3 Related literatures

To construct the programmed lesson on energy for Mathayomsuksa one, the
researcher studied, investigated, and determined the learning achievement of the
programmed lesson both linear program and branching program from the research on

the related researches of environmental aspect as follows:

Momtira Waijareon (1985: Abstract) constructed the programmed instruction

on “Water Resource” , and tried out to examine its efficiency by constructing as linear

programmed instruction for using with 45 Prathom Five students. Its efficiency was
later tested with sixty-fours Prathom Five students by using One Group Pretest-
Posttest Design. The research result revealed that the efficiency of the programmed
instruction was 94.44/92.67/95.15, which was higher than the criteria and the scores
of posttest were higher than those of the pretest at 0.01 level.

Supanee Burapark (1987: Abstract) constructed and tried out the branching
programmed instructional material on Our World Lesson entitled the “Manufacturing
Industry Environmental Impact” for Mathayomsuksa three students in Samutprakarn
Province. Then it was testified the lesson by Mathayomsuksa three Mathayomsuksa
three students of Bangplee Rajbumrung School by selecting the 2 sample groups that
had the mean scores was not different of learning achievement scores of pretest so one
group was defined as control, and the another group was experimental group. The
finding revealed that the constructed programmed instruction met the 92.84/90.51
standard as to its efficiency. The students in the experimental group who studied the
programmed instruction increased significantly in their learning achievement at 0.01

level while the control group did not.

Maliwan Bunluekiat (1991: Abstract) constructed the supplementary reading
book of English Language Programmed Lesson on Water Pollution for
Mathayomsuksa 6 students, and it was tried out to examine its quality of the

constructed book was evaluated by students’ achievement test and satisfaction form

with 60 students by dividing to control group 30 students, and experimental group 30
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students by using controlled group and experimental group. The research results was
found that the developed English Language Programmed Lesson was evaluated by 10

experts in excellent and good with regarding to the students® achievement scores
between the students who read and those who didn’t read the books were significantly

different at 0.05 and their satisfactions in reading the English Language Programmed

Lesson were excellent and good.

Tippawan Toolsuk (1992: Abstract) constructed the programmed lesson on
“Natural Resources” for Prathom Six. The Pretest-Posttest Control Group Design was
employed for experiment by using 64 students of Watrungsrisutthawad School,
Chonburi Province. The findings were found that the efficiency of programmed lesson

on knowledge was 90.80/92.28. The students’ learning achievement and attitudes of

experimental group were statistically significant different at the 0.05 level when

compared with the learning achievement of the same matters of control group.

Charuwan Silapacharanun (1993: Abstract) constructed a slide-tape programmed
lesson on “Forest” for Prathom 5 students. One Group Pretest-Posttest Design was
employed to find out the effectiveness of lesson. The learning achievement and the
retention of learning of 30 students of Prathom 5 at the Ban Surasuk School, Sriracha
District, Chonburi Province. The research result can be concluded that the efficiency
of slide-tape programmed lesson was 92.59/91.00 according to the set criteria. The
learning achievement of posttest of students who learnt the slide-tap programmed

lesson was higher than the pretest statistically significant at level of 0.05.

Preecha Luksanayothin (1994: Abstract), developed the programmed lesson
on “ Environmental Education for Conservation of Mangrove Forest” for Secondary
School teacher in Chanthaburi Province. The learning achievement of test was
constructed for try out the efficiency of programmed lesson and it was improved
according to the experts’ recommendations, and the individual try out and small group
try out, tried out were done respectively. After the programmed lesson was improved
the quality. The experiment was done by simple randomization from teacher of six

secondary schools in Chanburi Province. Analysis of data revealed that the
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programmed lessons were met the standard with the efficiency rate of 95.11/93.06.
The comparison between pretest and posttest scores showed a statistical different at

0.05 level.

Samaporn Saebang (1999: Abstract) developed the linear program on
“Environmental Sanitation” for the third year high school students. The sample group
was thirty students of the third year high school level of class 3/1 of Chum Chon Moo
Ban Phattana, Klong Toey, Bangkok. The One Group Pretest-Posttest Design was
employed to implement. The research results can be concluded that the mean scores
of learning achievement of the linear programmed lesson of posttest ( 30.9) of sample
group was higher than mean scores of pretest (20.1 scores) statistically significant at
0.05 level. It the constructed programmed lesson about environmental sanitation was

efficient in knowledge development of the students.

From the related researches about environmental education, it is obviously
seen that students who learnt with programmed lesson both linear program and
branching program whether one group of two groups of control group and
experimental group had high learning achievement statistically significant at 0.01 and
0.05 levels so it showed that the teaching-learning of environmental education with

programmed lesson would have the high efficiency.

Therefore,after studying the meanjng of programmed lesson,basic psychology,
characteristics of programmed lesson, type of programmed lesson, principle of
programmed lesson construction and energy knowledge, the researcher decided to
bring this kind of learning method to construct the programmed lesson on energy for
Mathayomsuksa one, group of learning content of social studies, religion, and culture,
content 5 geography, standard 5.2 by setting the hypothesis of research at statically
significant at 0.05 level.
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CHAPTER 111

RESEARCH METHODOLOGY

The programmed lesson on the topic of “Energy” for Mathayomsuksa one is

the experimental research. There are the steps of research as follows:

1. Construction of programmed lesson
1.1 Study of primary information
1.2 Construction and development of programmed lesson
1.3 Construction and development of tools for examining of the efficiency
of programmed lesson
2. The Tryout of programmed lesson
2.1 Sample group used for experiment
2.2 Tools for try-out
2.3 Method of try-out
2.4 Data analysis

3.1 Construction of Programmed Lesson

3.1.1 Study of Primary Information

1) Study the method of programmed lesson from text, document, and
related research.

2) Study the details of curriculum of basic education B.E. 2544 of
Ministry of Education to construct the programmed lesson on the topic of “Energy” of
learning content of social studies, religion, and culture, content 5 geography, (standard
5.2) for Mathayomsuksa one to three to study about learning objectives, the desired
quality of learner for preparation of construction of programmed lesson further.

3) Study the information about energy.
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3.1.2 Construction and Development of Programmed Lesson
1) Plot the story by
- Set the content and arrange the content of curriculum as follows:
1.1) Meaning, type, importance of energy
1.2) Forms and Law of Energy
1.3) Important source of energy
1.4) Energy in the ecosystem
- Meaning of “Ecosystem”
- Energy process in living creature
- Photosynthesis process
- Respiration process
- Level of receiving and sending energy
1.5) Conclusion of situation and problem of energy
utilization in Thailand
1.6) Energy conservation
- Policy of energy in Thailand
- Measure of energy conservation
- Ten commandments of energy saving
- Set the learning objectives for construction of programmed lesson
- Set the concept
2) Write the frame of rogrammed lesson on energy according to plot,
content, learning objectives, and set concept by complementary pictures ordering from
simple content to difficult content as follows:
Section 1: Meaning, type, and importance of energy
Section 2: Forms and laws of energy
Section 3: Source of important energy
a) Energy from the sun
b) Energy from food
c) Energy from fuel
d) Energy from the heat under ground
e) Energy from water

f) Energy from wind
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Section 4: Energy in the ecosystem
- Photosynthesis process
- Respiration process
- Conclude the knowledge on energy
Section 5: Situation and problem of energy utilization of
Thailand
Section 6: Energy conservation
- Measure in energy conservation
- Policy of energy in Thailand

3) Submit to the advisors for comments

4) Develop programmed lesson by developing the constructed

programmed lesson to have quality by try out with Mathayomsuksa one

4.1) Individual try out , the constructed lesson was tried out by
individual with 3 students of Siriratanathorn School, Prakhanong District, Bangkok
Metropolis, who had the learning achievement lower than moderate learning result
(1.80 — 2.00). Study about defect of lesson, searching the cause of student’s wrong
answer and improve.

The results from observation on their behavior and asking about the opinions,

the results are as follows:

1.The appropriateness and congruence of picture, it was found that
most of them are appropriate and congruent but the frame 25 and 44 must be improved
in terms of clearness and sharpness.

2.The amount and easiness/difficulty of lesson, it was found that the
content in some frames is too difficult for Mathayomsuksa one were frame 24 and 44
that must be improved.

3.Forms and size of letter, it was found that the student s were
satisfied because it is big and clear.

4.Cover, the students were satisfied with the form because it can
clearly communicate about the content inside that is energy.

The researcher improved the lesson according to the observation and opinion

of students. Particularly, the clearness of complementary pictures, including cutting

out and improving some frames to be appropriate for their knowledge.
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4.2) A Small Group Tryout, bring the improved lesson from the
first step to try out with 10 students of Mathayomsuksa one,class1/4 Wachirathamsatit
School, Prakhanong District, Bangkok Metropolis, who have the moderate learning

result (2.00 — 2.99), and observe their learning behavior and result of exercise, it was

found that it must improve the frame about the law of energy and ecosystem were
frame 24 and 44 by improving the explanation to be more easy.

4.3) A Large Group Tryout, after improve in the second step, it is
tried out with 30 students of Mathayomsuksa one, class 1/ 5 at Wachirathamsatit
School, Prakhanong District, Bangkok Metropolis, who have the combined learning
achievement at good, moderate, and weak learning result with the objective of
determining the efficiency of constructed programmed lesson and content. It was

found that there was nothing to be improved.

3.1.3 Construction and Development of Tools for Trying out the

Efficiency of Programmed Lesson

The tools to test the efficiency of Programmed Lesson on energy are the
achievement test .The testis composted of multiple choices with 4 atternatives..The
steps to construct and develop the test are as follows:

1) Study the detail about test, writing the test, and analysis of test item,
measurement and evaluation by studying from the documents and related text.

2) Study the learning objectives and concept on energy from the
constructed lesson.

3) Construct the table of content analysis, and the objective be tried out by
using the principle evaluation of Benjamin S. Bloom.

4) Construct the test in type of standard criteria according to the table of
content and objective analysis to be relevant to the constructed table.

5) Bring the constructed test to consult with the thesis advisory

committee

committee in order to ask for recommendation.

6) Bring the improved test to consult the experts to examine and improve

again..
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Table 2 Content and Learning Behavior Analysis for about the Programmed

Lesson
Behavior | Know

ledge | Comp .

and | rehen Ut-|I|z An-aly Serthe Ev-alua Tot
Content A e ation sis sis tion al

ry

1.Meaning, type, and
importance of energy 2 2 2 2 8
2.Forms and laws of
energy 1 1 1 3
3.Source of Important
energy 5 4 2 1 1 14
4.Energy in the
ecosystem 8 6 6 D 22
s.Situation and
problem of energy
utilization in Thailand - g 7 5 2 2
6.Energy Conservation g = 2 2 2 5 11
Total items 'y 13 13 5 7 5 60

7) The test and programmed lesson are developed to have efficiency
and quality for trying out with the group of 30 students of Mathayomsuksa one that
is not sample group. If they gave the right answer, they receive 1 score, and wrong
answer, they receive 0 score.

8) Bring the results of primary experiment in order to analyze the
difficulty level and discrimination power of each item of test with the fomula as
follow (Boontham Kijpredarborisuthi, 1997 :117):
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1) Difficulty Level
The test was determined the level of difficulty by dividing the score
into two groups as high score group and low score group, the 27% technique was used,

the formula is as follows:

Difficulty level (P) = i
2n
Where P = Difficulty level
Ph = Number of respondents in the high group
Py = Number of respondents in the low group
n = Total number in the high group

For the criteria in choosing questions, the researcher chose questions with a
difficulty level between 0.20 — 0.80 and an acceptable discrimination power. If it was
higher than 0.80 and lower than 0.02, it must be improved.

2) Discrimination Power
After determining the difficulty level, then the Discrimination Power was
determined by the following formula.

Discrimination power (r) = Py ;PL
Where
r = Discrimination power
Px = Number of respondents in the 27% high group
PL = Number of respondents in the low group
n = Total number of respondents in both groups

For the criteria in choosing questions, the researcher chose questions with a

Discrimination power at least 0.20 for the real test.
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3) Reliability

Bring 25 items selected to determine the reliability by the Kuder-Richardson
20 (KR-20), with the formula as follows (Boontham Kijpredarborisuthi,, 1997: 171):

t ge”1 s 2,

ok {szx —qu}

Where rg = Reliability value
n = Number of questions
oy =t Deviation of the total score
p = Proportion of respondents who answered the question correctly
q = Proportion of respondents who answered the question
incorrectly (1-p)
The formula for variance was as follows:
R ) 3 SO0
n(n-1)
Where
R = Variance of total scores
n = Number of sample
DX = Sum of test scores
Z X2 = Sum of tests score square

Considering the quality of test, the researcher brought the learning
achievement test of 60 questions to try out with 30 students of Mathayomsuksa one,
class 1/ 5 Wachirathamsatit School. Then the result was analyzed for difficulty level,
and discrimination power, and reliability of test. It was found that there was the
difficult and easy question combined together between 0.20-0.80, and the

discrimination power will be selected by the item that had discrimination power up
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Table 3 Analysis of Difficulty level,Discrimination Power, and Reliability of

Developed Test

Behavior | Know

ledge | Comp -

P Ut-|I|z An-aly Serthe Ev-alua Tot
Content Z o | sior ation sis sis tion al

ry
1.Meaning, type, and
importance of energy 1 1 - 1 - 3
2.Forms and laws of
energy 1 1 1 - 3
3. Source of Important
energy 2 2 2 1 1 - 8
4.Energy in the
ecosystem 4 3 1 2 - 10
5. Situation and
problem of energy
utilization in Thailand - - - 2 - 2
6.Energy Conservation - - - 2 2 5 9
Total items 8 7 4 4 7 5 35

3.2 Tryout of Programmed Lesson

3.2.1 Population of the Research

Population of the research were the students of Mathayomsuksa one level.
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3.2.2 Sample Group Used for Experiment

The researcher selected multistage sampling as sampling method for
selection the sample. There were the steps of selection as follows:

1) The school was selected by using purposive sampling method was
Wachirathamsatit School, Prakhanong District, Bangkok Metropolis. This school held
the campaign that aimed to build consciousness to raise the students’ awareness on
energy conservation and saving, particularly, water, and electricity by growing their
primary knowledge and understanding for students of Mathayomsuksa one, and
another reason was the school managed the students with the combination of poor,
moderate, and good learning results in every classroom.

2) The simple random was employed for sampling the sample
group by drawing the label. The classroom 1/3 of 30 students was drawn from

12 classrooms.

3.2.3 Tools for Tryout

1) The programmed lesson on energy was developed with acceptable

quality and would be used for tryout with the sample group.

2) The test with the quality would be used for testing learning

achievement.

3.2.4 Method of Try out

The One Group Pretest-Posttest Design was used for experiment as shown
below (Boontham Kijpredarborisuthi,, 1997: 108).

R o, X 0,

Py)
1

Sample group

O, Result measured before tryout



Wannapa Saipimpin

Research Methodology /54

=  Result measured after tryout

=  Learning with programmed lesson

The researcher implemented the experiment according to the following steps :

1) The ready test developed with the quality would be used for

testing learning achievement. It was tried out by letting the sample group take

the pretest.

2) One week afterward, the developed programmed lesson were read

by the sample group.

3) The same test would be used for testing learning achievement by

letting the sample group did the posttest.

3.2.5 Data Analysis

The difference of the pretest and posttest scores have been compared by
using t-test from the following formula (McCall,1980:241)

< i
|

n-1

Total sum of the difference between average scores of

pre-test and posttest

Total sum of the difference between average scores of

pretest and posttest, squared
The difference between scores of pretest and posttest of
each sample

Total number of students
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Study the Curriculum

\
Plot Story
- Define content/ Sequence
of Content
- Define the objectives

- Define the Concepts

A 4

Construct the Programmed Lesson

Examined, Corrected, and Improved by Advisory Committee

Individual Try out and

' Improve
v Small Group Try out
Try out of Quality and Improve

v

Improve the Lesson

Individual Try out and
5 Improve

\4

Programmed Lesson tested by
Sample Group

Chart 8 Steps of Construction and Development of Programmed Lesson
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CHAPTER 1V
RESULTS

The objectives of this research were to construct and try out the
programmed lesson on the topic of “Energy” for teaching supplement for group of
learning content of social studies, religion, and culture, content 5 geography, standard
5.2 for the range of learning standard of Mathayomsuksa one for Mathayomsuksa one.
The sample group was students of Mathayomsuksa one, class 1/3 Vachirathamsathit
School, Prakhanong District, Bangkok Metropolis. The research results can be divided

into 2 parts as follows:

1. Result of Construction of Programmed Lesson

2. Result of Experiment of Programmed Lesson

4.1 Result of Construction of Programmed Lesson

The programmed lesson on the topic of “Energy” for Mathayomsuksa one

students, was designed to use the linear program feature.It composed of content frame,

summary frame, exercise frame with the total of 59 frames, and 45 pages totally. Each
frame had the complementary picture that was relevant to the content in that frame.
The cover was designed as picture of sources of energy for attraction the students to

lead to the content. The contents were divided into 6 sections as follows:

Section 1: Meaning, type, and importance of energy
It composed of contents that explained the meaning, types, and importance of
energy towards human being and other living creatures in every aspects.
Section 2: Forms and laws of energy
It composed of contents that explained the forms and one form of energy may
be changed to another form, therefore energy had different forms. The change of form

of energy would follow the laws of energy.
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Section 3: Source of important energy
It composed of contents that explained the source of important energy that
use in at the present, including explaining about the benefit of energy from different
sources.
Section 4: Energy in the ecosystem
It composed of contents that explained the meaning and compartments of
ecosystem,energy process in the living creatures,level of energy receiving and sending
in the ecosystem.
Section 5: Situation and problem of energy utilization of Thailand
It composed of contents that mentioned about the amount of energy
consumption from different sources in Thailand, in addition the problem, and impacts
occurred from the energy utilization.
Section 6: Energy conservation
It composed of contents that explained the meaning of energy conservation,

Thai energy policy, measures of energy conservation, and ten commandments.

The programmed lesson with linear program type of 6 sections, the research
studied by myself from documents, textbook, and research works of environmental
education in different aspects, simultaneously consulting to thesis advisory committee
and experts in the content, and program production during the time of constructing in

order to obtain the best quality of programmed lesson.

4.2 Result of Experiment of Programmed Lesson

Research results of experiment of programmed lesson was done by sample
group, 30 Mathayomsuksa one students of class 1/3 of Vachirathammasathit School,
Prakhanong District, Bangkok Metropolis. It was found that the students use about
1 hour 45 minutes to 2 hours to learn and its results were as follows:

- The learning achievement test had 35 items 35 scores, and 30 students of

experimental group.
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- The mean scores (}) of pretest equaled to 16.06, standard deviation

(S.D.) was 1.94

- The mean scores ()_() of posttest equaled to 28.56, standard deviation

(S.D.) was 2.58

Analysis of results in order to compare the difference of mean scores
between pretest and posttest by using t-test, it was found that t-value was 30.15 that
was more than t-value from the table that was 1.699. Therefore it can be concluded
that the students of Mathayomsuksa one who learnt the programmed lesson on
energy for group of learning content of social studies, religion, and culture, content 5
geography, standard 5.2, they had the posttest scores higher than pretest scores
statistically significant at 0.05 level. This was followed the set hypothesis at presented
in table 3.

Table 3 Comparison the Difference of Pretest and Posttest Scores of Using Linear

Programmed Lesson of Sample Group

Experimental Pretest Posttest
N Ay A t
Group X S.D. X S.D.
Sample Group 30 16.06 1.94 2856 2.58 30.15

df =29 at statistically significant 0.05 t=1.699 (t - calculation more than t - value
from table)
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CHAPTER V
CONCLUSION

This research had the objectives to construct and to try out programmed
lesson on the topic of “Energy” for students of Mathayomsuksa one, the research

results can be divided into 2 parts for discussion as follows:

1. The Development of Programmed Lesson

2. Test of Learning Achievement of Programmed Lesson

5.1 The Development of Programmed Lesson

The researcher developed the programmed lesson by dividing into 3 phases
as follows:

Phase 1, the programmed lesson was read by 3 students of Siriratanathorn
School, Prakhanong District, Bangkok Metropolis, who had the grade below than
average . They paid attention to read the content, and answer the question in every
frames intently, including asking the suspected content. Particularly, the frame of the
energy in the ecosystem so the researcher improved that frame to be more clear and
proper with their age and intelligence of students. The information was used to
improve the programmed lesson to be more complete and appropriate for try out.

Phase 2, the developed programmed lesson was brought for 10 students of

class 1/4 , Vachirathammasathit School, Prakhanong District, Bangkok Metropolis,

who had the grade at moderate level to read. They gave the very good cooperate by
paying attention to read and answering the question in the frames carefully.

Nevertheless, after interviewer, they were still puzzle in the frame of energy of

ecosystem. They gave the opinion that the explaination was not clear,so they could

not answer correctly. The researcher improved this lesson to be more clear than



Wannapa Saipimpin Discussions / 60

previously.

Phase 3, the developed programmed lesson was read by 30 students of
class 1/5 of Vachirathammasathit School, Prakhanong District, Bangkok Metropolis,
who had the combination of good grade, moderate grade, and poor grade. They
gave a very good cooperation by pay attention to read the content, and answer the
question in every frames.They can answer the question clearly,and there was no defect
was found.

After the development of programmed lesson, was done through 3 phases so all
forms of lesson, clear explanation, supplemented pictures, and the interested
colorfulness so the researcher was sure the quality of the constructed programmed

lesson completely. It was ready to try out with sample group further.

5.2 Test of Learning Achievement of Programmed Lesson

The developed programmed lesson was effective to try out with sample group
who were 30 Mathayomsuksa one students of class 1/3 of Vachirathammasathit
School. The research results found that learning achievement of posttest after learning
with programmed lesson on energy that is different statistically significant at level of
0.05. It showed that students who learnt with programmed lesson on energy have the
higher knowledge than the pretest. Therefore, Programmed lesson on energy was
constructed would be used very well.

These research results showed clearly about the quality of programmed lesson
on lesson that was constructed by researcher. It was brought to complement for
teaching supplement for group of learning content of social studies, religion, and
culture, content 5 geography, standard 5.2 for the range of learning standard of
Mathayomsuksa one for teaching supplement for group of learning content of social
studies, religion, and culture, content 5 geography, standard 5.2 for students of
Mathayomsuksa one because after learning the students gain more knowledge than
before learning. This is congruent to the researches of Montira Waijareon (1985),
Supanee Burapark (1987), Tippawan Toolsuk (1992), Charuwan Silapacharanun
(1993), Preecha Luksanayotin, (1994), and Samaporn Saebang, (2001) that studied in

order to determine the differences of pretest and posttest of learning with programmed
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lesson. It was found that the scores of learning achievement of posttest of programmed
lesson would higher than pretest scores. Therefore it was proper for learning to raise

the knowledge.
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

This research had the objectives to construct and to try out the
programmed lesson on the topic of “Energy” for teaching supplement for group of
learning content of social studies, religion, and culture, content 5 geography, standard
5.2 for the range of learning standard of Mathayomsuksa one to three for

Mathayomsuksa one. The research results can be concluded as follows:

1. Result of Construction of Programmed Lesson
2. Result of Try out of Programmed Lesson
3. Recommendation from the Research

4. Recommendation for further Research

6.1 Result of Construction of Programmed Lesson

The programmed lesson on energy for Mathayomsuksa one, the researcher
constructed was programmed textbook as linear program and the content was divided

into 6 sections as follows:

Section 1: Meaning, type, and importance of energy

Section 2: Forms and laws of energy

Section 3: Source of important energy

Section 4: Energy in the ecosystem

Section 5: Situation and problem of energy utilization of Thailand

Section 6: Energy conservation

The features of constructed programmed was produced in form of book that

composed 50 pages. The cover was different pictures of energy that composed of



Fac. of Grad. Studies, Mahidol Univ. M.Ed. (Environmental Education) / 63

content frames, summary frames, exercise frames . Each frame composed of

supplementary pictures for harmonizing with explanation clearly.

6.2 Result of Try out of Programmed Lesson

The students who learnt programmed lesson on energy had mean scores
equaled to 16.06 and 28.56. This meant the learning achievement of posttest with
programmed lesson would higher than pretest statistically significant at 0.05. It
showed that the increased scores of sample group occurred due to the learning of

programmed lesson constructed by researcher.

6.3 Recommendation from the Research

6.3.1 This programmed lesson can be used as teaching learning media on the
energy for teaching supplement for group of learning content of social studies,
religion, and culture, content 5 geography, standard 5.2 for the range of learning
standard of Mathayomsuksa one to three for Mathayomsuksa one or put in the library
of social science or school library in order to create knowledge of energy of students.

6.3.2 This lesson was developed to be better and it should develop about the
printing, pictures of cover, and supplementary pictures to be color for the whole book.

6.3.3 It can be added more contents by increasing the frame of lessons in order

to use in the higher level.

6.4 Recommendation for Further Research

6.4.1 The researcher is able to do research in the same pattern by having the
specific content such as hydro energy, wind energy, and light energy for instance.

6.4.2 The researcher is able to research on programmed lesson on energy in
form of other media such as Computer Assisted Instruction (CAI) for instance.

6.4.3 This research can be done with the other groups such as general people

or company officer for instance by adding the part of awareness and attitude.
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APPENDIX D
TOOLS FOR THE STUDY

( THE PROGRAMMED LESSON ON ENERGY)
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