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 The purpose of this study was to develop the science instructional model 
emphasizing contextual approach for lower secondary school students in order to enhance 
conceptual understanding, analytical thinking, and application of knowledge.  This science 
instructional model consisted of five steps of learning namely 1) Focusing (F), 2) Exploring 
(E), 3) Analyzing (A), 4) Conceptual Developing (C), and 5) Applying (A) which has been 
called FEACA Model.  A quasi-experimental research, pretest-posttest non-equivalent 
control group design, was used for evaluating the effectiveness of the model.  The samples 
were two classrooms of the ninth-grade students.  One classroom was serving as the 
experimental group taught with the FEACA Model whereas the other was serving as the 
control group taught with the traditional instruction.  The research instruments consisted of 
1) the conceptual understanding test which was 30 items of multiple choice questions with 
reliability at 0.78 and difficulty levels was between 0.23-0.75, 2) the analytical thinking test 
which was 25 items of multiple choice questions with reliability at 0.79 and difficulty levels 
was 0.25-0.73, 3) the application of knowledge test which was 12 items of open-ended 
questions with reliability at 0.76 and difficulty levels was 0.28-0.77, and 4) the opinion 
questionnaires toward the FEACA Model which was 20 items of five point rating scale 
questionnaires with reliability at 0.84.  The findings suggested that students’ conceptual 
understanding and analytical thinking posttest mean score were significantly higher than 
pretest mean score.  Moreover, the FEACA Model was significantly better than the traditional 
instruction for promoting students’ conceptual understanding, analytical thinking, and 
application of knowledge.  Furthermore, students’ opinions scores toward the FEACA Model 
were at high level of performance. 
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CHAPTER 1 
INTRODUCTION 

 
Background 
 Science has been accepted to have an extreme influence on people and societies 
throughout the world because it is concerned with human’s daily lives and livelihood.  The 
countries advancing in science and technology can become the world’s leaders in every 
aspect.  The appliances and tools that make living and working easier are the result of 
scientific knowledge creatively applied together with knowledge from other fields.  Science 
leads to the specific knowledge and understanding of many natural phenomena and the 
development of new technologies (Ministry of Education.  2008: 106).  Scientific advances 
bring about rapid changes in the era of globalization.  Many countries around the world 
have realized that the success of national development is caused by science and science 
education.  Therefore, the improvement of quality of life has to place a high demand for 
scientific literacy on all citizens (International Council of Associations for Science Education 
(ICASE).  2009: online). 
  National advancement should emphasize the development of people not only on 
scientific literacy but also thinking.  Thinking is a process that human usually use in 
everyday life, both simple and complex thinking.  Thinking process makes people present 
their behavior and emotion as well as react in appropriate ways.  In addition, thinking is an 
important tool for human to solve problems facing in daily life, acquire new information or 
knowledge, and decide which information is reliable for efficient survival in the knowledge-
based society (Kosum; & Kamwatnang.  2001: 5).  Furthermore, the use of thinking for 
innovative creation brings about comfortableness in living, as well as advancement of 
science and technology.  Consequently, preparing people with thinking skills should be a 
central educational goal of every country. 
 Thailand also places importance on thinking skills.  According to the Thai National 
Education Act B.E, 2542 (1999) and Amendments (Second National Education Act B.E. 
2545 (2002)), it has been identified in section 24 that educational institutions should provide 
students with training in thinking process, management, confrontation with various situation, 
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and application of knowledge for preventing and solving problems, as well as prepare 
activities for learners to derive from real experience (Office of the National Education 
Commission (ONEC).  2003: 11).  These correspond with the policy of the Ministry of 
Education in developing Thai children towards the 21st century.  Emphasizing have been 
placed on morality, knowledge and skills in analytical and creative thinking, good physical 
and mental health, preference for Thai-ness, capability for teamwork and ability to live 
peace and harmony in the world community (Ministry of Education.  2008: 3).  These show 
that one of the main goals of the national policy is to promote the thinking skills of all 
students. 
 There are many types thinking such as analytical thinking, synthesis thinking, 
critical thinking, creative thinking, and conceptual thinking etc.  Considered as a 
fundamental thinking of others, analytical thinking is the essential thinking for learning and 
living of human.  To achieve the desired result, problems facing in everyday life must be 
solved through analytical thinking correctly and efficiently.  In the absence of analytical 
thinking, thinking and decision-making processes would become a bundle of confusion 
which leads to an erroneous conclusion (Jaruenwongsak.  2006).  Because of its 
significance, Thai educational policy places emphasis on the enhancement of analytical 
thinking to all learners.  As shown in the learners’ key competencies, one of them is to 
inculcate students in analytical thinking capacity leading to the creation of bodies of 
knowledge or information for sensible decision-making regarding oneself and society 
(Ministry of Education.  2008: 6). 
 Although there is an attempt to promote analytical thinking on Thai students, their 
analytical thinking ability is still not satisfying especially in lower secondary education.  
According to the results of the Office for National Education Standards and Quality 
Assessment (Public Organization) (ONESQA), it has been found that students do not reach 
the fourth standard of learner standard on analytical thinking in external quality assessment 
of basic education (ONESQA.  2008: 11).  Corresponding with the result of the National 
Institute of Educational Testing Service (Public Organization) (NIETS), the study has shown 
the decreases in the average scores of students who took the General Aptitude Test (GAT) 
which focuses on analytical thinking skills (Phetdee.  2009: online).  All the results show that 
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Thai lower secondary school students are lacking of analytical thinking and need to be 
improved immediately. 
 Thai students not only lack of analytical thinking but also fundamental scientific 
conceptual understanding.  The result of NIETS on the Ordinary National Educational Test 
(O-NET) has indicated the average science score of the ninth-grade students to be 
underneath 30 percent (NIETS. 2010: online).  Correspondingly, the outcome of the 
International Association for the Evaluation of Education Achievement (IEA) on the Trends in 
International Mathematics and Science Study (TIMSS) 2007 has reported that the average 
science scores of the eighth-grade Thai students were lower than the international mean 
and lower than the previous assessment in 1999 (IEA.  2008: 47). 
 Furthermore, another indicator showing that Thai students were not excellent in 
both analytical thinking and science conceptual understanding was the result of the 
Programme for International Student Assessment (PISA) 2006.  This programme assessed 
15-years-old students on analytical thinking, understanding of fundamental scientific 
concept, as well as application of knowledge from what they have learned in science 
classroom to real-life problems.  The results have shown that Thai students scored in 
science below the international mean and poorly as compared with Asian countries (Klainil; 
Dechsri; & Pramotenee.  2008). 
 All the results above pointed that lower secondary Thai students did not meet both 
national and international standard.  They performed below average and poorly as 
compared with students in other countries in both science conceptual understanding and 
analytical thinking.  Moreover, they could not apply and link what they have learned in the 
science classroom with what they have seen in their daily lives.  Therefore learning and 
teaching of science need to change and focus on the improvement of conceptual 
understanding, analytical thinking and application of knowledge by using students’ 
everyday life experience as a tool. 
 According to constructivist learning theory, learning is an active process which 
people create their own new understanding and knowledge of the world based on the 
interaction of what they already know and believe, and the phenomena or ideas which they 
come into contact.  When people encounter something new, they have to reconcile it with 
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previous ideas and experience and change what they believe or discard the new 
information (Educational Broadcasting Corporation.  2004: online).  Research suggested 
that students often succeed in problems in everyday life at which fail in formal setting, and 
do better at problems expressed in everyday or familiar context rather than an obviously 
scientific one (Whitelegg; & Parry.  1999: 69). 
 Corresponding with Campbell; et al (1994), the ideas and concepts selected 
should enhance learners’ appreciation of how the subject contributes to their lives or the 
lives of others around the world or helps them to acquire a better understanding of the 
natural environment.  Moreover, setting science in context is seen as a mean of motivating 
more students to study science.  It also expresses a desire to provide students with a more 
obvious picture of science and its role in people’s lives, and also encourage them to 
connect science learning with the rest of their lives.  This perspective suggested that a 
learning context requires related learning to an application in the real world. 
 One application of constructivist theory is known as contextual approach.  This 
approach introduces real life context and application that students facing in their everyday 
lives before introduces the core science content to develop deeper understanding of 
scientific idea (Whitelegg; & Parry.  1999: 69).  The contextual learning is based on the 
premise that learning is most effective when information is presented with in a framework 
that familiar to the students (Souders; & Prescott.  1999: 38).  This approach is accepted to 
be an effective way to improve student’s motivation, problem-solving, achievement (Glynn; 
& Koballa.  2005), attitude, understanding (Jong.  2008), application, and retention (Choi; & 
Johnson.  2005). 
  The goals of secondary science instruction are to help students understand basic 
principles and theories, as well as the nature, scope and limitation of science.  At the same 
time, students are expected to acquire intellectual skills and should be able to apply the 
scientific process for solving problems.  Furthermore, they should develop a keen interest in 
science and realize the correlation between science, technology, mankind and the 
environment.  Ultimately, they must be able to apply their knowledge and understanding of 
science and technology for the benefit of their society and their own living (Soydhurum.  
2001: 12). 
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 In Thailand, teaching and learning in science classroom have long emphasized on 
“chalk and talk” pedagogy, rote learning and lecturing which teachers as the center of 
teaching-learning activities.  Students generally learn science by traditional teaching 
method which provides less opportunity for them to participate and apply concepts and 
information in useful real life contexts.  Students are disenchanted with science and find it 
unimportant, un-engaging, and irrelevant to their life (Rennie.  2006).  Moreover, research 
has shown that traditional instruction makes students confused about the basic concepts of 
science (McDermott.  1991), leaves students poorly motivated (McCarthy; & Anderson.  
2000; Murphy; & Whitelegg.  2006), and do not encourage students to develop analytical 
thinking skills.  
 From literature review, there were many researchers studying the effect of using 
contextual approach for teaching in upper secondary education, especially in physics and 
chemistry classrooms, but rarely found in lower secondary education.  Furthermore, 
students in the lower secondary education could decide to study in the upper secondary 
education or vocational education after their finishing.  Preparing lower secondary school 
students with science conceptual understanding, analytical thinking, and application of 
knowledge were important for further education. 
 Therefore, the purpose of this study was to develop science instructional model 
emphasizing contextual approach in order to enhance students’ conceptual understanding, 
analytical thinking, and application of knowledge for lower secondary school students on 
force and motion concepts.  The key components of contextual approach and analysis 
processes of Marzano have been used as a framework for developing the science 
instructional model which consisted of five steps of learning namely: Focusing, Exploring, 
Analyzing, Conceptual Developing, and Applying which has been called FEACA Model. 
 
Research Questions 
 The research questions of this study are as follows: 
  1.  Does the FEACA Model enhance students’ conceptual understanding better 
than the traditional instruction? 
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  2.  Does the FEACA Model enhance students’ analytical thinking better than the 
traditional instruction? 
  3.  Does the FEACA Model enhance students’ application of knowledge better 
than the traditional instruction? 
  4.  What are the students’ opinions toward the FEACA Model? 
 
Research Objectives 
 The objectives of the study are summarized as follows: 
  1.  To develop and implement the FEACA Model for lower secondary school 
students. 
  2.  To make a comparison between conceptual understanding and analytical 
thinking of students before and after learning through the FEACA Model. 
  3.  To make a comparison between conceptual understanding, analytical 
thinking, and application of knowledge of students who learn through the FEACA Model and 
those of students who learn through the traditional instruction. 
  4.  To explore students’ opinions toward the FEACA Model after learning 
through the FEACA Model. 
 
Significance of the Study 
 This research focused on the development of science instructional model 
emphasizing contextual approach called FEACA Model which introduces science concept 
through situation that students facing in real life.  The FEACA Model could promote students’ 
conceptual understanding, analytical thinking, and application of knowledge which are 
important skills for the students in future education.  Moreover, learning with contextual 
approach could help students notice the importance of science and realize that science is 
in their everyday lives.  Therefore, learning through contextual approach could encourage a 
meaningful learning. 
 Additionally, the learning activities and instructional materials derived from this 
research could be used directly by science teachers for teaching scientific concepts about 
Force and Motion, addressing students’ misconception and developing analytical thinking 
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and application of knowledge.  Furthermore, the FEACA Model could be adapted for 
teaching other concepts in science classroom. 
 
Scope of the Study 
 Population 
  The populations of this study were lower secondary school students who were 
studying in the first semester of 2011 academic year in Uthaithani province, Thailand. 

 Sample  
  The samples of this study were separated into three sections as follows: 
  1.  The samples during the development of research instruments 
   The students participating during the development of research instruments 
were from Nongchangwittaya School located in Uthaithani province, Thailand.  These 
included the ninth-grade students, for evaluating the analytical thinking test, and the tenth- 
grade students who already learned “Force and Motion” concept, for evaluating the 
conceptual understanding test and the application of knowledge test. 
  2.  The samples during a pilot study 
   The students participating during a pilot study were one classroom of the 
ninth-grade students who were studying in the first semester of 2011 academic year in 
Kanchanapisekwithayalai Uthaithani School located in Uthaithani province, Thailand. 
  3.  The samples during implementation 
   The students participating during implementation were two classrooms of 
the ninth-grade students which were mixed ability.  They were studying in the first semester 
of 2011 academic year of Nongkhayangwittaya School in Uthaithani province, Thailand.  
One classroom was the experimental group taught with the FEACA Model whereas the other 
was the control group taught with the traditional instruction. 

 Variables of the Study  
  1.  Independent Variables 
   1.1  Teaching with the FEACA Model 
   1.2  Teaching with the traditional instruction 
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  2.  Dependent Variables 
   2.1  Conceptual understanding. 
   2.2  Analytical thinking. 
   2.3  Application of knowledge. 
   2.4  Students’ opinions toward the FEACA Model. 

 Content 
  The content for using in this study was developed based on the national 
science curriculum standard, Strand 4: Force and Motion, for the ninth-grade students.  It 
consisted of six topics as follows: 1) Acceleration, 2) Action and Reaction, 3) Friction, 4) 
Moment, 5) Buoyant Force, and 6) Motion of Objects. 
 
Definitions of Terms 
 1.  Contextual Approach refers to a teaching method using real life contexts and 
situations which students facing in their everyday live as a starting point for developing 
understanding of scientific ideas.  This method combines the complexity of applying 
scientific ideas to the everyday experience of the world which could promote students’ 
application ability and encourage students’ interest. 
 2.  The FEACA Model refers to the science instructional model emphasizing 
contextual approach developed by researcher.  This model presents science teaching 
steps by using real life context and situation in everyday life run the activities from the first 
step through the last step which aims to develop students’ scientific conceptual 
understanding, analytical thinking, and application of knowledge.  The model composed of 
five steps as follows: 
  Step 1: Focusing  
   The purposes of this step are to catch students’ attention and diagnose their 
prior knowledge by engaging them with real life context.  At this step, the everyday life 
situation will be presented as a starting point in order to recall student’s experiences related 
to that situation and to check their prior knowledge about the concept they will learn in the 
class.  Teacher encourages students to think by asking a question related to that situation.  
Students then answer the question and compare similarities and differences of their own 
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answers with their friends’ answers as well as organize those answers into meaningful 
categories.  Students communicate what they get by sharing with their peers.  At the end of 
the step the answers will not be verified right or wrong, but they will be problems for 
investigating in the next step. 
  Step 2: Exploring 
   The purpose of this step is to give the students opportunity to investigate 
through hands-on and mind-on exploration which built upon the everyday life situation from 
the first step.  At this step, the students will be separated into small groups and do 
experiment or activities for exploring the answer of the questions developed in first step.  
Teacher acts as a facilitator helping students if they meet any problems and checks whether 
the students obtain all necessary information for using in the next step. 
  Step 3: Analyzing 
   The purpose of this step is to give the students an opportunity to analyze 
data and construct knowledge on their own under the facilitating of a teacher.  At this step, 
the students need to find the relationship of information from their observation by answering 
the questions and summarizing what they get for constructing their own knowledge.  The 
students communicate their understanding by sharing with the whole class. 
  Step 4: Conceptual Developing 
   The purpose of this step is to construct correct conceptual understanding 
about that topic under the facilitating of a teacher.  At this step, the students discuss the 
conclusion from the previous step and re-shape their understanding under facilitating of a 
teacher.  Furthermore, students study more about the topic from document and relate the 
concepts they have learned with the situation in the first step.  The roles of the teacher are to 
help the students constructing scientific conceptual understanding and correct all 
misconception. 
  Step 5: Applying 
   The purpose of this step is to apply scientific concept to new contexts.  At 
this step, the students in each group apply conceptual understanding they have learned in 
the class to new contexts or real life situations and share with the whole class.  The students 
also need to give the reason to explain the reasonableness of the information.  The students 
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in other groups evaluate validity of that application and identify any errors in reasoning that 
has been presented.  
 3. Conceptual Understanding refers to understanding of students on the concepts 
of “Force and Motion” (Strand 4), standard Sc 4.1 and Sc. 4.2.  It consists of six topics as 
follows: 1) Acceleration, 2) Action and Reaction, 3) Friction, 4) Moment, 5) Buoyant Force, 
and 6) Motion of Objects.  Students’ Conceptual Understanding is measured by the 
conceptual understanding test which is 30 items of multiple choice questions.  Some 
questions are adapted from the Force and Motion Conceptual Evaluation (Thornton; & 
Sokoloff.  1998: 338-352) and the rest are developed by the researcher. 
 4. Analytical Thinking refers to abilities in breaking down the information into its 
component parts, examining knowledge in fine detail, discovering and organizing the 
relationships of the parts and creating new conclusions.  In this work, analytical thinking 
composed of matching, classifying, error analysis, generalizing, and specifying based on 
Marzano’s analysis processes (2001). 
  4.1  Matching refers to ability in identifying similarities and differences between 
knowledge components or situation.  
  4.2  Classifying refers to ability in organizing knowledge components or 
situation into meaningful categories. 
  4.3  Error Analysis refers to ability in explaining the reasonableness of 
knowledge or situation, judging the arguments, and identifying the illusion in reasoning.  
  4.4  Generalizing refers to ability in finding relationship and constructing new 
generalization from information that is already known. 
  4.5  Specifying refers to ability in generating new application of a known 
generalization and making predictions based on that application. 
 Students’ Analytical Thinking is measured by the Analytical Thinking Test which is 
25 items of multiple choice questions developed by the researcher. 
 5.  Application of Knowledge refers to ability to utilize the knowledge learned in 
science classroom for other situation.  Students’ application of knowledge is measured by 
Application of Knowledge Test which is 12 items of open-ended questions developed by the 
researcher. 
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 6.  Students’ Opinions toward the FEACA Model refers to feeling or thoughts of 
students toward the FEACA Model as well as their impression and suggestions for the 
model.  Students’ Opinions toward the FEACA Model is measured by the Opinions 
Questionnaires toward the FEACA Model which is 20 items of five point rating Likert scale 
questionnaire and an open-ended question asking about students’ opinions toward the 
FEACA Model developed by the researcher. 
 7.  The Traditional Instruction refers to the regular teaching method of the science 
teacher who teaches science in the control group. 
 
Conceptual Framework of the Study 
 The conceptual framework of this study was developed as a consequence of the 
literature review based on contextual approach.  The learning unit was developed based on 
the FEACA Model for enhancing students’ conceptual understanding on Force and Motion, 
analytical thinking, and application of knowledge.  The conceptual framework is shown in 
FIGURE 1. 

  Independent variables           Dependent variables 
 
 
 
 
 
 
 
 

FIGURE 1 CONCEPTUAL FRAMEWORK OF THE STUDY 
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Research Hypotheses 
 1.  Students’ conceptual understanding posttest mean scores of the experimental 
group are higher than pretest mean scores with a statistically significant difference. 
 2.  Students’ conceptual understanding posttest mean scores of the experimental 
group are higher than that of the control group with a statistically significant difference. 
 3.  Students’ analytical thinking posttest mean scores of the experimental group are 
higher than pretest mean scores with a statistically significant difference. 
 4.  Students’ analytical thinking posttest mean scores of the experimental group are 
higher than that of the control group with a statistically significant difference. 
 5.  Students’ application of knowledge posttest mean scores of the experimental 
group are higher than that of the control group with a statistically significant difference. 
 6.  Students’ opinions scores toward the FEACA Model of the experimental group 
after implementation are at high level of performance. 
 



 

 

CHAPTER 2 
REVIEW OF THE LITERATURE 

 
 This chapter presents a review of the available literature for developing theoretical 
and methodological frameworks in this study.  The main areas are as follows:  
  1.  Constructivism 
  2.  Situated Cognition 
  3.  Contextual Approach 
  4.  Conceptual Understanding  
  5.  Analytical Thinking 
  6.  Application of Knowledge 
  7.  The FEACA Model Development 
 
Constructivism 
 The view that knowledge cannot be transmitted but must be constructed by the 
mental activity of learners, which refers to constructivism, underpins contemporary 
perspective on science education (Driver; & Oldham.  1986: 5).  This part presents more 
details of constructivism learning theory. 
 1.  Definitions of Constructivism 
 Constructivism is a learning theory that involves in explaining how the learners 
construct their own knowledge (Eggen; & Kauchak.  2001) and based on the work of several 
philosophers and educators such as John Dewey, Lev Vygotsky, Jean Piaget, and Jerome 
Bruner.  This theory places more emphasis on the learners to construct their own 
understanding and new learning exists in the context of prior understanding (Eggen; & 
Kauchak.  2001).  Learning is not knowledge transferring, but it is a construction of 
knowledge by the learners.  Students can actively and purposefully construct their own 
knowledge to make sense of scientific phenomena by using their existing knowledge and 
the new information.  In this way, learning is seen as the modification of the existing 
knowledge (Bell.  1991). 
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 2.  Characteristics of Constructivism 
 Simpson (2001) explained four characteristics of constructivism that influence 
learning which consist of: 
  1.  Learners construct their own understanding: students interpret stimuli on the 
basis of what they already know and construct understanding that make sense to them. 
  2.  New learning depends on current understanding: new learning is interpreted 
in the immediate context of current understanding.  It is first learned as isolated information 
which is connected to existing knowledge later.  
  3.  Learning is facilitated by social interaction: social interaction provides 
opportunities for students to articulate their own ideas, compare them to others, and change 
them if necessary.  
  4.  Situated learning within authentic task: learning can occur by involving 
learners in completion of authentic tasks which are anchored within a context meaningful to 
them.  Authentic tasks can simulate real world problematic situations and provide students 
with practice in thinking in realistic, life-like situation. It also increases students’ motivation to 
learn. 
 Hein (1991) described the characteristics that influence learning according to 
constructivism learning theory as follows:  
  1.  Learning is an active process which student uses sensory input and 
constructs meaning of it.  The more traditional formulation of this idea involves the term of 
the active learner that the learner needs to do something.  Learning is not the passive 
acceptance of knowledge which exists out there, but it involves the learners engaging with 
the world. 
  2.  People learn to learn as they learn: learning consists of both constructing 
meaning and constructing systems of meaning.  
  3.  The crucial action of constructing meaning is mental which happens in the 
mind. Hands-on experience may be necessary for learning of children, but it is insufficient.  
Providing activities which engage the mind as well as the hands would be more effective.  
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  4.  Learning involves language: On the empirical level, researchers have noted 
that people talk to themselves as they learn.  On a more general level, there is a collection of 
arguments that language and learning are inextricably intertwined. 
  5.  Learning is a social activity: learning is intimately associated with other 
people.  If teachers recognize this principle, students are more likely to be successful in 
learning. 
  6.  Learning is contextual: students do not learn facts and theories separate 
from the rest of their lives, but they learn in relationship to what else they know, what they 
believe.  This is actually a result of the idea that learning is active and social cannot 
disconnect learning from lives. 
  7.  One needs knowledge to learn: it is not possible to assimilate new 
knowledge without having some structure developed from previous knowledge to build on.  
The more students know, the more they can learn.  Therefore any effort to teach must be 
connected to the state of the learners and provide a path into the subject for the learner 
based on learner's previous knowledge. 
  8.  It takes time to learn: learning is not instantaneous.  Significant learning 
needs to revisit ideas, ponder them try them out, play with them and use them.   
  9.  Motivation is a key component in learning which helps learning, and also 
essential for learning.   
 Brooks and Brooks (1993) summarized a large segment of the literatures on 
descriptions of constructivist teachers.  They considered of a constructivist teacher as 
someone who will:  
  1.  Encourage and accept student autonomy and initiative. 
  2.  Use a wide variety of materials, including raw data, primary sources, and 
interactive materials and encourage students to use them. 
  3.  Inquire about students’ understandings of concepts before sharing their own 
understanding of those concepts. 
  4.  Encourage students to engage in dialogue with the teacher and with one 
another.  
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  5.  Encourage students’ inquiry by asking thoughtful, open-ended questions, 
encourage students to ask questions to each other, and seek elaboration of students’ initial 
responses.  
  6.  Engage students in experiences that show contradictions to initial 
understandings and then encourage discussion.  
  7.  Provide time for students to construct relationships and create metaphors. 
  8.  Assess students’ understanding through application and performance of 
open-structured tasks.  

 3.  Implication of Constructivism 
 The four general characteristics of constructivism that Simpson expressed can be 
applied to the constructivist classroom.  The first thing is to bring out students’ prior 
knowledge and understanding especially to diagnose existing misconceptions.  The second 
step is the intervention by teachers to mediate the learning of students with purposive 
activity.  The third is to establish social situations in with students can make sense of 
experiments in terms of what is already known.  The last one is a diversity of opportunities 
for students to represent their knowledge in a variety of assessment techniques that should 
be based on authentic learning assignments instead of separate test situations, and should 
focus on the process of learning as much as on the final outcome (Simpson.  2001). 
 Mayer (1992) suggested that learners construct new knowledge by selecting 
specific aspects of incoming information to consider, organizing the selected information in 
various ways, and relating them to form new conceptual knowledge.  The process of 
selection, organization and integration of information are automatic, but they become more 
effective as children learn to monitor and regulate their own learning and as they build up a 
bank of knowledge and experiences. 
 Students’ prior knowledge is very important as the basis for constructing new 
knowledge.  Students come to class with experiences from all sorts of events, places, and 
people in their lives.  Sewell (2002) described four different ways students deal with new 
information that differs from their previous understanding or knowledge which compose of 1) 
delete the preexisting knowledge; 2) modify the preexisting knowledge so that it fits the new 
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information; 3) modify the new information so that it fits the old knowledge; and 4) reject the 
new information.  
 Another approach related to science education is Saunders’ four step approach.  
This approach consists of 1) hand-on investigative labs; 2) active cognitive involvement; 3) 
work in small groups; and 4) higher level assessment.  The approach suggests that teacher 
cannot convey knowledge through lectures.  The learner must construct it in their own mind.  
The teacher cannot modify the student’s cognitive structure, only student can.  However, the 
teacher can assist students with cognitive restructuring by placing them in challenging 
situations (Saunder.  1992) 
 In summary, constructivism emphasizes how students learn and construct their own 
knowledge.  It indicates that knowledge appears from active engagement with familiar 
problems or environments, not from passively taking simple information by the students.  In 
addition, construction of knowledge is also influenced by students’ existing knowledge, 
experiences, abilities, beliefs, and attitudes.  Therefore, teachers’ role is to create situation 
and learning experience that engage and support students to explore, explain, evaluate, 
communicate, and apply these experiences. 
 
Situated Cognition 
 While situated cognition has gained recognition in the field of educational 
psychology in the late twentieth century (Brown; Collins; & Duguid.  1989), it draws a variety 
of perspectives.  Recent perspectives have focused on the concept of identity formation 
(Lave; & Wenger.  1991) as people negotiate meaning through interactions within 
communities of practice (Clancey.  1993).  This part presents more details of situated 
cognition. 
 1.  Definitions of Situated Cognition 
 Brown, Collins, and Duguid. (1989) defined “situated cognition” as the relationship 
between existing knowledge of the individual and the situation in which it is acquired.  It is 
organized from three themes in theories of cognition and learning as follows:  
  1.  Cognition is situated in certain physical and social contexts.  How a person 
learns a particular set of knowledge and skills depend on the situation in which he or she 
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learns them.  It is the fundamental part of what is learned and how that person transfers that 
knowledge. 
  2.  Cognition is social in nature. Interactions with other people are the major 
factors of what is learned and how that learning takes place.  Many successful school 
programs have viewed learning as cooperative, where groups rather than individuals and 
products are important and knowledge is distributed among all class members (Rogoff.  
1991); and  
  3.  Cognition is distributed over the individual, other people, symbolic and 
physical environment.  
 Anderson; Reder; & Simon (1996: 5) argued four positions that can be attributed to 
situated cognition theory: 1) Action is grounded in the concrete situation in which it occurs; 
2) Knowledge is not transferred between tasks.  Transfer of learning from one situation to 
another is not consistently predictable, and the ability to do so is a still the must be learned; 
3) Training by abstraction is little used; and 4) Instruction must be done in complex social 
environments.  They focused on knowledge transferring that can occur only when the 
individual has developed an abstract representational knowledge, which can be applied to 
multiple situations.  In contrast, from the situated perspective, participation in activity 
systems is an important key because the transfer of knowledge is possible when students 
are given the knowledge in one situation which can then occur in similar but unfamiliar 
situations in the school, the community or the workplace contexts (Greeno.  1997). 
 Situated learning emphasizes the idea that much of what is learned is specific to 
the situation in which it is learned.  Situated learning greatly emphasizes the relationship 
between what is learned in classroom and what is needed outside the classroom (Greeno.  
1997).  Situated cognition aims at letting the peers learn knowledge and skills in contexts 
where they are applicable (Brown; Collins; & Duguid. 1989).  Some advantages of the 
situated cognition approach are: 1) By linking together specific contexts and the knowledge 
to be learned, peers learn conditions under which knowledge should be applied; 2) 
Situations foster creative thinking.  Peers often learn how the knowledge has been applied in 
new situations; 3) Situation leads to the acquired knowledge being more practical in nature.  
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In summary, knowledge is situated, being in part a product of the activity, context, and 
culture in which it is developed and used (Brown; Collins; & Duguid. 1989: 32). 
 2.  Implication of Situated Cognition 
 Situated cognition implies that students should acquire knowledge and skills in 
meaningful contexts. Brown, Collins, and Duguid (1989) have proposed a model for 
transferring classroom into meaningful contexts or environments for learning, which is an 
authentic instruction.  Authentic activities are to be differentiated from school activities which 
do not share contextual features with related out-of-school tasks and often fail to support 
transference to an out-of-school setting.  Teachers must do the following: make the process 
visible to the student; situate abstract tasks in authentic contexts so that the students 
understand the relevance of the work; vary the diversity of situations; and articulate the 
common aspects so that the students can transfer what they have learned. 
 Collins, Brown, and Newman (1987) explained the model of instruction for 
enhancing student intellectual processes which emphasize cognitive rather than physical 
skills.  It contains five components: 1) Modeling - involves an expert's carrying out of the 
task so that student can observe and build a conceptual model of the processes that are 
required to accomplish the task; 2) Coaching - consists of observing students while they are 
carrying out a task and offering hints, feedback, modeling, reminders, etc; 3) Articulation - 
includes any methods of getting students to articulate their knowledge, reasoning, or 
problem-solving processes; 4) Reflection – enables students to compare their own problem-
solving processes with those of an expert or another student; 5) Exploration - involves 
pushing students into a mode of problem-solving on their own interest.  Forcing them to 
explore is critical if they are to learn how to frame questions or problems that are interesting 
and can be solved by themselves.  
 Situated learning uses the same components as the cognitive apprenticeship to 
enhance students' cognitive abilities.  On the process of the modeling, the instructor shows 
students how to complete tasks or solve problems while verbalizing the activity.  However, in 
contrast to typical school instruction, the activity is modeled within the context of real world 
situations.  For example, if a lesson deals with the concept of recycling, activities for 
students should be designed related to the real problems such as development of a 
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community recycling program.  As an introduction to this lesson, the instructors are 
expected to work through a similar problem with the class to model the thinking processes 
to be used.  By modeling the desired intellectual processes, students will discover that there 
are many ways to solve problems, which experts make mistakes, and seemingly simple 
problems are very complex in the real world (Hill; & Smith.  1998).  
 In conclusion, situated cognition describes learning and thinking which are always 
situated.  It includes the context in which learning takes place and the activities that occur, 
not just a content that has a direct and significant influence on what has been learned.  
Situated cognition implies that students should learn knowledge and skills in meaningful 
contexts, situated abstract tasks in authentic contexts, so that they can apply what they 
learn to the diverse situations such as work, home, and communities. In order to enhance 
students’ retention and application, the students need opportunities to learn in the context of 
everyday life as much as possible.  In addition, learning science in schools should better be 
contextualized or situated in meaningful settings to make what student learns in school more 
accessible and valuable in other contexts.  
 Constructivist and situated cognition views illustrate that learning cannot be 
separated from the context in which knowledge occurs and can be applicable.  Students 
should acquire knowledge and skills through meaningful contexts which they are familiar 
with.  Therefore, meaningful contexts are able to define the various science concepts as 
teaching and learning occurs.  Constructivism and situated cognition theoretical views of 
learning bring about the ideas of contextual approach. 
 
Contextual Approach 
 Over the last two decades many research studies have explored the effect of 
context and its importance in psychological and educational research (Holman; & Pilling.  
2004; Whitelegg;& Edwards.  2001; Tippins.  2003).  A contextual approach for teaching 
science involves teaching through real life contexts by combining the complexity of applying 
science ideas to the everyday experience of the world which aims to develop students’ 
application ability, and is intended to encourage the student active in the learning process 
(Holman; & Pilling. 2004). 
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 The impact of contextual approach has been significant and it is now widespread 
used.  Countries in which materials and courses with a contextual approach are in use 
include the USA, England, Australia, the Netherlands, Belgium, Brazil, Hong Kong, New 
Zealand, Russia, Scotland, South Africa and Swaziland (Bennett; Lubben; & Hogarth.  
2006). 
 1.  Definitions of Contextual Approach 
 The ideas of a contextual approach have been defined by different countries and 
different researchers and educators in several meanings.  Whitelegg and Parry (1999: 68) 
suggested that context-based learning can have several meanings. At its broadest, it means 
the social and cultural environment in which the student, teacher and institution are situated.  
For a narrower view of context, it might focus on an application of a science theory for the 
purposes of illumination and reinforcement.  
 The Office of Vocational and Adult Education defined the term of Contextual 
Teaching and Learning (CTL) as teaching that enables learning in which students employ 
their academic understandings and abilities in a variety of in-and out-of-school contexts to 
solve simulated or real-world problems, both alone and with others.  In addition, Glynn and 
Koballa (2005: 75) identified the context-based physics as integrating physics concepts and 
process skills in real-world contexts. 
 Howey (1999:19) described that contextual teaching and learning is a conception 
of teaching and learning that helps teachers relate subject matter content to real world 
situation and motivates students to make connections between knowledge and its 
applications to their lives as family members, citizens, students, and workers.  Bennett, 
Lubben, and Hogarth (2006: 348) explained that context-based approach are approaches 
accepted in science teaching where contexts and applications of science are used as the 
starting point for the development of scientific ideas.  This contrasts with the more traditional 
approaches that cover scientific ideas first, before looking at applications. 
  Souders and Prescott (1999: 38) stated that the contextual learning is based on the 
premise that learning is most effective when information is presented within a framework that 
familiar to the student. Lubben, Campbell, and Dlamini (1996) defined that contextualization 
is linking science to student everyday life and experiences which focused on events 
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common enough for all student to be able to relate to, such as a car failing to start, lightning 
strikes and dispute over the quality of maize meal.  So teaching contextually involves using 
the context rather than content or concepts to drive the teaching (Whitelegg; & Parry.  
1999).  
 The concept of contextual teaching and learning frequently draws the idea that 
science, mathematics, and other kinds of learning can more powerfully engage students 
when they are connected to workplace contexts.  From this perspective, the emphasis is on 
making science more relevant and useful to the lives of children through applications of 
concepts and real-life examples across diverse workplace settings (Huntley; Jacobs; & 
Weinberg.  1999).   
 Similarly Finkelstein (2001) reported that students can build an understanding of 
content in a context, and context mediates student understanding of content as a contextual 
constructivist model of learning (see FIGURE 2). 
 

           Context    a group of related situation, phenomena,  
              technological applications, everyday sense 

 
 
      Student    Content 

   Prior knowledge affect/ 
   motivate regulated learners 
 

FIGURE 2 CONTEXTUAL CONSTRUCTIVIST MODEL OF LEARNING 
 

       Source: Finkelstein.  (2001).  Context in the Context of Physics and Learning.  (online) 
 
 From above, a contextual approach is describe in many terms such as prior 
knowledge, motivation, regulation learners, and meaningful learning which persuade that a 
contextual approach is based on a constructivist learning theory.  A contextual approach 
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further describes that learning occurs in multiple contexts and teaching needs to be 
supported in the various life contexts of students. 
 2.  Meaning of Context 
 Several researchers have described the term of context in different meanings, 
depended on how it is used.  Context can mean the social and physical setting in where the 
learning takes place such as a classroom, a laboratory, a computer lab, or a worksite 
(CORD.  1999).  Whitelegg and Parry (1999) described context as a model used to provide 
a more concrete illustration of a concept, for example, Ball and Track Model is a context for 
learning about laws of motion.  Gunstone (1997) proposed that learning occurs in the 
context of previous experiences and out-of-school activities, which means context can be 
the prior learning that students bring to the lesson.  He also described context as an 
illustration or application of a pure science concept, for example, teaching about inertia 
following by a discussion of the need of seat belts. 
 A group of related situations, phenomena, technological applications and social 
issues are used as context of learning.  Besides, a real life situation, real world, everyday 
sense, and surrounding are the potential context that can help students make sense of 
scientific phenomena through their prior knowledge (Beasley.  2002). 
 Therefore, meaning of context can refer to the social and physical setting, model, 
previous experience, the technological applications, and everyday familiar topic.  These 
entire contexts help student realizes the value of science in the ways of explanations, 
applications, and finding out the solutions and making connection of science explanation 
with real life experiences. 

 3. Contextual teaching and learning strategies 
 In this part, several strategies using contextual approach for teaching and learning 
science will be presented to show effectiveness of contextual approach in science 
classroom. 
 One of teaching strategies for contextual teaching and learning is suggested by 
Center for Occupational Research and Development (CORD).  CORD described contextual 
teaching strategies as the REACT strategy.  This strategy focuses on teaching and learning 
in context that will be structured to encourage five essential forms of learning: Relating, 
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Experiencing, Applying, Cooperating, and Transferring.  Relating is the way of learning in 
the context of one’s life experiences or preexisting knowledge.  It is the most powerful 
contextual teaching strategy and also the heart of constructivism.  Experiencing is learning 
by doing through exploration, discovery, and invention.  If students do not have relevant 
experience or prior knowledge, teachers can overcome this obstacle and help the students 
construct new knowledge with hands-on experiences that take place inside the classroom.  
Applying is learning by putting the concepts to use in real life activities.  It helps student to 
see the value of leaning.  Cooperating is learning in the context of sharing, responding, and 
communicating with other learners.  It is a primary instructional strategy in contextual 
teaching.  Transferring is the using of knowledge in a new context or novel situation that has 
not been covered in class (CORD.  1999).  This strategic teaching model could be 
concluded as in FIGURE 3.  
 
 
 
 
 
 
 

FIGURE 3 ESSENTIAL ELEMENT OF THE REACT STRATEGY 
 

       Source: Center for Occupational Research and Development (CORD).  (1999).  
Teaching Science Contextually: The Cornerstone of Tech Prep.  p.  3. 
 
 Kortland (2007) explained four subsequent phases for the teaching – learning of 
specific context: Phase 1 - Orienting and evoking a global interest and motive for a study of 
the topic at hand; Phase 2 - Narrowing down this global motive to a content-specifically 
needed for more knowledge; Phase 3 - Extending the students’ knowledge, in the view of 
global motive and the more specifically formulated knowledge need; Phase 4: Applying this 
knowledge in situations the knowledge was extended for. 
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 Hipkins, Joyce, and Bull (2000: online) developed the context based cycle of 
learning science as can be seen in FIGURE 4: 
 

 
FIGURE 4 MODEL FOR CYCLES OF LEARNING THAT INTEGRATE CONTEXTUAL AND  
       CONCEPTUAL KNOWLEDGE 
 
       Source:  Hipkins; Joyce; & Bull.  (2000).  Modeling the Complexity of Concept/ Context 
Interactions in Science Learning.  (online) 
 
 Kruatong (2007: 116-117) developed the four steps in the learning sequence 
(FIGURE 5) for a lesson plan that adopts a contextual approach.  Step 1: Start with a context 
– this means the context is introduced before the content is taught to focus students’ 
attention on the learning situation.  Step 2: Investigate through the context-based problem – 
students are encouraged to answer questions or solve problems from the first step by 
experiment, demonstration, reading assignments.  Step 3: Identify concepts through the 
context – students are encouraged to report the results of their investigations to the class, 
discuss, and make summaries of the concepts.  Step 4: Apply concepts to new contexts – 

Step One 
Begin with a familiar context - explore its 
features in a manner that engages the 
children/ consolidates familiarity (stories, 
direct exploration etc). 

Step Two 
Identify relevant patterns within the context, 
drawing attention to salient features and 
building vocabulary that will be needed for 
the intended conceptual focus. 

Step Four 
Where appropriate, continue on to develop a 
more advanced conceptual understanding 
(but often this stage will be skipped with 
young children). Return to the context to 
check new understandings and/or apply new 
ideas to other contexts. 

Step Three 
Introduce the provisional concepts (the 
'foothills for learning') that make sense of 
these patterns within a theoretical science 
framework. Return to the context again (if 
not proceeding to step four). 
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students are presented with new contexts which correspond to the concept they have 
learned.  
 
 
 
 
 
 
 
FIGURE 5 FLOWCHART OF THE LEARNING SEQUENCE WITH A CONTEXTUAL  
       APPROACH 

 
       Source: Kruatong.  (2007).  The Development of High School Students Understanding 
and Application of Heat and Thermodynamics Concepts through a Contextual Approach.  
p.115. 
 
 The SMILE (Science and Math Investigative Learning Experiences) program at 
Oregon State University has developed an instructional framework called REAL (Realistic 
Experiences Active Learning).  This framework was developed for real-world, problem-
based studies that can be used in a variety of settings.  The REAL framework is based on 
the following structural guidelines: 1) Background knowledge – students should start by 
acquiring the vocabulary that relates to the chosen problem, and learning the scientific 
concepts and principles underlying the problem; 2) Problem exposition – the problems 
should be the current social interest that can be collected, analyzed, and presented in a 
realistic context; 3) Data collection – students should have an opportunity to observe how 
scientists collect appropriate data and should collect data themselves; 4) Data analysis – 
students should be guided directly by professional mentors in analyzing data relevant to the 
problem; 5) Data synthesis – students should work in teams under the guidance of the 
professional mentor to develop solutions; 6) Solution presentation – students should prepare 
and deliver a presentation explaining their proposed solution based on their scientific 



27 

findings; 7) Career information – students should learn about career opportunities from the 
scientists and other mentors (Bloomfield; Dahl; & Pasch.  1996: 33).  This framework 
composes of the same step as in scientific process. 
 Beasley (2002: online) showed the major steps in the learning sequence flowchart 
(FIGURE 6) for context-based design beginning with the context being revealed through to 
the finalization of learning as evidenced in student presentation and reports. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 6 CONTEXT-BASED UNIT OF WORK FLOWCHART 
 

       Source: Beasley; & Warren.  (2002).  From Context to Concept: The Implications for the 
Teaching of Chemistry.  (online) 
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 In conclusion, several research studies attempt to verify and confirm effectiveness 
of contextual teaching and learning strategies in the classroom.  From all teaching and 
learning strategies above, the contextual approach could be analyzed into five essential 
features as shown in TABLE 1. 
 The results of analyzing, contextual teaching and learning strategies could be 
summarized and synthesized into five important features consisting of:  
  1.  Students will be engaged with context or real life experience to catch their 
attention 
  2.  Students have the opportunity to do hands-on experience for exploring and 
collecting data. 
  3.  Students develop their conceptual understandings by themselves under the 
facilitating of a teacher. 
  4.  Students share and communicate their ideas with other students. 
  5.  Students apply their knowledge they have learned in the class to other 
contexts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

TABLE 1 ANALYZING CONTEXTUAL TEACHING AND LEARNING STRATEGIES 

Model 

REACT 
strategy 

of 
CORD 
(1999) 

REAL of 
SMILE 
(1996) 

Basley’s 
Model 
(2002) 

Kruatong
’s Model 
(2007) 

Hipkins, 
Joyce & 
Bull’ s 
Model 
(2000) 

Kortland
’s Model 
(2007) 

Frequency 
The Important Features of 

Contextual Approach 

- Background knowledge 
- Vocabulary 

      1 
 

- Relating, Start with context 
- Questions, Problems 
- Focus on students’ attention       6 

Students will be engaged 
with context or real life 
experience to catch their 
attention. 

- Experiencing, Explore, 
Discovery, and Invention 
- Hands-on experience, Data 
Collection 

      5 

Students have the 
opportunity to do hands-
on experience for 
exploring and collecting 
data. 
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TABLE 1 (continued) 

Model 

REACT 
strategy 

of 
CORD 
(1999) 

REAL of 
SMILE 
(1996) 

Basley’s 
Model 
(2002) 

Kruatong’
s Model 
(2007) 

Hipkins, 
Joyce & 
Bull’ s 
Model 
(2000) 

Kortland
’s Model 
(2007) 

Frequency 
The Important Features of 

Contextual Approach 

- Data Analysis    
   

1  

- Data Synthesis, Identify 
Concept,  Developing 
Conceptual Understanding 

      4 

Students develop their own 
conceptual understandings 
under the facilitating of a 
teacher. 

- Applying: Putting the 
concepts to use in real life 
activities 

      1 

 

- Cooperating, Sharing, 
Responding, Communicating, 
Discussion, Presentation 

      4 
Students share and 
communicate their idea 
with other students.   
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TABLE 1 (continued) 

 

 
 
 
 
 

Model 

REACT 
strategy 

of 
CORD 
(1999) 

REAL of 
SMILE 
(1996) 

Basley’s 
Model 
(2002) 

Kruatong’
s Model 
(2007) 

Hipkins, 
Joyce & 
Bull’ s 
Model 
(2000) 

Kortland
’s Model 
(2007) 

Frequency 
The Important Features of 

Contextual Approach 

- Transferring: Using of 
knowledge in a new context 
or novel situation       5 

Students apply their 
knowledge they have 
learned in the class to other 
contexts. 

- Reflecting and Debriefing       1  
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 4.  Research related to Contextual Approach 
 Whitelegg and Edwards (2001) investigated the effects of learning physics using an 
everyday life approach and examined the transfer of phenomenon physics concept across 
the different real-life contexts, e.g. Jazz and Pop Unit to study sound waves and Physics for 
Sport Unit to study forces and Newton’s law.  They found that students felt that these 
approaches made the physics more understandable and interesting.  Students were able to 
see how physics concepts relate to their interest outside.  
 Bennett and Lubben (2006) developed context-based courses for upper high 
school students called Salters Advanced Chemistry.  The results of this study indicated that 
students responded positively to the context-based approach adopted in Salters Advanced 
Chemistry, and developed levels of understanding of chemical ideas comparable to those 
taking more conventional courses.  
 Gutwill-Wise (2001) worked with university students following introductory chemistry 
courses by comparing students who had followed the context-based approach of 
ChemConnections with matched groups of students who had followed a traditional 
approach to chemistry.  The study found that in both institutions students who followed the 
context-based approach emerged with a better understanding of chemistry than their peers 
who followed a traditional approach. 
 Whitelegg and Parry (1999) developed the Supported Learning in Physics Project 
(SLIPP) which is an Open University-led Curriculum development initiative for post-16 
students in physics.  This project used specially written texts to provide physics learning for 
students based on real-life contexts and had the potential to help students to transfer their 
understanding between contexts and also reinforced their learning by enabling students to 
revisit the same physics concepts in a variety of real-life contexts. 
 Song and Black (1992) examined the effects of task contexts on students’ 
performances in science process skills.  The results showed that students’ performance in 
interpretation skill in everyday contexts was better than in scientific contexts.  It was argued 
that the students’ interpretation skill may be used mainly in their everyday life situations.  
 Lubben, Campbell and Dlamini (1996) conducted research with Swazi secondary 
students to contextualize lessons on circuit electricity, air, and respiratory.  They found that 
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contextualized lessons influenced students’ motivation, interest, participation, and concept 
development. Similarly, Rennie and Parker (1996) investigated the effects of the present 
contexts in physics problems by comparing the performance of physics students on two 
sets of match problems.  They found that students performed and understood better on the 
tasks with context because problems with context are generally perceived to be more 
interesting.  So providing the context is relevant and not contrived for students. 
 Kruatong (2007) used contextual approach to develop high school students’ 
understanding and application of heat and thermodynamics concepts.  The results showed 
that understanding and application of students were enhanced through the presentation of 
heat and thermodynamics concept.   
 In conclusion, various researches illustrated the effectiveness of applying 
contextual in science classroom.  This approach motivated students’ interesting in learning 
science and increase attitude toward science.  Furthermore, understanding of science 
concepts, science process skills, and application of knowledge were improved via this 
teaching and learning approach.  Therefore, this approach should be one of the good 
teaching and learning methods that influences students’ learning. 
 
Analytical Thinking 

 Considered as a fundamental thinking of others, analytical thinking is the essential 
thinking for learning and living of human.  To achieve the desired result, problems facing in 
everyday life must be solved through analytical thinking correctly and efficiently.  This part 
presents more details of analytical thinking. 
 1.  The Definitions of Analytical Thinking 
 Several educators and researchers have studied and defined the meaning of 
analytical thinking in many ways.  Spencer and Spencer (2008) explained that analytical 
thinking involves understanding a situation by breaking it apart into smaller pieces, or 
tracing the implications of a situation in a step-by-step casual way.  It includes organizing 
the parts of a problem or situation in a systematic way; making systematic comparisons of 
different features or aspects; setting priorities on a rational basis; and identifying time 
sequences, causal relationships, or If -Then relationships. 
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 Amer (2005) characterized analytical thinking as powerful thinking tool for 
understanding the parts of a situation.  It can be defined as an ability to examine and break 
down facts and thoughts into their strengths and weaknesses: and develop a capacity to 
think in a thoughtful, discerning way, solve problems, analyze data, recall and use 
information. 
 A famous educator, Benjamin Bloom, has developed taxonomy of educational 
objectives called Bloom’s Taxonomy. Bloom classified six levels of important intellectual 
behavior in learning consisting of knowledge, comprehension, application, analysis, 
synthesis, and evaluation.  For analysis, it emphasizes the breakdown of the information into 
its component parts, the detection of the relationships of the parts, and the way they are 
organized.   
 Marzano (2001: 10) also developed the six levels of the New Taxonomy consisting 
of retrieval, comprehension, analysis, knowledge utilization, metacognition, and self-system 
thinking.  For analysis, it involves examining knowledge in fine detail and generating new 
conclusions.  By engaging in these processes, learners can use what they are learning to 
create new insights and invent ways of using what they have learned in new situations. 
 Therefore, analytical thinking can be defined as various aspects concerning a 
thinking process used to break down the information into its component parts, examine 
knowledge in fine detail, discover and organize the relationships between the parts, and 
generate new conclusions.  These are necessary skills for students to use both in the class 
and in their daily life. 
 2. Levels of Analytical Thinking 
 In Bloom’s Taxonomy, analysis can be divided into three levels consisting of 
Analysis of Elements, Analysis of Relationships, and Analysis of Organizational Principles.  
At the first level, students are expected to break down the material into its component parts, 
and identify or classify the element of the communication.  At the second level students are 
required to explicitly make the relationships between the elements, and determine their 
connections and interactions.  The third level involves recognition of the organizational 
principles, arrangement, and structure, which hold together the communication as a whole 
(Bloom.  1956: 145). 
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 Marzano (2001: 10) explained that the analysis processes involve examining 
knowledge in fine detail and generating new conclusions.  By engaging in these processes, 
learners can use what they are learning to create new insights and invent ways of using 
what they have learned in new situations.  There are five cognitive processes in analysis 
consisting of matching, classifying, error analysis, generalizing, and specifying. 
  1.  Matching 
  Matching processes deal with the identification of similarities and differences 
between knowledge components.  This is a basis of other types of analysis processes.  The 
process of matching may be simple or complex, depending on the demands of the task.   
  The strategies of developing matching process that foster a high degree of 
analytic thinking include the following basic steps: 
   1.1 Choosing the items to be analyzed 
   1.2 Identifying the attributes or characteristics to be analyzed 
   1.3 Determining how the attitudes and characteristics are alike an different 
   1.4 Stating the similarities and differences as precisely as possible 
  2.  Classifying 
  Classification refers to organizing knowledge into meaningful categories.  
Similar to matching, it is basic to human thought.  Although learners use the process of 
classification naturally, this process can be very challenging.  Specific steps in the 
classification involve the following components: 
   2.1 Selecting the item to be classified. 
   2.2 Identifying the important characteristics of that item. 
   2.3 Naming a superordinate category to which the item belongs, and 
explaining why it belongs in that category. 
   2.4 Identifying any subordinate categories for the item and explaining how 
they are related. 
  As these steps illustrated, a student must be able to identify knowledge that is 
superordinate to it and knowledge that is subordinate to it.  This goes beyond simply 
organizing knowledge into similar categories.  Therefore, classification in the New Taxonomy 
forces the learner to organize knowledge into hierarchic structures. 
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  3.  Error Analysis 
  The analytic process of error analysis addresses the logic or reasonableness of 
knowledge.  The existence of this cognitive function implies that information must be 
considered reasonable for an individual to accept validity of it.  People naturally and quickly 
make judgments regarding how reasonable knowledge is.  However, error analysis as an 
analytic skill within the New Taxonomy involves (a) consciously judging the validity of the 
knowledge based on explicit criteria and (b) identifying any errors in reasoning that have 
been presented. 
  4.  Generalizing 
  Generalizing is the process of constructing new generalizations from 
information that is already known which can be conducted both deductively and inductively.  
This is a set of steps students might follow when generalizing:  
   4.1 Focusing on specific pieces of information or observations. 
   4.2 Finding patterns or connections in the information that has been 
identified. 
   4.3 Creating a general statement that explains the patterns or connections 
that have been observed. 
   4.4 Collecting more observations or examples to see if the works have 
generalized in all situations and change it as necessary. 
  5.  Specifying 
  Specifying is the counterpart to generalizing. It is the process of generating new 
applications of a known generalization or principle.  Where the analytic process of 
generalizing is more inductive, the analytic process of specifying tends to be more 
deductive in nature.  This is a process that might be followed during specification: 
   5.1 Identifying the specific situation that is being considered or studied. 
   5.2 Choosing the generalizations or principles that applied to the specific 
situation. 
   5.3 Ensuring that the specific situation matches the conditions that have to 
be in place for those generalizations or principles to apply. 
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   5.4 Identifying what is known about the specific situation, that is, what 
conclusions can be drawn or what predictions can be made. 
  In conclusion, analytical thinking in Bloom Taxonomy and Marzano’s Taxonomy 
can be combined as shown in TABLE 2. 

 
TABLE 2 THE COMPARISONS OF ANALYTICAL THINKING IN BLOOM’S TAXONOMY AND  
       MARZANO’S TAXONOMY 
 

Bloom’s Taxonomy Marzano’s Taxonomy 

Analysis of elements 
Matching 

Classifying 

Analysis of relationships Error analysis 

Analysis of organizational principles 
Generalizing 

Specifying 

 
  1.  Analysis of Elements of Bloom’s Taxonomy can be arranged in the same  
group with Matching and Classifying of Marzano’s Taxonomy.  They emphasize on the 
abilities to separate similarity or difference of the component parts or situation, and organize 
each part into meaningful categories. 
  2. Analysis of Relationships of Bloom’s Taxonomy and Error Analysis of 
Marzano’s Taxonomy should be arranged in the same group.  They are abilities to make 
explicit relationships between the old and new information for reasonable conclusion. 
  3.  Analysis of Organizational Principles of Bloom’s Taxonomy can be arranged 
in the same group with Generalizing and Specifying of Marzano’s Taxonomy.  These are 
abilities to apply knowledge, principle, and theory to new situation: and predict what will 
occur in the future. 

  In addition, the cognitive process of analysis in Marzano’s Taxonomy 
incorporates elements from at least three levels of Bloom’s Taxonomy. Matching in 
Marzano’s Taxonomy appears to be similar to the analysis of relationships within the 
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analysis of Bloom’s Taxonomy.  Classification in Marzano’s Taxonomy appears to be similar 
to identifying a set of abstract relations within the synthesis of Bloom’s Taxonomy.  Error 
analysis in Marzano’s Taxonomy is similar to judgments in terms of internal evidence within 
the evaluation of Bloom’s Taxonomy.  It is also similar to analysis of organizing principles 
within the analysis of Bloom’s Taxonomy. Generalizing and specifying in Marzano’s 
Taxonomy appear to be similar to or embedded in many components of the analysis, 
synthesis, and evaluation of Bloom’s Taxonomy. In short, analysis within Marzano’s 
Taxonomy incorporates a variety of aspects of the three highest levels of Bloom’s 
Taxonomy. 
 3.  Research related to Analytical Thinking 
 Siribunnam and Tayraukham (2009) studied the effects of 7-E, KWL, and 
conventional instruction on analytical thinking, learning achievement, and attitudes toward 
chemistry learning of the eleventh grade students.  The result showed that students who 
learned by using the 7-E learning cycle have gained analytical thinking, science learning 
achievement, and attitudes toward chemistry learning higher than students who learned by 
KWL learning and the conventional approach.  Therefore, teachers should be supported to 
implement the 7-E learning cycle in science teaching in the classroom. 
 Sathavonmanee (2005) developed activities based on three main principals 
including individuality, democracy, and practice, in the enrichment program on the fifth 
grade students.  The study shows that the activities can enhance students’ analytical 
thinking skill in 5 areas which are Matching, Classifying, Error Analysis, Generalizing and 
Specifying.  
 Poosiris (2007) studied the use of the approach based on Dewey’ scientific method 
on analytical thinking of the ninth grade students and found that there were 80 percent of 
students who passed the criteria on analytical thinking test.  
 Phophat (2007) studied on the analytical thinking of students by using science 
activities learning packages on concept mapping.  The samples of this research were the 
students in the ninth grade of Banwungkata School.  The outcome showed that the 
analytical thinking ability of the students taught with science activities learning packages on 
concept mapping was higher than before and significant at the .01 level. 
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 Nonsrichai (2007) studied the analytical thinking and achievement of the eleventh 
grade students in studying biology through inquiry cycle (5E).  The result showed that 
teaching by using inquiry cycle promoted students’ analytical thinking in studying biology 
which a core of all students passed the prescribed criteria.  
 In conclusion, several researches indicated that analytical thinking is a very 
important skill and could be developed through various instructional methods, approaches, 
and techniques.  Therefore, teacher should provide appropriate activities for encouraging 
students to think analytically.  
 
Conceptual Understanding  
 Teaching for understanding is a goal of instruction in every classroom, especially in 
the science classroom.  Teacher should emphasize how to create a learning environment for 
students to learn with understanding.  Many researchers have tried to explain what it means 
to learn with understanding and teach for understanding. 
 1.  Definitions of Conceptual Understanding  
 Conceptual understanding can be described in terms of breadth and depth.  
Breadth refers to the extent distributed and represents the major part of a specific domain.  
On the other hand, depth refers to the knowledge of scientific principles that describes the 
relationship among the concepts.  Breadth and Depth are related to each other and are 
important aspects of conceptual understanding (Alao; & Guthrie.  1999: 244). 
 Carpenter and Lehrer (1999) have described that understanding is the most 
important aspect of learning. When students obtain knowledge with understanding, they can 
apply that knowledge to learn new topics and solve unfamiliar problems.  If they do not 
understand, they cannot apply their skill to solve unfamiliar problems, and extend their 
knowledge to new topics. 
 Abraham and Williamson (1994: 152) have identified criteria to classify students’ 
responses and make comparisons on the degree of understanding as following: 
  1.  Sound Understanding (SU): Valid responses for each concept statement are 
developed which represented the sound understanding of that concept. 
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  2.  Partial Understanding (PU): Responses demonstrating partial understanding 
of the concept are characterized by the student mentioning at least one of the components 
of the scientifically accepted concept. 
  3.  Partial Understanding with Specific Misconception (PU/SM): Response that 
shows understanding of the concept, but also contains a misconception. 
  4.  Specific Misconceptions (SM): Responses that include illogical or incorrect  
information. 
  5.  No Understanding (NU):  These responses can be characterized by one of 
the following manner: repeating the question, containing irrelevant information or an unclear 
response, replying “I don’t know”, or no response was given to the statement. 

 2.  The Development of Conceptual Understanding 
 Science concepts are central to the science instruction: and the students 
understanding these concepts are important to the successful teaching and learning.  
Without science concepts, students would be nearly impossible to follow much of the public 
discussion of scientific results or public policy issues pertaining to science and technology 
(Enger; & Yager.  2001: 2). Therefore, in order to help students constructing an 
understanding of the natural world, students’ prior knowledge should be the starting point 
for the instruction. 
 Research indicated that in order to develop conceptual understanding, students 
should have concrete experience with concepts before moving to abstractions: and they 
need opportunities to try and do, not just read about science.  The evidence that science 
concepts have been learned is evidenced most strongly when students can use the 
concepts in a real-life or real-world situation (Enger; & Yager.  2001: 3). 
 Carpenter and Lehrer (1999) proposed and discussed on how understanding is 
developed into five forms of mental activity that consist of: 
  1.  Constructing relationships 
  People construct meaning for a new idea or process by relating it to ideas or 
processes that they already understand.  If teachers can help their students build their 
knowledge and relate what they have known to what they are studying in the classroom, 
they are likely to understand better.  For example, if students can relate an everyday activity 
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such as breaking a bike with friction to a concept that they learn in the classroom, they will 
understand this topic better. 
  2.  Extending and applying knowledge 
  It is not enough to develop understanding by adding new concepts to the 
existing knowledge.  Developing understanding involves connecting new knowledge to the 
prior knowledge and integrating knowledge structures.  This structuring of knowledge can 
make learning with understanding generative.  When knowledge is highly structured, new 
knowledge can be related to the existing networks of knowledge.  Moreover, knowledge that 
is received from learning with understanding should be learned in ways that clarify how it 
can be used.  
  3.  Reflecting about experiences 
  Reflection involves the conscious examination of one’s own actions and 
thoughts.  Reflection plays an important role in solving unfamiliar problems.  Problem solving 
is a relation between prior knowledge and a condition of a problematic situation.  Students 
will have a better chance of achieving this skill if reflection is a part of the knowledge-
acquirement process. 
  4.  Articulating what one knows 
  Articulation involves the communication or expression of one’s knowledge. It is 
an important goal of education and also a benchmark of understanding.  To articulate our 
ideas, we must reflect on them in order to identify and describe critical elements.  
Articulation requires reflection and can be thought of as a public form of reflection.  
  5.  Making knowledge one’s own 
  Understanding involves the construction of knowledge by individuals through 
their own activities so that they develop a personal investment in building knowledge.  They 
cannot understand their knowledge because someone has told them or explained to them, 
but they need to adopt an opinion that knowledge is evolving and provisional.  Students 
author their own learning.  They develop a tendency to understand and try very hard to 
understand because understanding becomes important to them. 
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 Gabel (2003: 71) has identified several effective teaching strategies to promote the 
conceptual understanding of science. These teaching strategies can be incorporated into 
various teaching-learning situations.  
  Learning Cycle Approach  
  The learning cycle approach involves three phases: exploration, invention, and 
application.  Its application produces a better content achievement, improved thinking skills, 
and more positive attitudes toward science.  This approach has been adapted for using in 
high school.  The exploration phase includes providing students with items that they use to 
explore a given concept with few directives.  An interactive teacher-centered phase 
describing relevant concepts follows.  After students understand the concept, they apply it 
to a new situation in the application phase.  The addition of a prediction phase before the 
exploration, and an evaluation phase after the application, make the Learning Cycle 
Approach more effective.  
  Science/Technology/Society (STS) 
  STS integrates science concepts with knowledge of technology and fosters an 
awareness of societal implications.  This approach not only increases students’ knowledge 
of facts, concepts, and principles but also helps students learn to analyze data and test 
hypotheses, uses their creativity, and develops positive attitudes toward science.   
  Real-Life Situations 
  This approach uses real-life situations that do not necessarily include 
technological or societal problems for teaching science.  It increases students’ knowledge 
of concepts and interest in science as well as improves problem-solving skills.   
  Analogies 
  Using analogies in science teaching promotes conceptual understanding.  A 
student can gain a better understanding of the principle by comparing that principle with 
examination that is familiar.   
  Wait-Time 
  “Wait-time” refers to the time that a teacher waits to call on a student for a 
response after posing a question, even though the answer given is correct before calling on 
another student to respond.  The technique of waiting between three and seven seconds 
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after asking the students a question provides time to think.  Research found that increasing 
wait-time can positively affect achievement in both elementary and secondary classrooms. 
  Concept Mapping 
  Another technique accepted to improve understanding of science is concept 
mapping.  Concept maps are schematic diagrams that use word to show the relation of one 
concept to another.  During an instruction, using concept maps requires students to focus 
on the relationships among concepts so that students’ long-term memories will accord with 
the scientific view.  After the instruction, teachers can ask students to make concept maps 
of the topic studied to determine if they have understood the relationship, or if an additional 
instruction is needed.   
  Inquiry 
  Inquiry was thought to be an important part of science teaching in K-12 schools.  
Students can use inquiry not only to understand new concept, but also learn the same 
processes that scientist using in discovering new knowledge, by asking questions, 
observing, inferring, predicting, classifying, controlling variables, measuring and making 
charts and graphs.  As presented in Inquiry and the National Science Education Standards, 
the essential features of classroom inquiry include engaging students through scientifically 
oriented questions, obtaining evidence related to the questions, formulating explanations 
from the evidence, evaluating the explanation in light of other possible explanation, and 
communicating and justifying their explanations to others. 

 3.  Research related to Conceptual Understanding 
 Kruatong (2007) used contextual approach to develop high school students’ 
understanding of heat and thermodynamics concepts.  The results showed that the 
students’ understanding was enhanced through the presentation of heat and 
thermodynamics concepts in the context of situation students identified with, and by 
students being asked to identify contrasts and comparisons between concepts across the 
contexts. 
 Khongpugdee (2010) studied effects of teaching astronomy based on inquiry 
method using Earth Moon Sun System Model (EMS-Model) innovation on the ninth grade 
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students, and found that this model can improve students’ astronomy conceptual 
understanding.  
 Johnson, Siegler, and Alibali (2001) studied the use of an iterative process to 
develop conceptual understanding and procedural skill in Mathematics.  Two experiments 
were conducted with the fifth and sixth grade students learning about decimal fractions.  
The outcome illustrated that this process promoted students’ conceptual understanding.  
 McConnell et al. (2006) developed concept tests for geosciences for using in a 
wide range of classroom settings, including large introductory general education Earth 
Science courses for non-majors at open enrollment institutions, smaller physics geology 
classes suitable for majors at private colleges, and in introductory geology laboratory 
settings.  The results of pre- and post-classes Geoscience Concept Inventory (GCI) testing 
and qualitative feedback from students and instructors showed that the conceptests 
increased attendance, improved student satisfaction, and enhanced student achievements. 
 Wild and Trundle (2010) studied the misconceptions of students with visual 
impairment about seasonal change.  The students who participated in traditional instruction 
exhibited alternative conceptions before and after instruction, whereas those who 
participated in inquiry-based instruction had alternative conceptions before instruction and 
scientific understandings after the instruction. 
 In conclusion, conceptual understanding is the main goal of science teaching.  
Several researches have studied and investigated appropriate strategies to help students 
understand fundamental concept of science.  Teacher’s role is to design several activities 
and use appropriate strategies for supporting students to achieve that goal.   
 
Application of Knowledge 
 After learning content knowledge, application of knowledge is the next step of 
every classroom.  In order to apply knowledge, students have to actually understand what 
they learn in the class, not just memorize. Draskovic and Jovovic (2008) addressed that 
retrieval alone is not enough to apply knowledge; and the success of knowledge application 
appears to be a function of the characteristics of the individual, the knowledge content, the 
purpose of reuse for the particular task at hand, and the organizational context or culture.   
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 1.  Definition of Application of Knowledge 
 Several educators have studied and identified definition of application in many 
ways.  As Bloom (1956) explained in application levels of Bloom’s Taxonomy, students 
should be able to use the material in new situations, which means applying concepts, 
principles, rules, theories, and laws to find solutions to new problems that they have not 
seen before. 
 Mazarno (2001) explained that knowledge utilization, the final level of cognitive 
processes, is the use of knowledge.  This process requires students to apply or use 
knowledge when they wish to accomplish in specific situations.   
 Knowledge application refers to the actual use of knowledge that has been 
grasped or created and put in the knowledge management cycle as shown in FIGURE 7 
 
 
 
 
 
 
 
 
 

FIGURE 7 AN INTEGRATED KNOWLEDGE MANAGEMENT CYCLE 
 

       Source: Draskovic; & Jovovic.  (2008).  Building Successful Knowledge Organization  
Through Knowledge Application at the Individual and Organizational Levels.  p. 62.   
 
 Therefore, the definition of application can be defined as learner’s abilities in 
employing knowledge, principles, theories, and laws which they have learned in the 
classroom to decide and solve problem facing in new situation or daily life. 
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 2.  Categories of Application of Knowledge 
  Marzano (2001) has proposed four general categories of knowledge application 
processes consisting of decision making, problem solving, experimental inquiry, and 
investigation.  
  1.  Decision Making 
  The process of decision making is used when an individual must select 
between two or more alternatives.  Steps commonly associated with the process of decision 
making include: 
   1.1 Identification of alternatives 
   1.2 Assignment of values to alternatives 
   1.3 Determination of probability of success 
   1.4 Determination of alternatives having highest value and highest 
probability of success 
  2.  Problem Solving 
  The process of problem solving is used when an individual attempts to 
accomplish a goal for which an obstacle exists.  Steps connected with problem solving 
consist of: 
   2.1 Identification of obstacle to goal 
   2.2 Possible re-analysis of goal 
   2.3 Identification of alternatives 
   2.4 Evaluation of alternatives 
   2.5 Selection and execution of alternatives 
  3.  Experimental Inquiry 
  Experimental inquiry is the process of generating and testing hypotheses for the 
purpose of understanding some physical or psychological phenomena.  The steps related 
with the experimental inquiry contain: 
   3.1 Making predictions based on known or hypothesized principles 
   3.2 Designing a way to test the predictions  
   3.3 Evaluating the validity of the principles based on the outcome of the test 
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  4.  Investigation 
  Investigation is the process of generating and testing hypotheses about past, 
present, or future events.  Steps associated with the process of investigation include: 
   4.1 Identifying what is known or agreed upon regarding the phenomenon 
under investigation 
   4.2 Identifying areas of confusion or controversy regarding the  
Phenomenon 
   4.3 Providing an answer for the confusion or controversy 
   4.4 Presenting a logical argument for the proposed answer 

 3.  Research related to Application of Knowledge 
 Kruatong (2007) used contextual approach to develop high school students’ 
application of heat and thermodynamics concepts.  The results showed that application 
abilities of student were improved through this approach.  The use of a situation as a 
learning context gave the students an opportunity to apply concepts they have learned to 
new situation at the end of a lesson.  
 Deejaras (2002) studied physics application in the daily life of 456 twelfth grade 
students in 13 schools of Samutprakarn province by classification of school size, grade 
average, and sex.  The instrument used was the application of Physics knowledge in 5 
areas, 15 mechanical science items, 6 light and sound wave items, 4 atom and nuclear 
physics items, 5 heat items, and 10 electro-magnet items.  It has been found that the ability 
of students to apply physics knowledge to their daily life was at the middle level.  The ability 
to apply physics knowledge to daily life of students who studied in different sizes was 
different at the .05 level of significant except for that of students who studied in the extra 
large school size and large school size.  Moreover, the ability of male and female students 
to apply physics knowledge was different at the .05 level of significant. 
 Suvanprateep (2005) studied physics applications in the daily life of High Diploma 
Level Major Industrial Student in Rajamongala University of Technology and compared an 
ability to apply Physics Applications by classification of regional, major, and gender.  The 
results showed that the ability of students to apply physics knowledge was at middle level 
accomplishment with the average percentage of 63.58.  The ability of students who studied 
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in different regions to apply physics knowledge was different at the .05 level of significant; 
and the ability of the students who studied in different majors to apply physics knowledge 
was not different with reliability of 95 percent.  Furthermore, the ability of male and female 
students to apply physics knowledge was not different with reliability of 95 percent. 
 Cheentham (1995) studied scientific application in the unit of organism, physical 
environment, energy and chemicals in everyday life of the fifth grade students in 
cooperating schools for developing the curriculum under the office of Chahoengsao 
Provincial Primary Education.  The results showed that the total mean score was 27.28 or 
68.19 percent. In addition, females gained more score than males at the significant level of 
.05 for their scientific application in everyday life, and students whose parents differed in 
their occupation made no difference in their scientific application in everyday life. 
 Suriyo (2001) studied and compared the application of science course knowledge 
in daily life of the ninth-grade students in Chachoengsao Province with sex, parents’ 
occupation, parents’ education, and school size differences.  The results showed that the 
students’ application of science course knowledge in daily life was at the medium level.  The 
students with different sex showed statistically significant difference at the .05 level in 
application of science course knowledge in daily life.  The students with different parents’ 
occupation and parents’ education showed statistically significant difference at the .05 level 
in application of science course knowledge in daily life.  In addition, the students who 
studied in different school size showed statistically significant difference at the .05 level in 
application of science course knowledge in daily life. 
 Chunthup (2000) studied and compared the ability in using science knowledge for 
daily life of the ninth grade students in Chumporn Province concerned with levels of school 
and sex differences which comprised of 5 topics, namely food, health, safety, energy, and 
natural resource and environmental conservation.  The results indicated that the ability of 
students in using science knowledge in all topics and overall was at the medium level 
except in food topic which shown to be at the high level.  The students who studied in 
different levels of school showed statistically significant difference at the .01 level in ability to 
use science knowledge in all topics and overall except in food topic which was not 
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difference.  Furthermore, the students with different sex showed statistically significant 
difference at the .01 level in ability in using science knowledge for daily life. 
 Champugdee (2002) studied relationship between scientific achievement and 
behavior of using the scientific knowledge in the ninth grade students’ daily life in Lopburi.  
The results showed that the scientific achievement of the ninth grade students was at the 
low level, and the behavior of using the scientific knowledge in the daily life was also at the 
low level.  In addition, the scientific achievement and the behavior of using the scientific 
knowledge in daily life of students had positive relationship with significance at .01 level, the 
correlation was 0.155. 
 Wongtanom (2004) studied and compared awareness and an ability in using 
science and technology knowledge for daily life of the ninth grade students in 
Samutsongkram Province, classified into academic achievement, domicile and schools 
under the different educational departments, and also studied the relationship between 
awareness and ability in using science and technology knowledge for daily life of the 
students.  The results indicated that the students had high level of awareness in using 
science and technology knowledge for daily life.  The students with different academic 
achievement had the statistically significant difference at the .05 level of awareness in using 
science and technology knowledge for daily life.  The students with different domicile and 
schools under the different educational departments had the statistically significant different 
at the .01 level of awareness in using science and technology knowledge for daily life.  The 
students showed the ability in using science and technology knowledge for daily life at the 
medium level.  The students with different academic achievement and school under the 
different educational departments had the statistically significant different at the .01 level of 
the ability in using science and technology knowledge for daily life.  In addition, the 
relationship between the awareness and the ability in using science and technology 
knowledge for daily life of students had the statistically significant different at the .01 level. 
 Sriputon (2001) studied an ability to apply science knowledge in daily life of 
students in the ninth grade in St. Paul de Chartres group.  The results illustrated that the 
students got an average ability score for employment of science knowledge in a daily life 
over half of the total score.  Student in a high accomplishment group in science study had 
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higher average scores of ability to apply science knowledge in a daily life than students in a 
low accomplishment group in science study at the .01 level of significant.  Furthermore, 
student in Mathayomsuksa 3 at school in St. Paul de Chartres group in Bangkok and its 
vicinity had higher average scores of ability to apply of science knowledge in a daily life 
than those who were living outside Bangkok at the .01 level of significant. 
 Tunpiriyakul (2003) studied chemical knowledge-applying ability in daily life of high 
vocation education certificate students under the vocational education college division in 
Bangkok.  The results indicated that higher vocational education certificate students from 
education college division in Bangkok had an ability to apply the chemical knowledge in 
their daily lives at moderate level.  The comparison of students’ average ability in applying 
the chemical knowledge to their daily lives were not different with the confidentiality of 95 
percent, between those two groups of students who were studying in accounting and 
marketing. 
 In summary, the application of knowledge is an important ability for students 
involving the use of concepts not only in a familiar context but also in new problems.  
Students can apply knowledge to the different level depend upon several factors such as 
achievement, sex etc. Students who can apply what they have learned to new situation 
provide evidence that they have an understanding of a concept.  Therefore, teacher not only 
uses appropriate teaching method but also provides students several learning activities to 
enhance students’ learning ability. 
 
The FEACA Model Development 
 From all literature review, the science instructional model was developed to 
promote conceptual understanding, analytical thinking, and application of knowledge.  The 
conceptual framework for developing the model based on five important features of 
contextual approach which consisted of:  
  1.  Students will be engaged with context or real life experience to catch their 
attention 
  2.  Students have the opportunity to do hands-on experience for exploring and 
collecting data. 



51 

  3.  Students develop their conceptual understandings by themselves under the 
facilitating of a teacher. 
  4.  Students share and communicate their ideas with other students.  
  5. Students apply their knowledge they have learned in the class to other 
contexts. 
 The research studies indicated that contextual approach could promote conceptual 
understandings and application of knowledge.  Not only conceptual understandings and 
applications of knowledge but also analytical thinking is an important feature that learners 
need to be improved.  Consequently, it is necessary to include analysis process as the 
additional key component in order to place more emphasize on the development of 
analytical thinking of the learners.  Many educators have described how to develop 
analytical thinking; an outstanding one is defined by Marzano.  From his point of view, 
analysis processes, which are a part of the New Taxonomy, can be divided into five types, 
namely, matching, classifying, error analysis, generalizing and specifying.  Therefore, the 
science instructional model based on five features of contextual approach and Marzano’s 
analysis processes was developed to enhance student’s conceptual understandings, 
analytical thinking and application of knowledge.  This science instructional model or 
FEACA Model consists of five steps of learning: Focusing, Exploring, Analyzing, Conceptual 
Developing, and Applying.   
 Step 1: Focusing  
 The purposes of this step are to catch students’ attention and diagnose their prior 
knowledge by engaging them with real life context.  At this step, the everyday life situation 
will be presented as a starting point in order to recall student’s experiences related to that 
situation and check their prior knowledge about the concept they will learn in the class.  
Teacher stimulates students to think by asking a question related to that situation.  Students 
answer the question and compare similarities and differences of their own answers with their 
friends’ answers as well as organize those answers into meaningful categories.  Students 
communicate what they get by sharing with their peers.  At the end of the step the answers 
will not be verified right or wrong, but it will be the problem for investigated in the next step. 
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 Step 2: Exploring 
 The purpose of this step is to give students opportunity to investigate through 
hands-on and mind-on exploration which built upon the everyday life situation from the first 
step.  At this step, students will be separated into small groups and do experiments or 
activities for exploring the answer of the first step.  Teacher acts as a facilitator helping 
students if they meet any problems and checks whether students obtain all necessary 
information for using in the next step. 
 Step 3: Analyzing 
 The purpose of this step is to give students an opportunity to analyze data and 
construct knowledge by their own under the facilitating of a teacher.  At this step, students 
find the relationship of information from their observation by answering the questions and 
summarizing what they get for constructing their own knowledge.  Students communicate 
their understanding by sharing with the whole class. 
 Step 4: Conceptual Developing 
 The purpose of this step is to construct correct conceptual understanding about 
that topic under the facilitating of a teacher.  At this step, students discuss the conclusion 
from the previous step and re-shape their understanding under facilitating of a teacher.  
Furthermore, students study more about the topic from a document and relate the concept 
they have learned with situation in the first step.  The roles of a teacher are to help students 
to construct scientific conceptual understanding and correct all misconception. 
 Step 5: Applying 
 The purpose of this step is to apply scientific concept to new contexts. At this step, 
students in each group apply conceptual understanding they have learned in the class to 
new contexts or real life situations and share with the whole class and also need to give the 
reason to explain the reasonableness of information.  Students in other groups evaluate 
validity of that application and identify any errors in reasoning that have been presented. 
 Therefore, the FEACA model should help improving scientific conceptual 
understanding and application of knowledge of students. Moreover, this model emphasized 
the development of analysis processes which should enhance analytical thinking of 
students. 



CHAPTER 3 
METHODOLOGY 

 
 This chapter describes the methodology used in this study including, the 
development and evaluation of the science instructional model emphasizing contextual 
approach called FEACA model in order to enhance conceptual understanding, analytical 
thinking and application of knowledge for lower secondary school students. The 
methodology used in this study consists of six phases as follows:  
  Phase 1: Studying Basic Information for Developing Science Instructional Model 
  Phase 2: Developing the FEACA Model 
  Phase 3: Developing the Research Instruments 
  Phase 4: Conducting a Pilot Study 
  Phase 5: Implementing the FEACA Model 
  Phase 6: Evaluating the FEACA Model 
 The framework of research methodology can be seen in FIGURE 8 
 
Phase 1: Studying Basic Information for Developing Science Instructional Model  
 The main purpose of this phase was to study the basic information and problems of 
science teaching and learning in Thailand for designing the draft science instructional 
model.  First, consideration of the basic information concerning the Thailand’s National 
Education Act B.E. 2542 (1999) and Amendments (Second National Education Act B.E. 
2545 (2002)), and the Thai Basic Education Core Curriculum B.E. 2551 (2008) found that the 
main goals of educational policy emphasized the promotion of science conceptual 
understanding, science process skills, thinking ability, as well as scientific attitude to all 
students. 
 Second, the investigation of research and documents about the problems of 
science teaching and learning for the lower secondary school students found that traditional 
instruction could not promote conceptual understanding and analytical thinking of the lower 
secondary school students in Thailand. 
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FIGURE 8 FRAMEWORK OF RESEARCH METHODOLOGY 
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2.  Revising the learning unit and research instruments 

Phase 3:  Developing the 

research instruments 

1.  Learning unit 
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 Third, the consideration of learning theories and science instruction method 
enhances student’s conceptual understanding and analytical thinking. The contextual 
approach integrated with Marzano’s analysis processes has been chosen to be the main 
conceptual framework for the development of science instructional model  
 
Phase 2: Developing the FEACA Model 
 The purpose of this phase was to design the draft science instructional model.  The 
contextual approach and Marzano’s analysis processes were used to be the conceptual 
framework for developing the model.  The model was used to promote students’ conceptual 
understanding, analytical thinking, and application of knowledge. The processes of 
developing the instructional model were as follows: 
 1.  Studying related literatures concerning the learning theories, science instruction 
method, contextual approach, instructional model development, as well as conceptual 
understanding, analytical thinking, and application of knowledge development. 
 2.  Analyzing essential components of the contextual approach from the contextual 
teaching and learning strategies of previous researches (see TABLE 1).  
 3.  Developing the draft of the model based on essential features of contextual 
approach and Marzano’s analysis processes in order to enhance conceptual 
understanding, analytical thinking, and application of knowledge. This model comprised of 
five steps of learning called FEACA Model. 
 4.  Verifying the appropriateness and the consistency of the draft FEACA Model by 
advisors and revising following their comments and suggestions. 
 5.  Examining the efficiency of the draft FEACA Model by five experts. The experts 
considered validity of the FEACA Model by using the Index of Consistency (IOC) and 
suggested some modification of the documents. The results of evaluating the FEACA Model 
are shown in Chapter 4. 
 6.  Revising the FEACA Model based on comments and suggestions of the experts. 
 The final FEACA Model after revising comprised of five steps of learning, namely, 
Focusing, Exploring, Analyzing, Conceptual Developing and Applying.  The details of each 
step were as follows: 
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 Step 1: Focusing  
  The purposes of this step are to catch students’ attention and diagnose their 
prior knowledge by engaging them with real life context.  At this step, the everyday life 
situation will be presented as a starting point in order to recall student’s experiences related 
to that situation and check their prior knowledge about the concept they will learn in the 
class.  Teacher encourages students to think by asking a question related to that situation.  
Students answer the question and compare similarities and differences of their own answers 
with their friends’ answers as well as organize those answers into meaningful categories.  
Students communicate what they get by sharing with their peers.  At the end of the step the 
answers will not be verified right or wrong, but it will be the problem for investigating in the 
next step. 
 Step 2: Exploring 
  The purpose of this step is to give students opportunity to investigate through 
hands-on and mind-on exploration which built upon the everyday life situation from the first 
step.  At this step, students will be separated into small groups and do experiments or 
activities for exploring the answer of the questions developed in first step.  Teacher acts as 
a facilitator helping students if they meet any problems and checks whether students obtain 
all necessary information for using in the next step. 
 Step 3: Analyzing 
  The purpose of this step is to give students an opportunity to analyze data and 
construct knowledge by their own under the facilitating of a teacher.  At this step, the 
students find the relationship of information from their observation by answering the 
questions and summarizing what they get for constructing their own knowledge.  Students 
communicate their understanding by sharing with the whole class. 
 Step 4: Conceptual Developing 
  The purpose of this step is to construct correct conceptual understanding about 
that topic under the facilitating of a teacher. At this step, the students discuss the conclusion 
from the previous step and re-shape their understanding under the facilitating of a teacher.  
Furthermore, students study more about the topic from documents and relate the concepts 
they have learned with the situation in the first step. The roles of the teacher are to help 
students to construct scientific conceptual understanding and correct all misconception. 
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 Step 5: Applying 
  The purpose of this step is to apply scientific concept to new contexts.  At this 
step, the students in each group apply conceptual understanding they have learned in the 
class to new contexts or real life situations and share with the whole class.  The students 
also need to give the reason to explain the reasonableness of the information.  The students 
in other groups then evaluate validity of that application and identify any errors in reasoning 
that have been presented. 
 
Phase 3: Developing Research Instruments 
 Instruments for using in this study were classified into two parts which were 
learning unit and instruments for learning unit evaluation as follows: 
 1 Learning Unit  
 The learning unit was developed according to the five steps of the FEACA Model.  
The documents involving in the learning unit consisted of teacher’s guide and instructional 
plans. The processes of developing of the learning unit were as follows: 
  1.1 Studying and analyzing related documents concerning the Thai National 
Science Curriculum Standards in the Basic Education Core Curriculum B.E. 2551 (A.D. 
2008), strategies for developing learning unit, assessment and evaluation, and research 
instruments development. 
  1.2 Determining contents for using in the learning unit.  This learning unit 
focused on Strand 4: Force and Motion which is one of eight Strands of the Thai National 
Science Curriculum Standards in the Basic Education Core Curriculum B.E. 2551 (A.D. 
2008).  The following were two standards with indicators of each standard for the ninth- 
grade in this Strand (Ministry of Education.  2008: 127-130). 
Standard Sc4.1:    Understanding of the nature of electromagnetic, gravitational and nuclear 

forces; having investigative process for seeking knowledge; and applying 
acquired knowledge for useful and ethical purposes 

Indicators 
 Sc4.1 Gr 9/1 Explain acceleration and effects of resultant forces acting on objects 
 Sc4.1 Gr 9/2 Experiment and explain action and reaction forces between objects, and apply 

the knowledge gained for useful purposes. 
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 Sc4.1 Gr 9/3 Experiment and explain buoyant forces acting on liquid. 
Standard Sc4.2:   Understanding of characteristics and various types of motion of natural objects; 

having investigative process for seeking knowledge and scientific reasoning; 
and communicating acquired knowledge for useful purposes 

Indicators 
 Sc4.2 Gr 9/1 Experiment and explain differences between static, friction and forces, and 

apply the knowledge gained for useful purposes 
 Sc4.2 Gr 9/2 Experiment and explain moment of forces, and apply the knowledge gained for 

useful purposes. 
 Sc4.2 Gr 9/3 Observe and explain motions of objects in a straight line and in curves.  
 

  Therefore, the contents in this learning unit consisted of six topics namely: 1) 
Acceleration, 2) Action and Reaction, 3) Friction, 4) Moment, 5) Buoyant Force, and 6) 
Motion of Objects. 
  1.3 Determining of learning unit components which were title, objectives, 
concepts, materials and equipment, instructional activities, and assessments. 
  1.4 Developing draft of the learning unit consisted of teacher’s guide and 
instructional plans as follows: 
   Teacher’s guide: The teacher’s guide was written in order to provide teacher 
necessary information about the guidelines for using the FEACA Model in classroom as well 
as teacher’s and student’s roles. 
   Instructional plans: The instructional plans were developed based on the 
FEACA Model.  Each instructional plan consisted of Standard, Indicators, Main Concept, 
Learning Objectives, Content, Learning Activities, Learning Materials, Assessment and 
Evaluation, and Student’s worksheets  
  1.5 Verifying the appropriateness and the consistency of the learning unit by 
advisors and revising following their comments and suggestions. 
  1.6 Examining efficiency of the leaning unit by five experts. The Index of 
Consistency (IOC) was used to analyze validity of the leaning unit.  The results of evaluating 
the learning unit are shown in Chapter 4. 
  1.7 Revising the learning unit according to comments and suggestions of the 
experts. 
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TABLE 3 THE SUMMARY OF LEARNING UNIT 
 

Week Instructional Plan Tasks Periods 

1 Introduction and pretest -  Introduction 
-  The conceptual understanding test 
-  The analytical thinking test 

3 

2 Instructional plan 1: Acceleration -  Activity 1.1 “Fast or Slow” 
-  Activity 1.2 “Changing Velocity” 
-  Activity 1.3 “Exercise” 

2 

3 Instructional plan 2: Action and 
Reaction 

-  Activity 2.1 “Moving Chair” 
-  Activity 2.2 “Spring Scale” 
-  Activity 2.3 “Balloon Car” 
-  Activity 2.4 “Exercise” 

3 

4 Instructional plan 3: Friction -  Activity 3.1 “Types of Friction” 
-  Activity 3.2 “Factors effecting Friction” 
-  Activity 3.3 “Exercise” 

3 

5 Instructional plan 4: Moment -  Activity 4.1 “Motion of a Book” 
-  Activity 4.2 “Stability of Lever” 
-  Activity 4.3 “Tools in Dairy Life” 
-  Activity 4.4 “Exercise” 

3 

6 Instructional plan 5: Buoyant 
Force 

-  Activity 5.1 “Buoyant Force” 
-  Activity 5.2 “Sink or Float” 
-  Activity 5.3 “Exercise” 

3 

7 Instructional plan 6: Motion of 
Objects 

-  Activity 6.1 “Motion in Dairy Life” 
-  Activity 6.2 “Motion of Objects” 
-  Activity 6.3 “Exercise” 

2 

8 Posttest -  The conceptual understanding test 
-  The analytical thinking test 
-  The application of knowledge test 
-  The opinion questionnaires toward the 
FEACA Model  

3 

 Total  22 
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 2  Research Instruments for Learning Unit Evaluation 
  The research instruments for collecting data comprised of conceptual 
understanding test, analytical thinking test, application of knowledge test, and students’ 
opinion questionnaires toward the FEACA Model. The processes of developing each 
research tools were as follows: 
  2.1  The Conceptual Understanding Test 
   The conceptual understanding test was used to assess students’ 
understanding the main concepts on “Force and Motion”.  The content areas comprised of 
Acceleration, Action and Reaction, Friction, Moment, Buoyant Force, and Motion of Objects.  
The processes of developing the conceptual understanding test were as follows: 
   2.1.1 Studying the construction of the conceptual understanding test and 
relevant documents.  
   2.1.2 Analyzing contents and constructing the conceptual understanding 
test on “Force and Motion”.  The test composed of 60 items of multiple choice questions, 
each of which had four alternative choices consisted of only one correct answer and three 
possible answers based upon students’ misconceptions about the topics.  Some items were 
adapted from the Force and Motion Conceptual Evaluation (Thornton; & Sokoloff.  1998: 
338-352). 
   2.1.3 Verifying the appropriateness and consistency of the conceptual 
understanding test by advisors and revising following their comments and suggestions. 
   2.1.4 Examining efficiency of the conceptual understanding test by three 
experts.  The Index of Consistency (IOC) was used to analyze content validity of the test.  
After all items have been examined by three experts, 56 items that gained the index value 
more than 0.5 were selected to be used for the next steps (Appendix B.2). 
   2.1.5 Revising the test according to comments and suggestions of the 
experts.   
   2.1.6 Trying out the conceptual understanding test with 150 tenth-grade 
students who had already studied force and motion concept in Nongchangwittaya School.  
The students’ scores were analyzed to gain item difficulty (p) and item discrimination (r) of 
each item. After the test had been tried out, 30 items were selected.  The p value ranked 
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from 0.23 to 0.75 and the r value ranked from 0.21 to 0.63. More details about item difficulty 
and item discrimination are presented in Appendix B.2. 
   2.1.7 Examining the reliability of the test.  The selected items were analyzed 
the reliability by using Kuder-Richardson 20 (KR-20) coefficient.  The reliability of the test 
was 0.78. 
  2.2 The Analytical Thinking Test 
   The analytical thinking test was used to assess students’ analytical thinking 
based on Marzano’s analytical thinking which comprised of matching, classifying, error 
analysis, generalizing, and specifying.  The processes of developing the test were as the 
following steps: 
   2.2.1 Studying the construction of the analytical thinking test according to 
Marzano’s analytical thinking and the relevant documents. 
   2.2.2 Analyzing contents and constructing the analytical thinking test 
following five components of Marzano’s analytical thinking.  The test composed of 50 items 
of multiple choice questions, each of which had four alternative choices and one correct 
answer. 
   2.2.3 Verifying the appropriateness and consistency of the test by advisors 
and revising following their comments and suggestions. 
   2.2.4 Examining efficiency of the analytical thinking test by five experts.  The 
Index of Consistency (IOC) was used to analyze the content validity of the test.  After all 
items have been examined by five experts, 50 items that gained the index value more than 
0.5 were selected to be used for the next steps (Appendix B.3). 
   2.2.5 Revising the analytical thinking test according to comments and 
suggestions of the experts. 
   2.2.6 Trying out the analytical thinking test with 106 ninth-grade students 
from Nongchangwittaya School.  The students’ scores were analyzed to gain item difficulty 
(p) and item discrimination (r) of each item.  After the test had been tried out, 25 items were 
selected.  The p value ranked from 0.25 to 0.73 and the r value ranked from 0.22 to 0.70. 
More details about item difficulty and item discrimination are presented in Appendix B.3. 
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   2.2.7 Examining the reliability of the test.  The selected items were analyzed 
the reliability by using Kuder-Richardson 20 (KR-20) coefficient.  The finding showed that 
the reliability of the analytical thinking test was 0.79. 
  2.3 The Application of Knowledge Test 
   The application of knowledge test was used to assess students’ application 
of knowledge in the main concepts on “Force and Motion” which were Acceleration, Action 
and Reaction, Friction, Moment Buoyant Force, and Motion of Objects.  The processes of 
developing the test were as follows: 
   2.3.1 Studying the construction of the application of knowledge test and the 
relevant documents.  
   2.3.2 Analyzing contents as well as constructing the application of 
knowledge test and scoring rubrics of the test.  The test contained 18 items of open-ended 
questions. 
   2.3.3 Verifying the appropriateness and consistency of the application of 
knowledge test by advisors and revising following their comments and suggestions. 
   2.3.4 Examining efficiency of the application of knowledge test by three 
experts and revising the test according to comments and suggestions of the experts.  The 
Index of Consistency (IOC) was used to analyze content validity of the test. Each of the 
experts evaluated all of items and suggested some modification.  After all items had been 
examined by the three experts, 18 items that gained the index value more than 0.5 were 
selected to be used for the next steps (Appendix B.4). 
   2.3.5 Revising the application of knowledge test according to comments 
and suggestions of the experts.   
   2.3.6 Trying out the application of knowledge test with 106 ninth-grade 
students in Nongchangwittaya School.   
   2.3.7 Analyzing the item difficulty (p) and item discrimination (r) of each 
item.  The students’ application of knowledge scores were analyzed to gain item difficulty 
(p) and item discrimination (r) of each item.  After the test had been tried out, 12 items were 
selected.  The p value ranked from 0.28 to 0.77 and the r value ranked from 0.26 to 0.69. 
More details about item difficulty and item discrimination are presented in Appendix B.4. 
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   2.3.8 Examining the reliability of the test.  The selected items were analyzed 
the reliability by using the Alpha Coefficient of Cronbach.  The finding showed that the 
reliability of the test was 0.76. 
  2.4  The Opinions Questionnaire toward the FEACA Model 
  The opinions questionnaire toward the FEACA Model was used to collect data 
regarding the students’ opinions toward the FEACA Model.  The processes of developing 
this questionnaire were as follows: 
   2.4.1 Studying the construction of opinions questionnaire and relevant 
documents.  
   2.4.2 Constructing the opinions questionnaire toward the FEACA Model 
consisting of two parts.  The first part comprised of 20 items of the five-point rating Likert 
Scale consisting of positive items and negative items (see TABLE 4).  The second part was 
an open-ended question asking about students’ opinions toward the science FEACA Model. 
 
TABLE 4 POINT VALUES FOR POSITIVE ITEMS AND NEGATIVE ITEMS 
 

Interpretation Positive Items Negative Items 
Very high level 5 1 

High level 4 2 
Modulation 3 3 
Low level 2 4 

Very low level 1 5 

 
   2.4.3 Verifying the appropriateness and the consistency of the students’ 
opinions questionnaire toward the FEACA Model by advisors and revising following their 
comments and suggestions. 
   2.4.4 Examining efficiency of the students’ opinions questionnaire toward the 
FEACA Model by five experts and revising the test according to the comments and 
suggestions of the experts.  The Index of Consistency (IOC) was used to analyze content 
validity of the test.  Each of the experts evaluated all of items and suggested some 
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modification.  After all items have been examined by the three experts, 20 items that gained 
the index value more than 0.5 were selected to be used for the next steps (Appendix B.5). 
   2.4.5 Revising the students’ opinions questionnaire toward the FEACA 
Model according to comments and suggestions of the experts. 
   2.4.6 Trying out the students’ opinions questionnaire toward the FEACA 
Model with 34 ninth-grade students in Kanchanapisekwithayalai Uthaithani School who 
received teaching by the researcher while conducting the pilot study. 
   2.4.7 Analyzing the item discrimination (r) of each item. The students’ 
opinions questionnaire toward the FEACA Model scores was analyzed to gain item 
discrimination (r) of each item.  After the test has been tried out, 20 items were selected.  
The r value ranked from 0.25 to 0.66. More details about item discrimination were presented 
in Appendix B.5. 
   2.4.8 Examining the reliability of the test.  The selected items were analyzed 
the reliability by using the Alpha Coefficient of Cronbach.  The finding showed that the 
reliability of the test was 0.84. 
 
Phase 4: Conducting a pilot study 
 The efficiency of the FEACA Model and assessment tools were examined by 
conducting a pilot study.  The purpose of this phase was to check congruence of the 
learning unit to see if all components were well fit together.  This process checked out all 
research instruments, and research procedures.  This stage helped researcher to reveal the 
problems that might happen during implementing the final draft. In this step, learning unit 
was used with one classroom of the ninth-grade students in Kanchanapisekwithayalai 
Uthaithani School.  The one group pretest-posttest design was used for conducting a pilot 
study.  The FEACA Model was served as the independent variable, while the results of 
students’ conceptual understanding, analytical thinking, application of knowledge, and 
opinions toward the FEACA Model were served as the dependent variables (see TABLE 5).  
The results of conducting a pilot study are shown in Chapter 4. 
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TABLE 5 THE ONE GROUP PRETEST-POSTTEST DESIGN 
 

Pretest treatment Posttest 

T1 X T2 

 

 The symbols indicate as follows: 
  T1 is pretest  
  X is teaching by using the FEACA model 
  T2 is posttest 
 

Phase 5: Implementing the FEACA Model 
 This study was a quasi-experimental research, Non-equivalent Control Group 
Pretest-posttest Design.  The teaching with the FEACA Model was used as the experimental 
group, and the teaching with the tradition instruction was used as the control group and 
both groups were served as independent variables.  The results of students’ conceptual 
understanding, analytical thinking, application of knowledge, and opinions toward the 
FEACA Model were served as the dependent variables (see TABLE 6).  
 

TABLE 6 THE PRETEST-POSTTEST NON-EQUIVALENT CONTROL GROUP DESIGN 
 

 Pretest treatment Posttest 

E T1 X T2 

C T1 ~X T2 

 

 The symbols indicate as follows: 
  E is experimental group 
  C is control group 
  T1 is pretest  
  X is teaching by using the FEACA model 
  ~X is teaching by using the traditional instruction 
  T2 is posttest 
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 The science instructional model emphasizing contextual approach was applied to a 
real classroom following these steps; 
 1.  Selecting Participants 
 The students participating during implementation were two classrooms of the ninth- 
grade students who were mixed ability.  They were studying in the first semester of 2011 
academic year of Nongkhayangwittaya School in Uthaithani province, Thailand.  This school 
was selected by purposive sampling from schools where the executive agrees to use the 
learning unit and used the Basic Education Core Curriculum B.E. 2551 (A.D. 2008) for the 
ninth-grade students.  There are only some schools using this curriculum for the ninth-grade 
students, and all schools will use this curriculum in the first semester of 2012. 
 The conceptual understanding test and the analytical thinking test were 
administered with four classrooms of the ninth-grade in Nongkhayangwittaya School.  Mean 
 X  and Standard deviation (S.D) of the pretest conceptual understanding scores and the 
pretest analytical thinking scores of four classrooms were analyzed one-way analysis of 
variance (One-way ANOVA) by using the F-test and found that there were no statistically 
significant difference between each other, both the conceptual understanding and the 
analytical thinking.  The four classrooms were separated into two groups depended on the 
number of students, group 1: Gr. 9/1 and Gr. 9/2 and group 2: Gr. 9/3 and Gr. 9/4.  The 
second group was selected by using simple random sampling.  At last, the Gr. 9/4 was 
selected as the experimental group and the Gr. 9/3 was selected as the control group by 
using simple random sampling. 
 2.  Implementing 
 After the participants were selected and separated into two groups, the treatments 
were applied in each group as follows: 
  2.1 The learning unit developed based on the FEACA Model was applied to the 
Gr. 9/4 students whereas the traditional instruction was applied to the Gr. 9/3 students for 8 
weeks. 
  2.2 The conceptual understanding test, the analytical thinking test, and the 
application of knowledge test were applied to the students in both groups after the 
implementation. 
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  2.3 The opinions questionnaire toward the FEACA Model was applied to the Gr. 
9/4 students after using the FEACA Model. 
 The procedure and research instruments in this step are presented in FIGURE 9. 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 9 RESEARCH INSTRUMENTS USED IN EACH PERIOD OF THE STUDY 
 
Phase 6: Evaluating the FEACA Model 
 In this section, the effectiveness of the FEACA Model was determined by examining 
conceptual understanding, analytical thinking, application of knowledge, and students’ 
opinions toward the FEACA Model.  The results are shown in Chapter 4. 
 1.  Data Analysis 
 The purpose of this phase was to assess the effectiveness of the FEACA Model 
after implementation.  The collected data were analyzed for verifying the effectiveness of the 
FEACA Model by answering six hypotheses as follows:  
  6.1 Students’ conceptual understanding posttest mean scores of the 
experimental group were higher than the pretest mean scores with a statistically significant 
difference. 

Data Collection Period Research Instruments 

-  The conceptual understanding test 
-  The analytical thinking test 
-  The application of knowledge test 
-  The opinion questionnaire toward 
the FEACA model 

-  The conceptual understanding test 
-  The analytical thinking test 

Before Instruction 

-  Teaching using learning unit 
based on the FEACA Model for 
experimental group  
-  Teaching using the traditional 
instruction for control group 

After Instruction 
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  6.2 Students’ conceptual understanding posttest mean scores of the 
experimental group are higher than that of the control group with a statistically significant 
difference. 
  6.3 Students’ analytical thinking posttest mean scores of the experimental group 
are higher than the pretest mean scores with a statistically significant difference. 
  6.4 Students’ analytical thinking posttest mean scores of the experimental group 
are higher than that of the control group with a statistically significant difference. 
  6.5 Students’ application of knowledge posttest mean scores of the 
experimental group are higher than that of the control group with a statistically significant 
difference. 
  6.6 Students’ opinions scores toward the FEACA Model of the experimental 
group after implementation are at high level of performance. 

 2. Statistics 
 The quantitative data was analyzed by statistical methods. The statistics using in 
this study were as follows: 
  2.1  Basic statistics 
  The basic statistics used in this study were as follows: 
   2.1.1 Mean 
   The mean was used to evaluated 
 

N
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X
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      X   is Mean 
       X  is the summation of the total scores 
      N  is the number of students 
 
   2.1.2 Standard Deviation 
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      ..DS  is Stand Deviation 
       2X  is The total scores of each student  
       2 X is The total scores  
      N  is The number of students 
 
  2.2  Statistics for Evaluating the Learning Unit 
  The developed materials in this study were analyzed as follows:  
   2.2.1 The Index of Consistency (IOC) 
   The IOC was used to evaluate the congruence of draft FEACA Model, 
learning unit, conceptual understanding test, analytical thinking test, application of 
knowledge test, and opinions questionnaire toward the FEACA Model. Each response from 
the questionnaire of three level rating scales was weighed by the experts as follows: 
 
    The consistency level  Scale value (points) 
     Consistent      +1 
     Unsure      0 
     Inconsistent     -1 
 
   The data of IOC evaluation form were analyzed to find the Index of 
Consistency (IOC) using the following formula: 
 

N

R
IOC


  

 
      IOC is the Index of Consistency 
      R  is the summation of experts’ opinion marks 
      N  is the number of experts 
 Note  0.75 – 1.00  = strongly congruence 
    0.50 – 0.75  = congruence 
    Less than 0.50 = have to modify 
 



70 

   2.2.2 The Item Difficulty (p) 
   Analyzing the item difficulty (p) of the conceptual understanding test, the 
analytical thinking test and the application of knowledge test were used the formula as 
follows: 

N

R
p   

 
      p is the item difficulty 
      R is the number of students answering the item correctly 
      N is the total number of students answering the test 
 
   2.2.3 The Item Discrimination (r) 
   Analyzing the test item of discrimination (r) of the conceptual understanding 
test and the analytical thinking test were computed by using the formula as follows: 
 

 
N

RR
r LU 
  

 
      r is the item discrimination 
      

UR  is the number of students in the top group that got  
        the item correct 
      

LR  is the number of students in the bottom group that got  
        the item correct 
      N is the number of students in the top group or the bottom  
        Group 
 
   2.2.4 The Reliability of the Research Instruments 
    2.2.4.1 The reliability of the conceptual understanding test and the 
analytical thinking test were computed by using the Kuder and Richardson formula 20: KR-
20 as shown below:  


















2

1
1

t

tt
s

pq

k

k
r  



71 

total of right item 

total of students 

      
ttr  is the reliability of the test 

      k  is the number of items in the tests 
      p is the ratio of right answer in each item =  
      q is the ratio of wrong in each item = 1 – p 
      2

ts  is the variance of whole tests 
    2.2.4.2 The reliability of the application of knowledge test and the 
opinions questionnaire toward the FEACA Model were computed by using the Cronbach’s 
coefficient alpha.  The formula was shown below: 
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        is the reliability of the test 
      k is the number of items in the test 
      2

is  is the variance of each item 
      2

ts  is the variance of whole test 
 
  2.3 Statistics for Testing Research Hypotheses 
   3.1 The dependent sample t-test was applied to compare pretest and 
posttest mean scores of the students’ conceptual understanding and analytical thinking in 
experimental group for testing the first and the third hypotheses. 
   3.2 The independent sample t-test was applied to compare posttest mean 
scores of the students’ conceptual understanding, analytical thinking and application of 
knowledge between the experimental group and the control group for testing the second, 
the fourth, and the fifth hypotheses. 
   3.3 The basic statistic was applied to analyze mean scores of the students’ 
opinions toward the FEACA Model of the experimental group. The mean score of the 
students’ opinions toward the FEACA Model was evaluated comparing to the criteria score. 
The five category scores were as follows: 
    The mean score 4.51-5.00 interpreted as a very high level of agreement. 
    The mean score 3.51-4.50 interpreted as a high level of agreement. 
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    The mean score 2.51-3.50 interpreted as a modulate level of agreement. 
    The mean score 1.51-2.50 interpreted as a low level of agreement. 
    The mean score 1.00-1.50 interpreted as a very low level of agreement. 



CHAPTER 4 
FINDINGS 

 
 This chapter presents the results of the study on the development of the science 
instructional model and also the implementation of this model on students’ conceptual 
understanding, analytical thinking, application of knowledge, and opinions toward the 
science instructional model.  The finding of the study included three main sections as 
follows: 1) the results of the science instructional model development, 2) the results of a pilot 
study, and 3) the results of the science instructional model implementation.  
 
The Results of the Science Instructional Model Development 
 The draft science instructional model was classified into two main parts as follows: 
1) the FEACA model and 2) the learning unit  
 1.  The FEACA Model  
  The FEACA model was developed based on the key features of contextual 
approach and analysis processes of Marzano which consisted of five steps of learning, 
namely, Focusing, Exploring, Analyzing, Conceptual Developing, and Applying.  
 The draft FEACA model was evaluated by advisors and five experts to check the 
validity of the model. After gathering the data, the FEACA Model evaluation forms were 
analyzed Item of Consistency (IOC).  The results of experts’ consideration are shown in 
TABLE 7. 
  The results have shown that IOC of almost all items were more than 0.75 which 
meant the items were strongly congruence, and only one item was 0.60 which meant 
congruence.  In conclusion, there was consistency in every aspect of the FEACA Model.  
These meant the FEACA Model was appropriate to be the science instructional model for 
using in the science classroom. 
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TABLE 7 THE RESULTS OF EVALUATION VALIDITY OF THE FEACA MODEL 
 

Lists of Evaluation 
N = 5 

IOC Interpretation 
E1 E2 E3 E4 E5 

1.  The goals of learning management consistent 
with problems and importance. 

1 1 0 0 1 0.60 Congruence 

2.  The goals of learning management consistent 
with the FEACA Model. 

1 1 1 1 1 1.00 
Strongly 

congruence 

3.  The FEACA Model consistent with basic idea. 1 1 1 1 1 1.00 
Strongly 

congruence 

4.  Learning steps in the FEACA Model consistent 
with science instructional management. 

1 1 0 1 1 0.80 
Strongly 

congruence 

5.  Each step of the FEACA Model has 
consistency. 

1 1 1 1 1 1.00 
Strongly 

congruence 

6.  Activities in Focusing step were appropriate. 1 1 1 1 1 1.00 
Strongly 

congruence 

7.  Activities in Exploring step were appropriate. 1 1 1 1 1 1.00 
Strongly 

congruence 

8.  Activities in Analyzing step were appropriate. 1 1 1 1 1 1.00 
Strongly 

congruence 

9.  Activities in Conceptual Developing step were 
appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

10.  Activities in Applying step were appropriate. 1 1 1 1 1 1.00 
Strongly 

congruence 

11.  The FEACA Model was appropriate for 
content of learning unit. 

1 1 1 1 1 1.00 
Strongly 

congruence 

12.  The FEACA Model was appropriate for using. 1 1 1 1 1 1.00 
Strongly 

congruence 

 
 Suggestions from the experts 
 In addition to the evaluation shown above, the experts also gave suggestions for 
the model improvement as follows: 
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  1. The goals of the FEACA Model lacked of the development of scientific 
attitude that was mentioned in the basic core curriculum. 
  2. The evaluation method should be clearly mentioned in each step of the 
FEACA Model. 
  3. Teacher’s role and student’s role in each step should be clearly stated for the 
benefit of the model using in the classroom. 
 2.  The Learning Unit 
  The draft learning unit was developed according to the FEACA model consisted 
of teacher’s guide and instructional plans. 
  The draft instructional plans were evaluated by five experts to check the validity 
of the instructional plans.  After gathering the data, the instructional plans evaluation forms 
were analyzed Index of Consistency (IOC).  The results of the Index of Consistency (IOC) 
from evaluating the congruence of the instructional plans components are presented in 
TABLE 8.  More detail of each instructional plan is shown in APPENDIX B.2. 
  The results have shown that IOC of many instructional plans were more than 
0.75 which meant the items were strongly congruence, and only some item was 0.60 which 
meant congruence.  In conclusion, there was consistency in every aspect of the learning 
unit.  This meant the learning unit was appropriate for using in the science classroom. 
 Suggestions from the experts 
 1.  The goals of learning did not cover the learning indicators in some instructional 
plans. 
 2.  In the goals of learning, the experiment should be separated from summary and 
the explanation should be used instead of the summary.  For the goals of experiment, it 
should clearly state what students have to do such as designing the experiment or doing the 
experiment. 
 3.  Instructional plan 1 press more emphasize on calculation in students’ worksheet. 
 4.  Indicator for using in evaluation part should be experimental report. 
 5.  In some instructional plan, the conclusion of the experiment could not lead to 
the conceptual understanding development. 
 6.  The analyzing step should add more discussion. 
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TABLE 8 THE LESSON PLANS CONGRUENCE EVALUATION 
 

List of evaluation 
IOC of Instructional Plans 

E1 E2 E3 E4 E5 E6 

1.  The learning goals consistent with indicators and 
the purposes of the science instructional model. 

0.60 0.80 0.60 0.60 0.60 0.80 

2.  Learning activities consistent with the science 
instructional model. 

1.00 1.00 1.00 1.00 1.00 1.00 

3.  Learning activities in Focusing step were 
appropriate. 

1.00 1.00 1.00 1.00 1.00 1.00 

4.  Learning activities in Exploring step were 
appropriate. 

1.00 1.00 1.00 1.00 1.00 0.80 

5.  Learning activities in Analyzing step were 
appropriate. 

1.00 1.00 0.80 1.00 1.00 1.00 

6.  Learning activities in Conceptual Developing step 
were appropriate. 

1.00 1.00 0.80 1.00 1.00 0.80 

7.  Learning activities in Applying step were 
appropriate. 

1.00 1.00 0.80 1.00 1.00 1.00 

8.  Instructional materials were appropriate for 
learning activities. 

1.00 1.00 1.00 1.00 1.00 1.00 

9.  Assessment and evaluation consistent with the 
learning goals. 

1.00 0.80 0.80 0.80 0.80 1.00 

10.  Contents were appropriate for learners. 1.00 1.00 1.00 1.00 1.00 1.00 

11.  Content was correct. 1.00 1.00 1.00 1.00 1.00 1.00 

12.  Time allocation in learning unit was appropriate 
for contents. 

1.00 0.80 1.00 1.00 1.00 1.00 
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The Results of a Pilot Study 
 Regarding to the experts’ comments and suggestions, the draft learning unit was 
revised and then applied to the classroom in order to obtain the feedback from the students 
as well as some information that was useful for the next revision after a pilot study 
 A pilot study was conducted within 8 weeks, three learning periods a week, during 
June 2011 through August 2011 in the first semester of the 2011 academic year with one 
classroom of ninth-grade students at Kanchanapisekwithayalai Uthaithani School, Uthaithani 
province, Thailand.  The learning unit based on the FEACA Model was applied to students 
for checking appropriateness of time arrangement, and instructional processes.  The details 
were shown as follows: 
 1.  Time Arrangement 
 Time arrangement for each instructional plan was revised as shown in TABLE 9 
 
TABLE 9 THE REVISION OF THE TIME USED IN THE INSTRUCTIONAL PLANS 
 

Week Instructional Plan 
Number of period used 

The 1st draft Revised one 

1 Introduction and pretest 3 2 
2 Instructional plan 1: Acceleration 2 2 

3 
Instructional plan 2: Action and 
Reaction 

3 3 

4 Instructional plan 3: Friction 3 3 
5 Instructional plan 4: Moment 3 3 
6 Instructional plan 5: Buoyant Force 3 3 
7 Instructional plan 6: Motion of Objects 2 2 
8 Posttest 3 3 
 Total 22 21 
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 2.  Instructional Process 
 According to the culture of Thai students, it was quite difficult to stimulate students’ 
participating in the activities because they were quiet students.  Therefore, in each step of 
instruction, the instructors have to ask more questions and identify which students have to 
answer the question. 
 3.  Results of Using the Learning Unit 
  After applying the learning unit, the results of evaluating the learning unit on a 
pilot study on students’ conceptual understanding, analytical thinking, application of 
knowledge, and opinions toward the FEACA Model were as follows: 
  3.1 Conceptual Understanding 
   After applying the FEACA Model on the pilot study, the pretest and posttest 
scores of students’ conceptual understanding were collected and analyzed.  The results of 
the comparison of the pretest and posttest mean scores of students’ conceptual 
understanding are shown in TABLE 10. 
 
TABLE 10 THE RESULTS OF STUDENTS’ CONCEPTUAL UNDERSTANDING IN THE PILOT  
       STUDY 
 

Score N Mean S.D. 
Mean of 

Difference 
t p 

Pretest 34 7.585 2.991 
4.024 8.462* .000 

Posttest 34 11.610 4.080 

 
t (.05; df 33)  =  2.034 

 
 The results of the dependent samples t-test have shown that the students’ 
conceptual understanding posttest mean scores were higher than the pretest mean scores 
with a statistically significant difference at .05 level.  The finding from analyzing data implied 
that the FEACA Model was effective to enhance students’ conceptual understanding on 
force and motion concept. 
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  3.2 Analytical Thinking 
   After applying the FEACA Model on the pilot study, the pretest and posttest 
scores of students’ analytical thinking were collected and analyzed. The results of the 
comparison of the pretest and posttest mean scores of students’ analytical thinking are 
shown in TABLE 11. 
 
TABLE 11 THE RESULTS OF STUDENTS’ ANALYTICAL THINKING IN THE PILOT STUDY 
 

Score N Mean S.D. 
Mean of 

Difference 
t p 

Pretest 34 9.415 4.995 
3.024 7.524* .000 

Posttest 34 12.439 4.129 

 
t (.05; df 33)  =  2.034 

 
   The results of the dependent samples t-test have shown that students’ 
analytical thinking posttest mean scores were higher than the pretest mean scores with a 
statistically significant difference at .05 level.  The finding from analyzing data implied that 
the FEACA Model was effective to enhance students’ analytical thinking. 
  3.3 Opinions toward the FEACA Model 
   After applying the FEACA Model on the pilot study, the students’ opinions 
toward the FEACA Model scores after learning were collected and analyzed.  The results of 
students’ opinions toward the FEACA Model are shown in TABLE 12. 
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TABLE 12 THE RESULTS OF STUDENTS’ OPINIONS TOWARD THE FEACA MODEL IN  
       THE PILOT SUTDY 
 

Lists of Evaluation Mean S.D. Interpretation 

1.  Learning by using situation in daily life help students 
understand more about science content. 

4.18 0.66 High 

2.  Learning by using situation in daily life make students 
seen that science is easy. 

3.65 0.77 High 

3.  Learning by using situation in daily life make students 
seen that science is around us. 

4.00 0.95 High 

4.  Learning by using situation in daily life make students 
feel bored because they have already known about that. 

3.35 1.10 Modulate 

5.  Learning by using situation in daily life make students 
more interested in science. 

4.12 0.84 High 

6. Learning by using situation in daily life make students 
want to learn more about science. 

4.06 0.81 High 

7.  Learning activities make students feel uncomfortable 
when they were asked questions. 

3.11 1.20 Modulate 

8.  Learning activities help student to compare the 
similarity and the difference of things. 

3.82 0.97 High 

9.  Learning activities help students to classify by using 
appropriate criteria. 

3.85 0.88 High 

10.  Learning activities help students to analyze correct 
or wrong data. 

3.74 0.83 High 

11.  Learning activities help students to conclude the 
experiment from collecting data. 

4.03 0.87 High 

12.  Learning activities help student to apply the 
knowledge. 

4.03 0.67 High 

13.  Learning activities help students to using the 
knowledge in daily life. 

4.15 0.74 High 
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TABLE 12 (continued) 
 

Lists of Evaluation Mean S.D. Interpretation 

14.  Instructional activities consistent with dairy life. 4.03 0.90 High 

15.  Students feel uncomfortable when presenting the 
work in front of the class. 

2.94 1.25 Modulate 

16.  Students have opportunity to share their ideas. 4.00 0.85 High 

17.  Learning activities are variety and interesting. 4.21 0.81 High 

18.  While learning, students would like the class to 
finish. 

3.12 1.07 Modulate 

19.  Students feel happy when learning science 4.12 0.88 High 

20.  Students are bored when doing the science 
experiment 

3.62 1.48 High 

 
 From the analyzing data, it was found that the students’ opinions toward the FEACA 
Model were at the high level of agreement.  Some item was at the modulate level of 
agreement. 
 After conducting the pilot study, the learning unit was revised according to the 
problems found in the classroom. The advisors verified the revisions before using in 
implementation phase. 
 
The Results of the FEACA Model Implementation 
 The implementation was conducted within 8 weeks, three learning periods a week, 
during August 2011 through September 2011 in the first semester of the 2011 academic 
year with two classrooms of the ninth-grade students at Nongkhayangwittaya School, 
Uthaithani Province, Thailand.  One classroom was served as an experimental group taught 
with the FEACA Model, and the other was served as a control group taught with the 
traditional instruction.  The conceptual understanding, analytical thinking, application of 
knowledge, and opinions toward the FEACA Model were collected by using the following 
instruments: the conceptual understanding test, the analytical thinking test, the application 
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of knowledge test, and the opinions questionnaire toward the FEACA Model.  The results 
from analyzing the quantitative data were used to test the following research hypotheses: 
 2.1 Testing the First Hypothesis 
 The first hypothesis stated that students’ conceptual understanding posttest mean 
scores of the experimental group are higher than the pretest mean scores with a statistically 
significant difference. 
 The results of the comparison of students’ conceptual understanding mean scores 
before and after the implementation of the experimental group are shown in TABLE 13. 
 
TABLE 13 THE COMPARISONS OF THE PRETEST AND POSTTEST MEAN SCORES ON  
       STUDENTS’ CONCEPTUAL UNDERSTANDING OF EXPERIMENTAL GROUP 
 

Score N Mean S.D. 
Mean of 

Difference 
t p 

Pretest 29 7.379 2.441 
6.138 4.600** 0.000 

Posttest 29 13.517 4.380 

 
t (.01; df 28)  =  1.701 

 
 The results of the dependent samples t-test indicated that the students’ conceptual 
understanding posttest mean scores were higher than the pretest mean scores with a 
statistically significant difference at .01 level which were consistent with the first hypothesis.  
The finding from analyzing data implied that the FEACA Model was effective to enhance 
students’ conceptual understanding on force and motion concept. 
 2.2  Testing the Second Hypothesis 
 The comparison of conceptual understanding posttest mean scores of the 
experimental group and the control group was examined to test the second hypothesis.  The 
second hypothesis stated that students’ conceptual understanding posttest mean scores of 
the experimental group are higher than that of the control group with a statistically 
significant difference.  The results of testing the second hypothesis are shown in TABLE 14. 
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TABLE 14 THE COMPARISONS OF THE POSTTEST MEAN SCORES ON STUDENTS’  
       CONCEPTUAL UNDERSTANDING BETWEEN EXPERIMENTAL GROUP AND CONTROL  
       GROUP 
 

Score N Mean S.D. 
Mean of 

Difference 
t p 

Experimental group 29 13.517 4.380 
3.828 2.121** 0.000 

Control group 29 9.690 2.106 

 
t (.01; df 28)  =  1.701 

 
 The results of the independent sample t-test illustrated that students’ conceptual 
understanding posttest mean scores of the experimental group were higher than that of the 
control group with a statistically significant difference at .01 level which were consistent with 
the second hypothesis.  The finding from the analyzed data implied that the FEACA Model 
was effective to enhance students’ conceptual understanding on force and motion concept 
better than the traditional instruction. 
 2.3 Testing the Third Hypothesis 
 The comparison of analytical thinking before and after the implementation of the 
FEACA Model was examined to test the third hypothesis.  The third hypothesis stated that 
students’ analytical thinking posttest mean scores of the experimental group are higher than 
the pretest mean scores with a statistically significant difference. 
 The results of the comparison of students’ conceptual understanding mean scores 
before and after the implementation of the experimental group are shown in TABLE 15 
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TABLE 15 THE COMPARISONS OF THE PRETEST AND POSTTEST MEAN SCORES ON  
       STUDENTS’ ANALYTICAL THINKING OF EXPERIMENTAL GROUP 
 

Score N Mean S.D. 
Mean of 

Difference 
t p 

Pretest  29 10.138 3.125 
3.103 3.254** 0.000 

Posttest 29 13.241 4.172 
 

t (.01; df 28)  =  1.701 
 

 The results of the dependent samples t-test indicated that students’ analytical 
thinking posttest mean scores were higher than the pretest mean scores with a statistically 
significant difference at .01 level which were consistent with the third hypothesis.  The 
finding from the analyzed data implied that the FEACA Model was effective to enhance 
students’ analytical thinking for the lower secondary school students. 
 2.4 Testing the Fourth Hypothesis 
 The comparison of the analytical thinking posttest mean scores of the experimental 
group and the control group was examined to test the fourth hypothesis.  The fourth 
hypothesis stated that students’ analytical thinking posttest mean scores of the experimental 
group are higher than that of the control group with a statistically significant difference. 
 The results of comparison of students’ analytical thinking posttest mean scores 
between the experimental group and the control group are shown in TABLE 16 
 

TABLE 16 THE COMPARISONS OF THE POSTTEST MEAN SCORES ON STUDENTS’  
       ANALYTICAL THINKING BETWEEN EXPERIMENTAL GROUP AND CONTROL GROUP 
 

Score N Mean S.D. 
Mean of 

Difference 
t p 

Experimental group 29 13.241 4.172 
2.448 2.454* 0.000 

Control group 29 10.793 3.385 
 

t (.05; df 28)  =  2.048 
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 The results of the independent sample t-test indicated that the students’ analytical 
thinking posttest mean scores of experimental group were higher than that of the control 
group with a statistically significant difference at .05 level which were consistent with the 
fourth hypothesis.  The finding from the analyzed data implied that the FEACA Model was 
effective to enhance students’ analytical thinking better than the traditional instruction. 
 2.5 Testing the Fifth Hypothesis 
 The comparison of the application of knowledge posttest mean scores of the 
experimental group and the control group was examined to test the fifth hypothesis.  The 
fifth hypothesis stated that students’ application of knowledge posttest mean scores of the 
experimental group is higher than that of the control group with a statistically significant 
difference. 
 The results of the comparison of students’ application of knowledge posttest mean 
scores between the experimental group and the control group are shown in TABLE 17 
 
TABLE 17 THE COMPARISONS OF THE POSTTEST MEAN SCORES ON STUDENTS’  
       APPLICATION OF KNOWLEDGE BETWEEN EXPERIMENTAL GROUP AND GONTROL  
       GROUP 
  

Score N Mean S.D. 
Mean of 

Difference 
t p 

Experimental group 29 11.00 5.568 
2.759 2.293* 0.000 

Control group 29 8.241 3.313 

 
t (.05; df 28)  =  2.048 

 
 The results of the independent sample t-test illustrated that the students’ 
application of knowledge posttest mean scores of the experimental group were higher than 
that of the control group with a statistically significant difference at .05 level which were 
consistent with the fifth hypothesis.  The finding from the analyzed data implied that the 
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FEACA Model was effective to enhance students’ application of knowledge better than the 
traditional instruction. 
 2.6 Testing the Sixth Hypothesis 
 The investigation of students’ opinions toward the FEACA Model after the 
implementing was examined to test the sixth hypothesis.  The sixth hypothesis stated that 
students’ opinions scores toward the FEACA Model of the experimental group after 
implementation are at high level of performance. 
 The results of students’ opinions toward the FEACA Model are shown in TABLE 18 
 
TABLE 18 THE RESULTS OF STUDENTS’ OPINIONS TOWARD THE FEACA MODEL 
 

Lists of Evaluation Mean S.D. Interpretation 

1.  Learning by using situation in daily life help students 
understand more about science content. 

4.55 0.63 Very high 

2.  Learning by using situation in daily life make students 
seen that science is easy. 

4.21 0.71 High 

3.  Learning by using situation in daily life make students 
seen that science is around us. 

4.55 0.63 Very high 

4.  Learning by using situation in daily life make students 
feel bored because they have already known about that. 

3.79 1.32 High 

5.  Learning by using situation in daily life make students 
more interested in science. 

4.38 0.68 High 

6. Learning by using situation in daily life make students 
want to learn more about science. 

4.48 0.74 High 

7.  Learning activities make students feel uncomfortable 
when they were asked questions. 

3.90 0.93 High 

8.  Learning activities help student to compare the 
similarity and the difference of things. 

4.34 0.67 High 

9.  Learning activities help students to classify by using 
appropriate criteria. 

4.24 0.69 High 
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TABLE 18 (continued) 

Lists of Evaluation Mean S.D. Interpretation 

10.  Learning activities help students to analyze correct 
or wrong data. 

4.07 0.84 High 

11.  Learning activities help students to conclude the 
experiment from collecting data. 

4.41 0.68 High 

12.  Learning activities help student to apply the 
knowledge. 

4.41 0.68 High 

13.  Learning activities help students to using the 
knowledge in daily life. 

4.55 0.51 Very high 

14.  Instructional activities consistent with daily life. 4.31 0.76 High 

15.  Students feel uncomfortable when presenting the 
work in front of the class. 

3.69 1.31 High 

16.  Students have opportunity to share their ideas. 4.28 0.65 High 

17.  Learning activities are variety and interesting. 4.55 0.74 Very high 

18.  While learning, students would like the class to 
finish. 

3.72 1.44 High 

19.  Students feel happy when learning science 4.66 0.55 Very high 

20.  Students are bored when doing the science 
experiment 

4.38 1.26 High 

 
 From the analyzing, it was found that the students’ opinions toward the FEACA 
Model were at the high level of agreement.  Some item was at the very high level of 
agreement. 
 All the results indicated that the FEACA Model developed by research was effective 
to promote students’ conceptual understanding, analytical thinking, and application of 
knowledge better than the traditional instruction.  Additionally, students’ opinions toward the 
FEACA Model was high level of agreement 



CHAPTER 5 
CONCLUSION AND DISCUSSION 

 
 This chapter represents a summary of the study followed by conclusion, 
discussion, and recommendation based upon the development and implementation of the 
FEACA Model on a learning unit covering the topic of “Force and Motion” for lower 
secondary school students by presenting to the following topics: 
 
Research Objectives 
 The objectives of the study are summarized as follows: 
 1. To develop and implement the FEACA Model for lower secondary school 
students. 
 2. To make a comparison between conceptual understanding and analytical 
thinking of students before and after learning through the FEACA Model. 
 3.  To make a comparison between conceptual understanding, analytical thinking, 
and application of knowledge of students who learn through the FEACA Model and those of 
students who learn through the traditional instruction 
 4.  To explore students’ opinions toward the FEACA Model after learning through 
the FEACA Model. 
 
Research Hypotheses 
 The research hypotheses of this study are as follows: 
 1.  Students’ conceptual understanding posttest mean scores of the experimental 
group are higher than the pretest mean scores with a statistically significant difference. 
 2.  Students’ conceptual understanding posttest mean scores of the experimental 
group are higher than that of the control group with a statistically significant difference. 
 3.  Students’ analytical thinking posttest mean scores of the experimental group are 
higher than the pretest mean scores with a statistically significant difference. 
 4.  Students’ analytical thinking posttest mean scores of the experimental group are 
higher than that of the control group with a statistically significant difference. 
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 5.  Students’ application of knowledge posttest mean scores of the experimental 
group are higher than that of the control group with a statistically significant difference. 
 6.  Students’ opinions scores toward the FEACA Model of the experimental group 
after the implementation are at high level of performance. 
 
Research Instruments 
 The research instruments in this study consisted of the following topics: 
  1.  The Conceptual Understanding Test which was 30 items of multiple choice 
questions with reliability at 0.78 and difficulty levels was between 0.23-0.75 
  2.  The Analytical Thinking Test which was 25 items of multiple choice questions 
with reliability at 0.79 and difficulty levels was 0.25-0.73 
  3.  The Application of Knowledge Test which was 12 items of open-ended 
questions with reliability at 0.76 and difficulty levels was 0.28-0.77 
  4.  The Opinions Questionnaires toward the FEACA Model which was 20 items 
of five point rating scale questionnaires with reliability at 0.84. 
 
Scope of the Study 
 Population 
 The populations of this study were the lower secondary school students who were 
studying in the first semester of the 2011 academic year in Uthaithani province, Thailand. 

 Sample 
 The students participating during the implementation were two classrooms of the 
ninth-grade students which were mixed ability. They were studying in the first semester of 
the 2011 academic year of Nongkhayangwittaya School in Uthaithani province, Thailand. 
One classroom was the experimental group taught with the FEACA Model whereas the other 
was the control group taught with the traditional instruction. 

 Sampling 
 The conceptual understanding test and the analytical thinking test were 
administered with four classrooms of the ninth-grade in Nongkhayangwittaya School.  Mean 
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 X  and Standard deviation (S.D) of the pretest conceptual understanding scores and the 
pretest analytical thinking scores of four classrooms were analyzed one-way analysis of 
variance (One-way ANOVA) by using the F-test and found that there were no statistically 
significant difference between each other, both the conceptual understanding and the 
analytical thinking.  The four classrooms were separated into two groups depended on the 
number of students, group 1: Gr. 9/1 and Gr. 9/2 and group 2: Gr. 9/3 and Gr. 9/4.  The 
second group was selected by using simple random sampling.  At last, the Gr. 9/4 was 
selected as the experimental group and the Gr. 9/3 was selected as the control group by 
using simple random sampling. 

 Variables of the Study  
  1. Independent Variables 
   1.1 Teaching with the FEACA Model 
   1.2 Teaching with the traditional instruction 
  2. Dependent Variables 
   2.1 Conceptual understanding. 
   2.2 Analytical thinking. 
   2.3 Application of knowledge. 
   2.4 Students’ opinions toward the FEACA Model. 

 Content 
  The content for using in this study was developed based on the national 
science curriculum standard, Strand 4: Force and Motion, for the ninth-grade students.  It 
consisted of six topics as follows: 1) Acceleration, 2) Action and Reaction, 3) Friction, 4) 
Moment, 5) Buoyant Force, and 6) Motion of Objects. 
 
Research Methodology 
 The research methodology used in this study consisted of six phases as follows: 
 Phase 1: Studying Basic Information for Developing Science Instructional Model 
  The basic information concerning the Thailand’s National Education Act B.E. 
2542 (1999) and Amendments (Second National Education Act B.E. 2545 (2002)), and the 
Thai Basic Education Core Curriculum B.E. 2551 (2008) emphasized the promotion of 
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science conceptual understanding, science process skills, thinking ability, as well as 
scientific attitude to all students.  From the investigation of research and document found 
that traditional instructional could not enhance conceptual understanding and analytical 
thinking of the lower secondary school students.  Therefore, the learning theories and 
science instructional method were investigated for solving the problems. 

 Phase 2: Developing the FEACA Model 
  The contextual approach and Marzano’s analysis processes were used to be 
the conceptual framework for developing the FEACA Model.  The model was used to 
promote students’ conceptual understanding, analytical thinking, and application of 
knowledge.  The draft of the model was examined the efficiency by five experts and revised 
based on their comments and suggestions.  This model consisted of five steps of learning 
namely 1) Focusing, 2) Exploring, 3) Analyzing, 4) Conceptual Developing, and 5) Applying.  
The details of each step were as follows: 
  Step 1: Focusing  
  The purposes of this step are to catch students’ attention and diagnose their 
prior knowledge by engaging them with real life context.  At this step, the everyday life 
situation will be presented as a starting point in order to recall student’s experiences related 
to that situation and check their prior knowledge about the concept they will learn in the 
class.  Teacher encourages students to think by asking a question related to that situation. 
Students answer the question and compare similarities and differences of their own answers 
with their friends’ answers as well as organize those answers into meaningful categories. 
Students communicate what they get by sharing with their peers.  At the end of the step the 
answers will not be verified right or wrong, but it will be the problem for investigating in the 
next step. 
  Step 2: Exploring 
  The purpose of this step is to give students opportunity to investigate through 
hands-on and mind-on exploration which built upon the everyday life situation from the first 
step.  At this step, students will be separated into small groups and do experiments or 
activities for exploring the answer of the questions developed in first step.  Teacher acts as 
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a facilitator helping students if they meet any problems and checks whether students obtain 
all necessary information for using in the next step. 
  Step 3: Analyzing 
  The purpose of this step is to give students an opportunity to analyze data and 
construct knowledge by their own under the facilitating of a teacher.  At this step, the 
students find the relationship of information from their observation by answering the 
questions and summarizing what they get for constructing their own knowledge.  Students 
communicate their understanding by sharing with the whole class. 
  Step 4: Conceptual Developing 
  The purpose of this step is to construct correct conceptual understanding about 
that topic under the facilitating of a teacher.  At this step, the students discuss the 
conclusion from the previous step and re-shape their understanding under the facilitating of 
a teacher.  Furthermore, students study more about the topic from documents and relate the 
concepts they have learned with the situation in the first step.  The roles of the teacher are to 
help students to construct scientific conceptual understanding and correct all 
misconception. 
  Step 5: Applying 
  The purpose of this step is to apply scientific concept to new contexts.  At this 
step, the students in each group apply conceptual understanding they have learned in the 
class to new contexts or real life situations and share with the whole class.  The students 
also need to give the reason to explain the reasonableness of the information.  The students 
in other groups then evaluate validity of that application and identify any errors in reasoning 
that have been presented. 

 Phase 3: Developing the Research Instruments 
  The research instruments for using in this study were as follows: 
  1.  The Learning Unit  
  The learning unit was developed according to the five steps of the FEACA 
Model.  The documents involving in the learning unit consisted of teacher’s guide and 
instructional plans. 
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  2.  The Conceptual Understanding Test 
  The conceptual understanding test was used to assess students’ understanding 
the main concepts on “Force and Motion”.  The content areas comprised of Acceleration, 
Action and Reaction, Friction, Moment, Buoyant Force, and Motion of Objects.  The test 
composed of 30 items of multiple choice questions, each of which had four alternative 
choices consisted of only one correct answer and three possible answers based upon 
students’ misconceptions about the topics.  The reliability of the test was 0.78.  The p value 
ranked from 0.23 to 0.75 and the r value ranked from 0.21 to 0.63. 
  3.  The Analytical Thinking Test 
  The analytical thinking test was developed based on Marzano’s analytical 
thinking which comprised of matching, classifying, error analysis, generalizing, and 
specifying.  The test composed of 25 items of multiple choice questions, each of which had 
four alternative choices and one correct answer.  The reliability of the test was 0.79.  The p 
value ranked from 0.25 to 0.73 and the r value ranked from 0.22 to 0.70. 
  4.  The Application of Knowledge Test 
  The application of knowledge test was developed based on the main concepts 
on “Force and Motion” which were Acceleration, Action and Reaction, Friction, Moment 
Buoyant Force, and Motion of Objects.  The test contained 12 items of open-ended 
questions.  The reliability of the test was 0.76.  The p value ranked from 0.28 to 0.77 and the 
r value ranked from 0.26 to 0.69. 
  5.  The Opinions Questionnaires toward the FEACA Model 
  The opinions questionnaires toward the FEACA Model comprised of 20 items of 
the five-point rating Likert Scale consisting of positive items and negative items.  The 
reliability of the test was 0.84 and the r value ranked from 0.25 to 0.66. 

 Phase 4: Conducting a Pilot Study 
 The efficiency of the FEACA Model and assessment tools were examined by 
conducting a pilot study.  This process checked out and revised all research instruments 
and research procedures before using in the implementation phase. 
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 Phase 5: Implementing the FEACA Model 
 This study was a quasi-experimental research, Non-equivalent Control Group 
Pretest-posttest Design.  The teaching with the FEACA Model was used as the experimental 
group, and the teaching with the tradition instruction was used as the control group and 
both groups were served as independent variables.  The results of students’ conceptual 
understanding, analytical thinking, application of knowledge, and opinions toward the 
FEACA Model were served as the dependent variables.  After the conceptual understanding 
test and the analytical thinking were used to collect data in both groups, the learning unit 
developed based on the FEACA Model was applied to the Gr.9/4 students whereas the 
traditional instruction was applied to the Gr.9/3 students for 8 weeks.  The conceptual 
understanding test, the analytical thinking test, and the application of knowledge test were 
applied to the students in both groups after the implementation.  For the Gr. 9/4 students, 
the opinions questionnaire toward the FEACA Model was applied to them after using the 
FEACA Model. 

 Phase 6: Evaluating the FEACA Model 
 The collected data were analyzed for verifying the effectiveness of the FEACA 
Model by answering six hypotheses as follows: 
  1. Students’ conceptual understanding posttest mean scores of the 
experimental group were higher than the pretest mean scores with a statistically significant 
difference. 
  2. Students’ conceptual understanding posttest mean scores of the 
experimental group are higher than that of the control group with a statistically significant 
difference. 
  3.  Students’ analytical thinking posttest mean scores of the experimental group 
are higher than the pretest mean scores with a statistically significant difference. 
  4.  Students’ analytical thinking posttest mean scores of the experimental group 
are higher than that of the control group with a statistically significant difference. 
  5.  Students’ application of knowledge posttest mean scores of the experimental 
group are higher than that of the control group with a statistically significant difference. 
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  6.  Students’ opinions scores toward the FEACA Model of the experimental 
group after implementation are at high level of performance. 
 
Conclusion and Discussion 
 The conclusion and discussion of the research results include conceptual 
understanding, analytical thinking, application of knowledge, and students’ opinions toward 
the FEACA Model. 
 1.  Conceptual Understanding 
 Considering conceptual understanding of students who were taught with the 
FEACA Model, the posttest mean scores were higher than the pretest mean scores at the 
.01 level of significance.  Similar to the result of Lubben, Campbell, and Dlamini (1996), they 
conducted research with Swazi secondary students to contextualized lessons on circuit 
electricity, air, and respiratory and found that the contextualized lessons influenced 
students’ motivation and interest, concept development and participation. Moreover, 
Kruatong (2007) used the contextual approach to develop high school students’ 
understanding and application of heat and thermodynamics concepts.  The results showed 
that the students’ understanding and application of knowledge were enhanced through the 
contextual approach. 
 Furthermore, the conceptual understanding posttest mean scores of students who 
were taught with the FEACA Model were higher than that of students who were taught with 
the traditional instruction at the .01 level of significance.  The result in this part was similar to 
the finding of Bennett and Lubben (2006). They developed context-based courses for the 
upper high school students called Salters Advanced Chemistry.  Their results indicated that 
the students developed levels of understanding of chemical ideas comparable to those 
taking more conventional course.  Similarly, Gutwill-Wise (2001) compared the students who 
had followed the context-based approach of ChemConnections with matched groups of the 
students who had followed a traditional approach to chemistry.  The study found that in both 
groups, the students who followed the context-based approach emerged with a better 
understanding of chemistry than their peers who followed a traditional approach.  
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 Therefore, all the results above confirmed the potency of the FEACA Model 
developed based on contextual approach to be more effective than the traditional 
instruction in terms of promoting scientific conceptual understanding of the students. 

 2.  Analytical Thinking 
 Considering analytical thinking of students who were taught with the FEACA Model, 
the posttest mean scores were higher than the pretest mean scores at the .01 level of 
significance.  In addition, the analytical thinking posttest mean scores of the students who 
were taught with the FEACA Model were higher than that of students who were taught with 
the traditional instruction at the .05 level of significance.  
 The result of this part was similar to the finding of Harris, et al. (1995) and Macklin 
and Fosmire (2003), they used problem-based learning which based on a real life situation 
in their workshop and found that it could promote critical and analytical thinking of the 
participants.  Correspondingly, the study of has developed a Competency-based Education 
and Training Programs which emphasized on a real life situation, and found that these 
programs could develop analytical thinking and the capacity to solve problems.  
Furthermore, the research explained that context encouraged the development of analytical 
thinking, critical thinking, and problem solving skills (Orange, 2002).  
 Accordingly, all the results confirmed that the FEACA Model based on contextual 
approach could enhance the students’ analytical thinking better than the traditional 
instruction. 

 3.  Application of Knowledge 
  Considering application of knowledge, the posttest mean scores of students 
who were taught with the FECA Model were higher than that of students who were taught 
with the traditional instruction at the .05 level of significance.  This result was similar to the 
finding of Tunpiriyakul (2003).  He studied the chemical knowledge-applying ability in daily 
life of the high vocation education certificate students.  The results indicated that higher 
vocational education certificate students had the ability to apply the chemical knowledge in 
their daily lives at the moderate level.  The comparison of the students’ average ability in 
applying the chemical knowledge to their daily lives was not different with the confidentiality 
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of 95 percent, between those two groups of students who were studying in accounting and 
marketing. 
  Additionally, Kruatong (2007) used contextual approach to develop high school 
students’ application of heat and thermodynamics concepts.  The results showed that the 
application abilities of student were improved through this approach.  The use of a situation 
as a learning context gave the students an opportunity to apply concepts they have learned 
to a new situation at the end of the lesson. 
  Thereby, the FEACA Model could promote students’ application of knowledge 
better than the traditional instruction. 

 4.  Students’ Opinions toward the FEACA Model 
  Considering the opinions toward the FEACA Model, the students’ opinions 
toward the FEACA Model after the implementation were analyzed.  It was found that the 
students’ opinions toward the FEACA Model were at the high level and some item were at 
the highest level. 
  All the results confirmed that the FEACA Model was a suitable model to teach 
students in science classroom because this instructional model provided students with 
opportunities to gain deeper understanding in scientific concepts as well as enhanced 
analytical thinking and application of knowledge.  Therefore, the learning activities of the 
FEACA Model were the good activities for the science classroom. 
  The results of this study revealed that the FEACA Model was effective as a 
mean to develop conceptual understanding, analytical thinking and application of 
knowledge.  Additionally, its finding revealed that the FEACA Model was effective and could 
be used in the classroom.  This outcome will be used as a basic knowledge for educators 
and science teachers to guide their thinking to develop instructional strategies.  Moreover, 
the FEACA Model will be an alternative pedagogy for science teachers to promote students 
to gain a deepened knowledge, develop analytical thinking and foster the scientific 
attitudes.  This will prepare the students to get more readiness to confront the social change 
and get a higher quality of life in community. 
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Recommendation 
 1.  Recommendation for School Administrators 
  The finding suggested that the FEACA Model was effective to enhance 
students’ conceptual understanding, analytical thinking, and application of knowledge.  
Therefore, the school administrators should encourage and support teachers to develop 
their own learning unit based on the FEACA Model.  Moreover, this model could help 
promoting the PISA scores because the PISA test focused on the real life situations.  
Therefore, administrators should press more emphasis on the instruction by using the 
FEACA Model in science classroom. 

 2.  Recommendation for Teachers 
  2.1 Before using this science instructional model in the classroom, the teachers 
should read and clearly understand the teacher’s guide before using so they know what to 
do in each step for helping students achieve the goals of learning. 
  2.2 For the most successful strategy of applying this science instructional model 
in the classroom, the teachers should act as facilitators to suggest and provide activities for 
the learners while the learners are encouraged to learn independently inside and outside the 
classroom and throughout their lives. 
  2.3 Science teacher who adapts the FEACA Model with other concepts should 
concern with the difficulty and appropriateness of the concepts by choosing the context or 
real life situation that go along with the concepts, and motivate the students to get more 
readiness for learning.   
  2.4 The use of the FEACA Model applied the familial experiments used in 
normal class but rearranged the processes of instruction.  This showed that the teacher 
could still use familial experiment but also promote students’ conceptual understanding and 
analytical thinking by using the FEACA Model. 

 3.  Recommendation for Further Studies 
  3.1 Further studies should consider the content change from Force and Motion 
to other physics concepts.  Also, further studies should change the concept from physics to 
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chemistry, biology, or any other science areas even the other subjects that have different 
nature from science. 
  3.2 In each step of the FEACA Model, there were still some problems especially 
about the time allocation.  There was the limitation of time in which the students wanted to 
spend more time for discussion and reach to the goal of each step.  So, further studies 
should allocate the time for each step more suitably. 
  3.3 Further studies should apply the science instructional model emphasizing 
contextual approach for developing other higher order of thinking such as creative thinking, 
critical thinking, or problem solving. 
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A.1 The List of Experts 
 
 There are five experts who verified the quality of the draft FEACA Model, learning 
unit and instruments for collecting data. 

1. Dr. Pramuan Siripunkaew 
The Institute for the Promotion of Teaching Science, and Technology (IPST) 

2. Assoc. Prof. Dr. Prapansiri Susaorat 
Division of Elementary, Faculty of Education, Srinakharinwirot University 

3. Assist. Prof. Buncha Silpasakulsuk 
Department of Physics, Faculty of Science, Srinakharinwirot University 

4. Dr. Sompratana Wongboonnuk 
Department of General Science, Faculty of Science, Srinakharinwirot University 

5. Kru Somchai Durongpinon 
Samsenwittayalai School, Bangkok 

 
A.2 The Lists of Participating Teachers 
 
 There are three teachers who excellently helped in collaborating and providing the 
necessary materials during collecting data in school. 

1. Kru Paiboon Pakdi 
Nongchangwittaya School, Uthaithani 

2. Kru Chanidapa Muangmi 
Kanchanapisekwittayalai Uthaithani School, Uthaithani  

3. Kru Tipparat Chuearod 
Nongkhayangwittaya School, Uthaithani 
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Appendix B 
The Results of Evaluation of the Research Materials and Research Instruments  

 
 B.1 The Results of Evaluation of the Instructional Plans 
 B.2 The Results of Evaluation of the Conceptual Understanding Test Items 
 B.3 The Results of Evaluation of the Analytical Thinking Test Items 
 B.4 The Results of Evaluation of the Application of Knowledge Test Items 
 B.5 The Results of Evaluation of the Opinions Questionnaire toward th FEACA 
Model Items 
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B.1 The Results of Evaluation of the Instructional Plans 
 
TABLE 19 THE RESULTS OF EVALUATION ON IOC OF INSTRUCTIONAL PLAN 1:  
       ACCELERATION 
 

Lists of Evaluation 
N = 5 

IOC Interpretation 
E1 E2 E3 E4 E5 

1.  The learning goals consistent with 
indicators and the purposes of the FEACA 
Model. 

1 0 0 1 1 0.60 Congruence 

2.  Learning activities consistent with the 
FEACA Model. 

1 1 1 1 1 1.00 
Strongly 

congruence 

3.  Learning activities in Focusing step were 
appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

4.  Learning activities in Exploring step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

5.  Learning activities in Analyzing step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

6.  Learning activities in Conceptual 
Developing step were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

7.  Learning activities in Applying step were 
appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

8.  Instructional materials were appropriate 
for learning activities. 

1 1 1 1 1 1.00 
Strongly 

congruence 

9.  Assessment and evaluation consistent 
with the learning goals. 

1 1 1 1 1 1.00 
Strongly 

congruence 

10.  Contents were appropriate for learners. 1 1 1 1 1 1.00 
Strongly 

congruence 

11.  Content was correct. 1 1 1 1 1 1.00 
Strongly 

congruence 

12.  Time allocation in learning unit was 
appropriate for contents. 

1 1 1 1 1 1.00 
Strongly 

congruence 
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TABLE 20 THE RESULTS OF EVALUATION ON IOC OF INSTRUCTIONAL PLAN 2: ACTION  
       AND REACTION 
 

Lists of evaluation 
N = 5 

IOC Interpretation 
E1 E2 E3 E4 E5 

1.  The learning goals consistent with 
indicators and the purposes of the FEACA 
Model. 

1 1 0 1 1 0.80 
Strongly 

congruence 

2.  Learning activities consistent with the 
FEACA Model. 

1 1 1 1 1 1.00 
Strongly 

congruence 

3.  Learning activities in Focusing step were 
appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

4.  Learning activities in Exploring step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

5.  Learning activities in Analyzing step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

6.  Learning activities in Conceptual 
Developing step were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

7.  Learning activities in Applying step were 
appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

8.  Instructional materials were appropriate 
for learning activities. 

1 1 1 1 1 1.00 
Strongly 

congruence 

9.  Assessment and evaluation consistent 
with the learning goals. 

1 1 0 1 1 0.80 
Strongly 

congruence 

10.  Contents were appropriate for learners. 1 1 1 1 1 1.00 
Strongly 

congruence 

11.  Content was correct. 1 1 1 1 1 1.00 
Strongly 

congruence 

12.  Time allocation in learning unit was 
appropriate for contents. 

1 1 1 1 1 1.00 
Strongly 

congruence 
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TABLE 21 THE RESULTS OF EVALUATION ON IOC OF INSTRUCTIONAL PLAN 3:  
       FRICTION 
 

Lists of Evaluation 
N = 5 

IOC Interpretation 
E1 E2 E3 E4 E5 

1.  The learning goals consistent with 
indicators and the purposes of the 
FEACA Model. 

1 1 -1 1 1 0.60 Congruence 

2.  Learning activities consistent with the 
FEACA Model. 

1 1 0 1 1 1.00 
Strongly 

congruence 

3.  Learning activities in Focusing step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

4.  Learning activities in Exploring step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

5.  Learning activities in Analyzing step 
were appropriate. 

1 1 0 1 1 0.80 
Strongly 

congruence 

6.  Learning activities in Conceptual 
Developing step were appropriate. 

1 1 0 1 1 0.80 
Strongly 

congruence 

7.  Learning activities in Applying step 
were appropriate. 

1 1 0 1 1 0.80 
Strongly 

congruence 

8.  Instructional materials were 
appropriate for learning activities. 

1 1 1 1 1 1.00 
Strongly 

congruence 

9.  Assessment and evaluation 
consistent with the learning goals. 

1 1 0 1 1 0.80 
Strongly 

congruence 

10.  Contents were appropriate for 
learners. 

1 1 1 1 1 1.00 
Strongly 

congruence 

11.  Content was correct. 1 1 1 1 1 1.00 
Strongly 

congruence 

12.  Time allocation in learning unit was 
appropriate for contents. 

1 1 1 1 1 1.00 
Strongly 

congruence 
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TABLE 22 THE RESULTS OF EVALUATION ON IOC OF INSTRUCTIONAL PLAN 4: MOTION 
 

Lists of Evaluation 
N = 5 

IOC Interpretation 
E1 E2 E3 E4 E5 

1.  The learning goals consistent with 
indicators and the purposes of the 
FEACA Model. 

1 1 -1 1 1 0.60 Congruence 

2.  Learning activities consistent with the 
FEACA Model. 

1 1 1 1 1 1.00 
Strongly 

congruence 
3.  Learning activities in Focusing step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

4.  Learning activities in Exploring step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

5.  Learning activities in Analyzing step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

6.  Learning activities in Conceptual 
Developing step were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

7.  Learning activities in Applying step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

8.  Instructional materials were 
appropriate for learning activities. 

1 1 1 1 1 1.00 
Strongly 

congruence 

9.  Assessment and evaluation 
consistent with the learning goals. 

1 1 0 1 1 0.80 
Strongly 

congruence 

10.  Contents were appropriate for 
learners. 

1 1 1 1 1 1.00 
Strongly 

congruence 

11.  Content was correct. 1 1 1 1 1 1.00 
Strongly 

congruence 

12.  Time allocation in learning unit was 
appropriate for contents. 

1 1 1 1 1 1.00 
Strongly 

congruence 
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TABLE 23 THE RESULTS OF EVALUATION ON IOC OF INSTRUCTIONAL PLAN 5:  
       BUOYANT FORCE 
 

Lists of Evaluation 
N = 5 

IOC Interpretation 
E1 E2 E3 E4 E5 

1.  The learning goals consistent with 
indicators and the purposes of the 
FEACA Model. 

1 1 -1 1 1 0.60 Congruence 

2.  Learning activities consistent with the 
FEACA Model. 

1 1 1 1 1 1.00 
Strongly 

congruence 

3.  Learning activities in Focusing step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

4.  Learning activities in Exploring step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

5.  Learning activities in Analyzing step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

6.  Learning activities in Conceptual 
Developing step were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

7.  Learning activities in Applying step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

8.  Instructional materials were 
appropriate for learning activities. 

1 1 1 1 1 1.00 
Strongly 

congruence 

9.  Assessment and evaluation 
consistent with the learning goals. 

1 1 0 1 1 0.80 
Strongly 

congruence 

10.  Contents were appropriate for 
learners. 

1 1 1 1 1 1.00 
Strongly 

congruence 

11.  Content was correct. 1 1 1 1 1 1.00 
Strongly 

congruence 

12.  Time allocation in learning unit was 
appropriate for contents. 

1 1 1 1 1 1.00 
Strongly 

congruence 
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TABLE 24 THE RESULTS OF EVALUATION ON IOC OF INSTRUCTIONAL PLAN 6: MOTION  
       OF OBJECTS 
 

Lists of Evaluation 
N = 5 

IOC Interpretation 
E1 E2 E3 E4 E5 

1.  The learning goals consistent with 
indicators and the purposes of the 
FEACA Model. 

1 1 0 1 1 0.80 
Strongly 

congruence 

2.  Learning activities consistent with the 
FEACA Model. 

1 1 1 1 1 1.00 
Strongly 

congruence 

3.  Learning activities in Focusing step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

4.  Learning activities in Exploring step 
were appropriate. 

1 1 0 1 1 0.80 
Strongly 

congruence 

5.  Learning activities in Analyzing step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

6.  Learning activities in Conceptual 
Developing step were appropriate. 

1 1 0 1 1 0.80 
Strongly 

congruence 

7.  Learning activities in Applying step 
were appropriate. 

1 1 1 1 1 1.00 
Strongly 

congruence 

8.  Instructional materials were 
appropriate for learning activities. 

1 1 1 1 1 1.00 
Strongly 

congruence 

9.  Assessment and evaluation 
consistent with the learning goals. 

1 1 1 1 1 1.00 
Strongly 

congruence 

10.  Contents were appropriate for 
learners. 

1 1 1 1 1 1.00 
Strongly 

congruence 

11.  Content was correct. 1 1 1 1 1 1.00 
Strongly 

congruence 

12.  Time allocation in learning unit was 
appropriate for contents. 

1 1 1 1 1 1.00 
Strongly 

congruence 
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B.2 The Results of Evaluation of the Conceptual Understanding Test Items 
 
TABLE 25 THE RESULTS OF EVALUATION ON IOC OF THE CONCEPTUAL  
       UNDERSTANDING TEST ITEMS 
 

No. 
N = 3 

IOC Interpretation No. 
N = 3 

IOC Interpretation 
E1 E2 E3 E1 E2 E3 

1 0 1 1 0.67 Congruence 15 1 1 1 1.00 
Strongly 

congruence 

2 0 1 1 0.67 Congruence 16 1 1 1 1.00 
Strongly 

congruence 

3 1 1 1 1.00 
Strongly 

congruence 
17 1 1 1 1.00 

Strongly 
congruence 

4 1 1 1 1.00 
Strongly 

congruence 
18 1 1 1 1.00 

Strongly 
congruence 

5 0 1 0 0.33 Need modification 19 1 1 1 1.00 
Strongly 

congruence 

6 0 1 0 0.33 Need modification 20 1 1 1 1.00 
Strongly 

congruence 

7 1 1 1 1.00 
Strongly 

congruence 
21 1 0 1 0.67 Congruence 

8 1 1 1 1.00 
Strongly 

congruence 
22 0 1 1 0.67 Congruence 

9 1 1 1 1.00 
Strongly 

congruence 
23 0 1 1 0.67 Congruence 

10 1 1 1 1.00 
Strongly 

congruence 
24 1 1 1 1.00 

Strongly 
congruence 

11 1 1 1 1.00 
Strongly 

congruence 
25 1 1 1 1.00 

Strongly 
congruence 

12 1 1 1 1.00 
Strongly 

congruence 
26 1 1 1 1.00 

Strongly 
congruence 

13 1 1 1 1.00 
Strongly 

congruence 
27 1 1 1 1.00 

Strongly 
congruence 

14 1 1 1 1.00 
Strongly 

congruence 
28 1 1 1 1.00 

Strongly 
congruence 
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TABLE 25 (continued) 
 

No. 
N = 3 

IOC Interpretation No. 
N = 3 

IOC Interpretation 
E1 E2 E3 E1 E2 E3 

29 1 1 1 1.00 
Strongly 

congruence 
45 1 0 1 0.67 Congruence 

30 1 -1 1 0.33 Need modification 46 1 0 1 0.67 Congruence 

31 1 1 1 1.00 
Strongly 

congruence 
47 1 1 1 1.00 

Strongly 
congruence 

32 1 1 1 1.00 
Strongly 

congruence 
48 1 1 1 1.00 

Strongly 
congruence 

33 1 1 1 1.00 
Strongly 

congruence 
49 1 1 1 1.00 

Strongly 
congruence 

34 1 1 1 1.00 
Strongly 

congruence 
50 1 0 1 0.67 Congruence 

35 1 1 1 1.00 
Strongly 

congruence 
51 1 1 1 1.00 

Strongly 
congruence 

36 1 1 1 1.00 
Strongly 

congruence 
52 1 1 1 1.00 

Strongly 
congruence 

37 1 1 1 1.00 
Strongly 

congruence 
53 1 1 1 1.00 

strongly 
congruence 

38 1 1 1 1.00 
Strongly 

congruence 
54 1 0 1 0.67 congruence 

39 1 1 1 1.00 
Strongly 

congruence 
55 1 1 1 1.00 

Strongly 
congruence 

40 1 1 1 1.00 
Strongly 

congruence 
56 1 1 1 1.00 

Strongly 
congruence 

41 1 1 1 1.00 
Strongly 

congruence 
57 1 1 1 1.00 

Strongly 
congruence 

42 1 1 1 1.00 
Strongly 

congruence 
58 1 1 0 0.67 Congruence 

43 1 1 1 1.00 
Strongly 

congruence 
59 1 1 1 1.00 

Strongly 
congruence 

44 0 0 1 0.33 Need modification 60 1 1 1 1.00 
Strongly 

congruence 
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TABLE 26 THE RESULTS OF EVALUATION ON ITEM DIFFICULTY (p) AND ITEM  
       DISCRIMINATION (r) OF THE CONCEPTUAL UNDERSTANDING TEST ITEMS 

No. p r Interpretation 
Used 

for No. 
No. p r Interpretation 

Used 
for No. 

1 0.15 0.06 Can not be used  32 0.67 0.47 Can be used 17 

2 0.23 0.20 Can be used  33 0.67 0.66 Can be used 18 

3 0.47 0.47 Can be used 1 34 0.43 0.46 Can be used  

4 0.75 0.44 Can be used 2 35 0.68 0.54 Can be used 19 

7 0.63 0.33 Can be used 3 36 0.30 0.23 Can be used 20 

8 0.35 0.35 Can be used 4 37 0.29 0.15 Can not be used  

9 0.32 0.37 Can be used 5 38 0.13 0.02 Can not be used  

10 0.20 -0.01 Can not be used  39 0.25 0.28 Can be used  

11 0.23 0.30 Can be used 6 40 0.39 0.30 Can be used  

12 0.59 0.27 Can be used 7 41 0.17 0.02 Can not be used  

13 0.28 0.32 Can be used 8 42 0.75 0.25 Can be used 21 

14 0.23 0.28 Can be used 9 43 0.62 0.44 Can be used 22 

15 0.35 0.26 Can be used  45 0.03 -0.03 Can not be used  

16 0.37 0.21 Can be used  46 0.17 -0.07 Can not be used  

17 0.24 -0.06 Can not be used  47 0.24 0.32 Can be used 23 

18 0.37 0.23 Can be used 10 48 0.27 0.57 Can be used 24 

19 0.07 0.16 Can not be used  49 0.09 -0.02 Can not be used  

20 0.09 0.18 Can not be used  50 0.42 0.27 Can be used 25 

21 0.67 0.44 Can be used 11 51 0.36 -0.10 Can not be used  

22 0.74 0.40 Can be used 12 52 0.25 0.23 Can be used  

23 0.35 -0.03 Can not be used  53 0.25 0.36 Can be used 26 

24 0.19 0.08 Can not be used  54 0.23 0.36 Can be used 27 

25 0.31 0.25 Can be used 13 55 0.17 -0.07 Can not be used  

26 0.41 -0.07 Can not be used  56 0.25 0.38 Can be used 28 

27 0.41 0.26 Can be used 14 57 0.25 0.23 Can be used 29 

28 0.51 0.46 Can be used 15 58 0.29 0.29 Can be used  

29 0.25 0.02 Can not be used  59 0.41 0.29 Can be used 30 

31 0.54 0.52 Can be used 16 60 0.26 -0.01 Can not be used  

Note: Reliability (KR-20) = 0.78  
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B.3 The Results of Evaluation of the Analytical Thinking Test Items 
 
TABLE 27 THE RESULTS OF EVALUATION ON IOC OF THE ANALYTICAL THINKING TEST  
       ITEMS 

No. Analysis processes 
N = 5 

IOC Interpretation 
E1 E2 E3 E4 E5 

1 Matching 1 1 1 1 1 1.00 
Strongly 

congruence 

2 Matching 1 1 1 0 1 0.80 
Strongly 

congruence 

3 Matching 1 1 1 1 1 1.00 
Strongly 

congruence 

4 Matching 1 1 0 1 1 0.80 
Strongly 

congruence 

5 Matching 1 0 1 1 1 0.80 
Strongly 

congruence 

6 Matching 1 0 1 1 1 0.80 
Strongly 

congruence 

7 Matching 1 0 1 1 1 0.80 
Strongly 

congruence 

8 Matching 1 1 1 1 1 1.00 
Strongly 

congruence 

9 Matching 1 0 1 1 1 0.80 
Strongly 

congruence 

10 Matching 1 0 1 1 1 0.80 
Strongly 

congruence 

11 Classifying 1 1 1 1 1 1.00 
Strongly 

congruence 

12 Classifying 1 1 1 1 1 1.00 
Strongly 

congruence 

13 Classifying 1 1 -1 1 1 0.60 Congruence 

14 Classifying 1 1 1 1 1 1.00 
Strongly 

congruence 
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TABLE 27 (continued) 

 

No. Analysis processes 
N = 5 

IOC Interpretation 
E1 E1 E1 E1 E1 

15 Classifying 1 0 1 1 1 0.80 
Strongly 

congruence 

16 Classifying 1 1 1 1 1 1.00 
Strongly 

congruence 

17 Classifying 1 1 1 1 1 1.00 
Strongly 

congruence 

18 Classifying 1 1 1 1 1 1.00 
Strongly 

congruence 

19 Classifying 1 0 1 1 1 0.80 
Strongly 

congruence 

20 Classifying 1 1 1 1 1 1.00 
Strongly 

congruence 

21 Error Analysis 1 1 1 1 1 1.00 
Strongly 

congruence 

22 Error Analysis 1 1 1 1 1 1.00 
Strongly 

congruence 

23 Error Analysis 1 1 1 1 1 1.00 
Strongly 

congruence 

24 Error Analysis 1 0 1 1 1 0.80 
Strongly 

congruence 

25 Error Analysis 1 1 0 0 1 0.60 Congruence 

26 Error Analysis 1 1 1 1 1 1.00 
Strongly 

congruence 

27 Error Analysis 1 0 1 1 1 0.80 
Strongly 

congruence 

28 Error Analysis 1 1 1 1 1 1.00 
Strongly 

congruence 

29 Error Analysis 1 1 1 1 1 1.00 
Strongly 

congruence 
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TABLE 27 (continued) 

 

No. Analysis processes 
N = 5 

IOC Interpretation 
E1 E2 E3 E4 E5 

30 Error Analysis 1 1 1 1 1 1.00 
Strongly 

congruence 

31 Generalizing 1 1 0 1 1 0.80 
Strongly 

congruence 

32 Generalizing 1 1 0 1 1 0.80 
Strongly 

congruence 

33 Generalizing 1 1 -1 1 1 0.60 Congruence 

34 Generalizing 1 1 1 1 1 1.00 
Strongly 

congruence 

35 Generalizing 1 1 1 1 1 1.00 
Strongly 

congruence 

36 Generalizing 1 1 1 1 1 1.00 
Strongly 

congruence 

37 Generalizing 1 1 1 1 1 1.00 
Strongly 

congruence 

38 Generalizing 1 1 1 1 1 1.00 
Strongly 

congruence 

39 Generalizing 1 1 1 1 1 1.00 
Strongly 

congruence 

40 Generalizing 1 1 1 1 1 1.00 
Strongly 

congruence 

41 Specifying 1 1 1 1 1 1.00 
Strongly 

congruence 

42 Specifying 1 1 1 1 1 1.00 
Strongly 

congruence 

43 Specifying 1 1 1 1 1 1.00 
Strongly 

congruence 

44 Specifying 1 1 1 1 1 1.00 
Strongly 

congruence 
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TABLE 27 (continued) 

 

No. Analysis processes 
N = 5 

IOC Interpretation 
E1 E2 E3 E4 E5 

45 Specifying 1 1 1 1 1 1.00 
Strongly 

congruence 

46 Specifying 1 0 0 1 1 0.60 congruence 

47 Specifying 1 1 -1 1 1 0.60 congruence 

48 Specifying 1 1 1 1 1 1.00 
Strongly 

congruence 

49 Specifying 1 1 0 1 1 0.80 
Strongly 

congruence 

50 Specifying 1 0 1 1 1 0.80 
Strongly 

congruence 
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TABLE 28 THE RESULTS OF EVALUATION ON ITEM DIFFICULTY (p) AND ITEM  
       DISCRIMINATION (r) OF THE ANALYTICAL THINKING TEST ITEMS  
 

No. p r Interpretation 
Used 

for No. 
No. p r Interpretation 

Used 
for No. 

1 0.64 0.63 Can be used 1 26 0.15 0.07 Can not be used  
2 0.90 0.09 Can not be used  27 0.56 0.63 Can be used  
3 0.40 0.07 Can not be used  28 0.26 0.33 Can be used  
4 0.82 0.39 Can not be used  29 0.64 0.52 Can be used 14 
5 0.46 0.39 Can be used 2 30 0.28 0.35 Can be used 15 
6 0.73 0.39 Can be used 3 31 0.58 0.59 Can be used 16 
7 0.54 0.33 Can be used 4 32 0.56 0.57 Can be used 17 
8 0.19 0.24 Can not be used  33 0.27 0.28 Can be used  
9 0.75 0.35 Can be used  34 0.34 0.22 Can be used 18 
10 0.62 0.41 Can be used 5 35 0.51 0.65 Can be used 19 
11 0.46 0.54 Can be used 6 36 0.19 0.11 Can not be used  
12 0.41 0.33 Can be used 7 37 0.48 0.63 Can be used 20 
13 0.57 0.52 Can be used 8 38 0.62 0.63 Can be used 21 
14 0.54 0.57 Can be used 9 39 0.32 0.20 Can be used  
15 0.56 0.61 Can be used  40 0.70 0.59 Can be used  
16 0.69 0.57 Can be used 10 41 0.26 0.17 Can not be used  
17 0.51 0.70 Can be used 11 42 0.67 0.50 Can be used 22 
18 0.46 0.54 Can be used  43 0.30 0.24 Can be used 23 
19 0.81 0.43 Can not be used  44 0.36 0.43 Can be used  
20 0.69 0.50 Can be used  45 0.36 0.48 Can be used  
21 0.73 0.50 Can be used  46 0.57 0.52 Can be used  
22 0.52 0.39 Can be used 12 47 0.56 0.50 Can be used  
23 0.30 0.11 Can not be used  48 0.64 0.35 Can be used 24 
24 0.25 0.41 Can be used 13 49 0.49 0.33 Can be used 25 
25 0.62 0.24 Can be used  50 0.38 0.09 Can not be used  

 
Note: Reliability (KR-20) = 0.79  
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B.4 The Results of Evaluation of the Application of Knowledge Test Items 
 
TABLE 29 THE RESULTS OF EVALUATION OF IOC OF THE APPLICATION OF  
       KNOWLEDGE TEST ITEMS  
 

No. 
N = 3 

IOC Interpretation No. 
N = 3 

IOC Interpretation 
E1 E2 E3 E1 E2 E3 

1 1 1 1 1.00 
Strongly 

congruence 
10 1 1 1 1.00 

Strongly 
congruence 

2 1 1 1 1.00 
Strongly 

congruence 
11 0 1 1 0.67 Congruence 

3 1 1 1 1.00 
Strongly 

congruence 
12 1 1 1 1.00 

Strongly 
congruence 

4 1 1 1 1.00 
Strongly 

congruence 
13 1 1 1 1.00 

Strongly 
congruence 

5 1 1 1 1.00 
Strongly 

congruence 
14 0 1 1 0.67 Congruence 

6 0 1 1 0.67 Congruence 15 1 1 1 1.00 
Strongly 

congruence 

7 1 1 1 1.00 
Strongly 

congruence 
16 1 1 1 1.00 

Strongly 
congruence 

8 1 1 1 1.00 
Strongly 

congruence 
17 0 1 1 0.67 Congruence 

9 1 1 1 1.00 
Strongly 

congruence 
18 1 1 1 1.00 

Strongly 
congruence 
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TABLE 30 THE RESULTS OF EVALUATION ON ITEM DIFFICULTY (p) AND ITEM  
       DISCRIMINATION (r) OF THE APPLICATION OF KNOWLEDGE TEST ITEMS 
 

No. p r Interpretation 
Used 

for No. 
No. p r Interpretation 

Used 
for No. 

1 0.42 0.26 Can be used  10 0.22 0.36 Can be used  

2 0.44 0.69 Can be used 1 11 0.43 0.26 Can be used 7 

3 0.43 0.55 Can be used 2 12 0.28 0.32 Can be used 8 

4 0.10 0.16 Can not be used  13 0.53 0.32 Can be used 9 

5 0.28 0.29 Can be used 3 14 0.11 0.13 Can not be used  

6 0.41 0.25 Can be used 4 15 0.37 0.36 Can be used 10 

7 0.49 0.28 Can be used  16 0.29 0.14 Can not be used  

8 0.70 0.38 Can be used 5 17 0.28 0.31 Can be used 11 

9 0.77 0.32 Can be used 6 18 0.48 0.31 Can be used 12 

 
Note: Reliability (Cronbach’s coefficient alpha) = 0.76  
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B.5 The Results of Evaluation of the Opinions Questionnaire toward the FEACA Model 
Items 
 
TABLE 31 THE RESULTS OF EVALUATION ON IOC OF THE OPINION QUESTIONNAIRE  
       TOWARD THE FEACA MODEL ITEMS 
 

No. Opinion 
N = 5 

IOC Interpretation 
E1 E2 E3 E4 E5 

1 Positive 1 1 1 1 1 1.00 
Strongly 

congruence 

2 Positive 1 1 1 1 1 1.00 
Strongly 

congruence 

3 Positive 1 1 1 1 1 1.00 
Strongly 

congruence 

4 Negative 1 1 1 1 1 1.00 
Strongly 

congruence 

5 Positive 1 1 1 1 1 1.00 
Strongly 

congruence 

6 Positive 1 1 1 1 1 1.00 
Strongly 

congruence 

7 Negative 1 1 1 1 1 1.00 
Strongly 

congruence 

8 Positive 1 1 1 1 1 1.00 
Strongly 

congruence 

9 Positive 1 1 1 1 1 1.00 
Strongly 

congruence 

10 Positive 1 1 1 1 1 1.00 
Strongly 

congruence 

11 Positive 1 0 1 1 1 0.80 
Strongly 

congruence 

12 Positive 1 0 1 1 1 0.80 
Strongly 

congruence 
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TABLE 31 (continued) 
 

No. Opinion 
N = 5 

IOC Interpretation 
E1 E2 E3 E4 E5 

13 Positive 1 1 1 1 1 1.00 
Strongly 

congruence 

14 Positive 1 1 1 1 1 1.00 
Strongly 

congruence 

15 Negative 1 1 1 1 1 1.00 
Strongly 

congruence 

16 Positive 1 1 1 1 1 1.00 
Strongly 

congruence 

17 Positive 1 0 1 1 1 0.80 
Strongly 

congruence 

18 Negative 1 1 1 1 1 1.00 
Strongly 

congruence 

19 Positive 1 0 1 1 1 0.80 
Strongly 

congruence 

20 Negative 1 1 1 1 1 1.00 
Strongly 

congruence 
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TABLE 32 THE RESULTS OF EVALUATION ON ITEM DISCRIMINATION (r) OF THE  
       OPINIONS QUESTIONNAIRE TOWARD THE FEACA MODEL ITEMS 
 
No. r Interpretation Used for No. No. r Interpretation Used for No. 

1 0.26 Can be used 1 11 0.47 Can be used 11 

2 0.43 Can be used 2 12 0.45 Can be used 12 

3 0.42 Can be used 3 13 0.61 Can be used 13 

4 0.30 Can be used 4 14 0.53 Can be used 14 

5 0.25 Can be used 5 15 0.38 Can be used 15 

6 0.54 Can be used 6 16 0.30 Can be used 16 

7 0.30 Can be used 7 17 0.66 Can be used 17 

8 0.49 Can be used 8 18 0.54 Can be used 18 
9 0.31 Can be used 9 19 0.62 Can be used 19 

10 0.43 Can be used 10 20 0.33 Can be used 20 

 
Note: Reliability (Cronbach’s coefficient alpha) = 0.84 
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Appendix C 
The Research Instruments 

   
  C.1 The Example of Conceptual Understanding Test 
  C.2 The Example of Analytical Thinking Test 
  C.3 The Example of Application of Knowledge Test 
  C.4 The Opinions Questionnaire toward the FEACA Model 
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C.1 The Example of Conceptual Understanding Test 
 

แบบทดสอบวัดความเข้าใจมโนมตเิร่ือง แรงและการเคล่ือนที่ในชีวิตประจ าวัน 
ส าหรับนักเรียนระดับมัธยมศึกษาปีที่ 3 

 
 
ค าชีแ้จง 

1. แบบทดสอบฉบบันีใ้ช้เพ่ือวดัความเข้าใจมโนมตเิร่ืองแรงและการเคล่ือนท่ีใน
ชีวิตประจ าวนั ส าหรับนกัเรียนระดบัมธัยมศกึษาตอนต้น 

2. ลกัษณะข้อสอบเป็นปรนยัชนิดเลือกตอบจ านวน 30 ข้อ ให้เวลาท า 50 นาที 
3. ให้นกัเรียนอา่นค าถามแตล่ะข้อให้เข้าใจ แล้วเลือกค าตอบท่ีถกูต้อง  

 ท่ีสดุเพียงค าตอบเดียว จากข้อ ก. ข. ค. หรือ ง. โดยขีดเคร่ืองหมายกากบาท (X) ลง
ในชอ่งส่ีเหล่ียมตรงกบัข้อท่ีเลือก ในกระดาษค าตอบ 

4. โปรดอย่าขีดเขียนหรือท าเคร่ืองหมายใดๆ ลงในแบบทดสอบฉบบันี ้
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1.  เม่ือปล่อยก้อนหินให้เคล่ือนท่ีในแนวดิง่ภายใต้แรงโน้มถ่วงของโลก ความเร่งเป็นอยา่งไร 
  ก.  ความเร่งเป็นศนูย์ 
  ข.  ความเร่งมีคา่คงท่ี ในทิศเดียวกบัทิศการเคล่ือนท่ี 
  ค.  ความเร่งมีคา่เพิ่มขึน้ ในทิศเดียวกบัทิศการเคล่ือนท่ี 
  ง.  ความเร่งมีคา่เพิ่มขึน้ ในทิศตรงข้ามกบัทิศการเคล่ือนท่ี 
 

2.  รถยนต์คนัหนึง่ก าลงัเคล่ือนท่ีเป็นเส้นตรงด้วยความเร็วคงท่ี ความเร่งเป็นอย่างไร 
  ก.  ความเร่งเป็นศนูย์ 
  ข.  ความเร่งมีคา่คงท่ี ในทิศเดียวกบัทิศการเคล่ือนท่ี 
  ค.  ความเร่งมีคา่ลดลง ในทิศเดียวกบัทิศการเคล่ือนท่ี 
  ง.  ความเร่งมีคา่เพิ่มขึน้ ในทิศเดียวกบัทิศการเคล่ือนท่ี 
 

3.  วตัถ ุA ก าลงัเคล่ือนท่ีด้วยความเร็วคงท่ี 10 เมตรตอ่วินาที เม่ือมีแรงลพัธ์ท่ีเทา่กบัศนูย์มากระท า
ความเร็วของวตัถ ุA จะเป็นอยา่งไร 
  ก.  ความเร็วเพิ่มขึน้   ข.  ความเร็วลดลง 
  ค.  ความเร็วเป็นศนูย์   ง.  ความเร็วไมเ่ปล่ียนแปลง 
 

4.  ในขณะท่ีรถยนต์ก าลงัเคล่ือนท่ีด้วยความเร็วคงท่ี 50 เมตรตอ่วินาที แรงลพัธ์ท่ีกระท าตอ่รถเป็น
อยา่งไร  
  ก.  แรงลพัธ์ท่ีกระท าตอ่รถเป็นศนูย์ 
  ข.  แรงลพัธ์ท่ีกระท าตอ่รถมีขนาดเพิ่มขึน้ และมีทิศเดียวกบัทิศการเคล่ือนท่ี 
  ค.  แรงลพัธ์ท่ีกระท าตอ่รถมีขนาดคงท่ีคา่หนึง่ และมีทิศเดียวกบัทิศการเคล่ือนท่ี 
  ง.  แรงลพัธ์ท่ีกระท าตอ่รถมีขนาดคงท่ีคา่หนึง่ แตมี่ทิศตรงข้ามกบัทิศการเคล่ือนท่ี 
 

5.  รถยนต์คนัหนึง่ก าลงัเคล่ือนท่ีด้วยความเร็วคงท่ี 50 เมตรตอ่วินาที เม่ือเห็นสนุขัวิ่งตดัหน้า คนขบัจงึ
เบรกรถ แรงลพัธ์ท่ีกระท าตอ่รถเม่ือลดความเร็วลงด้วยอตัราท่ีคงท่ีเป็นอยา่งไร  
  ก.  แรงลพัธ์ท่ีกระท าตอ่รถเป็นศนูย์ 
  ข.  แรงลพัธ์ท่ีกระท าตอ่รถมีขนาดลดลง และมีทิศตรงข้ามกบัทิศการเคล่ือนท่ี 
  ค.  แรงลพัธ์ท่ีกระท าตอ่รถมีขนาดคงท่ีคา่หนึง่ และมีทิศเดียวกบัทิศการเคล่ือนท่ี 
  ง.  แรงลพัธ์ท่ีกระท าตอ่รถมีขนาดคงท่ีคา่หนึง่ แตมี่ทิศตรงข้ามกบัทิศการเคล่ือนท่ี 
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C.2 The Example of Analytical Thinking Test 
 

แบบทดสอบวัดการคิดวิเคราะห์ 
ส าหรับนักเรียนระดับมัธยมศึกษาตอนต้น 

 
 

ค าชีแ้จง 
1. แบบทดสอบฉบบันีใ้ช้เพ่ือวดัการคิดวิเคราะห์ของนกัเรียนระดบัมธัยมศกึษาตอนต้น 
2. ลกัษณะข้อสอบเป็นปรนยัชนิดเลือกตอบจ านวน 25 ข้อ ให้เวลาท า 30 นาที 
3. ให้นกัเรียนอา่นค าถามแตล่ะข้อให้เข้าใจ แล้วเลือกค าตอบท่ีถกูต้อง  

 ท่ีสดุเพียงค าตอบเดียว จากข้อ ก. ข. ค. หรือ ง. โดยขีดเคร่ืองหมายกากบาท (X) ลง
ในชอ่งส่ีเหล่ียมตรงกบัข้อท่ีเลือก ในกระดาษค าตอบ 

4. โปรดอย่าขีดเขียนหรือท าเคร่ืองหมายใดๆ ลงในแบบทดสอบฉบบันี ้
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1.  ของแข็งและของเหลวมีคณุสมบตัข้ิอใดท่ีเหมือนกนั  
 ก.  รูปร่างคงท่ี    ข.  ปริมาตรคงท่ี 
 ค.  ความสามารถในการไหล  ง.  ระยะหา่งระหว่างโมเลกลุ 
 

พิจารณาภาพตอ่ไปนี ้แล้วตอบค าถามข้อ 2 
 
 
 
   แมลง ก    แมลง ข 
 

2.  ข้อใดกลา่วถึงแมลงทัง้สองชนิดได้ถกูต้อง  
 ก.  จ านวนขาไมเ่ทา่กนั   ข.  ลกัษณะปีกเหมือนกนั 
 ค.  ลกัษณะขาเหมือนกนั   ง.  จ านวนข้อปล้องของล าตวัเทา่กนั 
 

พิจารณาภาพตอ่ไปนี ้แล้วตอบค าถามข้อ 3 
 
 
 
 
 
 
 

3.  เซลล์พืชมีสว่นประกอบใดตอ่ไปนีแ้ตกตา่งจากเซลล์สตัว์  
 ก.  ผนงัเซลล์และคลอโรพลาสต์  ข.  แวลควิโอลและเย่ือหุ้มเซลล์ 
 ค.  คลอโรพลาสต์และไรโบโซม  ง.  รูปร่างเซลล์และไมโทคอนเดรีย 
 
 
 
 
 
 
 
 

เซลล์พืช 

นิวคลีโอลสั 
นิวเคลียส 

ผนงัเซลล์ 
เยื่อหุ้มเซลล์ 
แวลควิโอล 

เยื่อหุ้มนิวเคลียส 
คลอโรพลาสต์ 
ไมโทรคอนเดรีย 

ไซโทพลาสซมึ 

กอลจิบอดี 

เซนทริโอล 
เอนโดพลาสมิคเรติคลูมั 

ไรโบโซม 

เซนทริโอล 
ไลโซโซม 

ไรโบโซม 

เยื่อหุ้มเซลล์ 

นิวเคลียส 
นิวคลีโอลสั 

เยื่อหุ้มนิวเคลียส 
แวคิวโอล 

ไมโทรคอนเดรีย กอลจิบอดี 

ไซโทพลาสซมึ 

เอนโดพลาสมิคเรติคลูมั 

เซลล์สัตว์ 
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C.3 The Example of Application of Knowledge Test 
 

แบบทดสอบวัดการน าความรู้ไปใช้ 
เร่ือง แรงและการเคล่ือนที่ในชีวิตประจ าวัน 

 
 

ค าชีแ้จง 
  1.  แบบทดสอบฉบบันีมี้จ านวนทัง้หมด 12 ข้อ ให้เวลาท า 50 นาที 
  2.  ให้นกัเรียนเขียนค าตอบลงในชอ่งวา่ง พร้อมทัง้อธิบายเหตผุลโดยใช้ความรู้ทาง 

      วิทยาศาสตร์ 
  3.  ให้นกัเรียนสง่คืนแบบทดสอบให้กรรมการควบคมุการสอบทนัทีเม่ือหมดเวลา 
  4.  ให้นกัเรียนเขียนช่ือ-นามสกลุ ชัน้ เลขท่ี ลงในแบบทดสอบให้เรียบร้อย 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ช่ือ-นามสกลุ……………………………………………………………….. 
ชัน้……………………………….…….เลขท่ี……………………………… 
โรงเรียน…………………………………………………………………….. 
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 1.  รถจกัรยานคนัหนึง่เร่ิมเคล่ือนท่ีจากหยดุนิ่ง เม่ือเคล่ือนท่ีไปได้ 10 วินาที รถมีความเร็ว 40 
เมตรตอ่วินาที รถคนันีเ้คล่ือนท่ีด้วยความเร่งเทา่ใด เพราะเหตใุด 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 

 2.  รถไฟฟ้าก าลงัเคล่ือนท่ีด้วยความเร็วคงท่ีคา่หนึง่ เม่ือใกล้ถึงสถานีได้ลดความเร็วลงเพ่ือ
จอด รถไฟฟ้ามีความเร่งหรือไม ่จงอธิบาย 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 

 3.  ขณะท่ีขึน้จากเรือพาย เรือจะมีการเคล่ือนท่ีอย่างไร เพราะเหตใุดเรือจงึมีการเคล่ือนท่ี
เชน่นัน้ และควรท าอยา่งไรเพ่ือไมใ่ห้เรือเคล่ือนท่ี 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
 4.  ขณะท่ีนกัว่ายน า้กลบัตวัในน า้จะใช้เท้าดนัผนงัสระวา่ยน า้ เพราะเหตใุดจงึท าเชน่นัน้ จง
อธิบาย 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
 5.  เหตใุดนกักีฬา เชน่ นกัเทนนิส จงึสวมรองเท้าพืน้ยางลงแขง่ขนั จงอธิบาย 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
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C.4 The Opinions Questionnaire toward the FEACA Model 
 

แบบสอบถามความคิดเห็นของนักเรียน 
ท่ีมีต่อรูปแบบการเรียนการสอนวิทยาศาสตร์ท่ีเน้นวิธีการสอนโดยใช้บริบท 

ตอนที่ 1 ให้นกัเรียนอ่านข้อความในแตล่ะข้อแล้วพิจารณาวา่นกัเรียนเห็นด้วยกบัข้อความดงักลา่ว
มากน้อยเพียงใด โดยท าเคร่ืองหมาย () ลงในชอ่งขวามือของข้อความแตล่ะข้อเพียงชอ่งเดียว 
 

ข้อที่ รายการประเมิน 

ระดับความคดิเห็น 

มา
กท

ี่สุด
 

มา
ก 

ปา
นก

ลา
ง 

น้อ
ย 

น้อ
ยท

ี่สุด
 

1 การจดัการเรียนรู้โดยใช้เหตกุารณ์ในชีวิตประจ าวนัช่วยให้นกัเรียนเข้าใจ
เนือ้หาวิทยาศาสตร์มากขึน้ 

     

2 การจดัการเรียนรู้โดยใช้เหตกุารณ์ในชีวิตประจ าวนัท าให้นกัเรียนเห็นวา่การ
เรียนวิทยาศาสตร์เป็นเร่ืองงา่ย 

     

3 การจดัการเรียนรู้โดยใช้เหตกุารณ์ในชีวิตประจ าวนัท าให้นกัเรียนเห็นวา่
วิทยาศาสตร์เป็นเร่ืองใกล้ตวั 

     

4 การจดัการเรียนรู้โดยใช้เหตกุารณ์ในชีวิตประจ าวนัท าให้นกัเรียนรู้สกึเบื่อ
หนา่ยเพราะเป็นเร่ืองที่รู้แล้ว 

     

5 การจดัการเรียนรู้โดยใช้เหตกุารณ์ในชีวิตประจ าวนัท าให้นกัเรียนสนใจ
วิทยาศาสตร์มากขึน้ 

     

6 การจดัการเรียนรู้โดยใช้เหตกุารณ์ในชีวิตประจ าวนัท าให้นกัเรียนอยาก
เรียนรู้วิทยาศาสตร์มากขึน้ 

     

7 การจดัการเรียนรู้ท าให้นกัเรียนรู้สกึอดึอดัเวลาถกูถามค าถาม      
8 การจดัการเรียนรู้ชว่ยให้นกัเรียนได้ฝึกการเปรียบเทียบความเหมอืนและ

ความแตกตา่งของสิง่ตา่ง ๆ 
     

9 การจดัการเรียนรู้ชว่ยให้นกัเรียนได้ฝึกการแบง่กลุม่โดยใช้เกณฑ์ทีเ่หมาะสม      
10 การจดัการเรียนรู้ชว่ยให้นกัเรียนได้ฝึกการวเิคราะห์ข้อมลูวา่ถกูต้องหรือมี

ข้อผิดพลาด 
     

11 การจดัการเรียนรู้ชว่ยให้นกัเรียนได้ฝึกการสรุปผลการทดลองจากข้อมลูที่
รวบรวมได้ 
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ข้อที่ รายการประเมิน 

ระดับความคดิเห็น 

มา
กท

ี่สุด
 

มา
ก 

ปา
นก

ลา
ง 

น้อ
ย 

น้อ
ยท

ี่สุด
 

12 การจดัการเรียนรู้ชว่ยให้นกัเรียนได้ฝึกการประยกุต์ใช้ความรู้      

13 การจดัการเรียนรู้ชว่ยให้นกัเรียนสามารถน าความรู้ที่เรียนไปอธิบาย
เหตกุารณ์ในชีวิตประจ าวนัได้ 

     

14 กิจกรรมการเรียนการสอนมคีวามสอดคล้องกบัชีวติประจ าวนั      
15 นกัเรียนรู้สกึเครียดเมื่อต้องออกมาน าเสนอผลงานหน้าห้องเรียน      
16 นกัเรียนมีโอกาสได้ร่วมแสดงความคิดเห็นอยา่งเต็มที่      
17 การจดัการเรียนรู้มีความหลากหลายนา่สนใจ      
18 ระหวา่งทีเ่รียน นกัเรียนอยากให้เวลาผา่นไปอยา่งรวดเร็ว      
19 นกัเรียนรู้สกึสนกุและมคีวามสขุเมื่อเรียนวิทยาศาสตร์      
20 นกัเรียนรู้สกึเบื่อเมื่อต้องท าการทดลองทางวิทยาศาสตร์      

 
ตอนที่ 2 ให้นกัเรียนแสดงความคิดเห็นเก่ียวกบัปัญหาหรือข้อเสนอแนะในการจดัการเรียนรู้ 
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………… 
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Appendix D 
The Learning Unit 

 
  D.1 The Teachers’ Guideline 
  D.2 The Instructional Plans 
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D.1 The Teachers’ Guidline 
 
 
 
 
 
 
 
 
 
 
 
 
 

แนวทางการใช้ 
รูปแบบการเรียนการสอนวทิยาศาสตร์ที่เน้นวธีิการสอนโดยใช้บริบท 
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สภาพปัญหาและความส าคัญ 
เป้าหมายของการจดัการเรียนการสอนวิทยาศาสตร์ในปัจจบุนัมุ่งเน้นให้ผู้ เรียนมีความรู้ความ

เข้าใจหลกัการและทฤษฎีพืน้ฐานทางวิทยาศาสตร์ มีความสามารถในการคิด มีทกัษะกระบวนการทาง
วิทยาศาสตร์ มีเจตคติท่ีดีต่อวิทยาศาสตร์ รวมทัง้สามารถน าความรู้ท่ีได้รับไปประยุกต์ใช้ใน
ชีวิตประจ าวนัได้ อย่างไรก็ตาม ผลการประเมินของหน่วยงานทางการศกึษาตา่งๆ แสดงให้เห็นว่าการ
จัดการเรียนการสอนวิทยาศาสตร์ยังไม่สามารถท าให้ผู้ เรียนบรรลุเป้าหมายท่ีตัง้ไว้ เช่น นักเรียนมี
ผลสมัฤทธ์ิทางการเรียนต ่ากว่าเกณฑ์ ความสามารถในการคิดต ่ากว่ามาตรฐาน โดยเฉพาะการคิด
วิเคราะห์ นกัเรียนมีเจตคติท่ีไม่ดีตอ่วิทยาศาสตร์ รวมทัง้ไม่สามารถน าความรู้ท่ีได้รับไปประยกุต์ใช้ใน
ชีวิตประจ าวนัได้ ซึง่เป็นผลเน่ืองมาจากการจดัการเรียนการสอนวิทยาศาสตร์ในปัจจบุนัผู้ เรียนมกัเรียน
แบบท่องจ าจากต าราหรือสิ่งท่ีผู้ สอนอธิบายในชัน้เรียน ท าให้ไม่เกิดความเข้าใจท่ีแท้จริงและไม่
สามารถประยกุต์ใช้ความรู้ได้ ดงันัน้จึงควรปรับเปล่ียนรูปแบบการเรียนการสอนวิทยาศาสตร์ โดยเน้น
การจดักิจกรรมการเรียนรู้ให้สอดคล้องกบัเหตกุารณ์ในชีวิตประจ าวนัหรือประสบการณ์เดิมของผู้ เรียน 
เพ่ือให้ผู้ เรียนได้พัฒนาความรู้ความเข้าใจหลักการและทฤษฎีพืน้ฐานทางวิทยาศาสตร์ด้วยตนเอง 
รวมทัง้เปิดโอกาสให้ผู้ เรียนได้น าความรู้ท่ีได้รับไปอธิบายเหตกุารณ์อ่ืน ๆ ในชีวิตประจ าวนั ควบคูไ่ปกบั
การพฒันาความสามารถในการคดิด้วย 
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แนวคิดพืน้ฐาน 
 การเรียนรู้ท่ีมีประสิทธิภาพจะเกิดขึน้เม่ือผู้ เรียนมีความรู้พืน้ฐานหรือประสบการณ์เดิมในเร่ือง
นัน้ๆ มาบ้างแล้ว การจดัประสบการณ์ให้ผู้ เรียนได้เรียนรู้เร่ืองใหม่ต้องมีการเช่ือมโยงกบัความรู้เดิมท่ีมี
อยู่ ดงันัน้การจดัการเรียนรู้ให้กับผู้ เรียนควรน าเหตกุารณ์ในชีวิตประจ าวนั หรือประสบการณ์เดิมของ
นกัเรียนมาเป็นประเด็นเร่ิมต้นในการเรียนรู้ เพ่ือช่วยให้ผู้ เรียนเกิดการเรียนรู้ได้ดีขึน้ รวมทัง้กระตุ้น
ความสนใจของผู้ เรียนด้วย 
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จุดมุ่งหมายของการจัดการเรียนรู้ 
 การจดัการเรียนรู้ตามรูปแบบ ฯ มีจดุมุง่หมายหลกัดงันี ้

1. เพ่ือให้นกัเรียนมีความรู้ความเข้าใจในหลกัการและทฤษฎีพืน้ฐานทางวิทยาศาสตร์ 
2. เพ่ือสง่เสริมให้นกัเรียนพฒันาการคดิวิเคราะห์ตามแนวคิดของมาร์ซาโน 5 ด้าน คือ การจบัคู ่

(Matching) การจดัหมวดหมู ่(Classifying) การวิเคราะห์ข้อผิดพลาด (Error Analysis) การ
สรุปหลกัการทัว่ไป (Generalizing) และการประยกุต์ (Specifying) 

3. เพ่ือสง่เสริมให้นกัเรียนน าความรู้ความเข้าใจในหลกัการและทฤษฎีพืน้ฐานทางวิทยาศาสตร์ 
ไปประยกุต์ใช้ในชีวิตประจ าวนั 

4. เพ่ือสง่เสริมให้นกัเรียนมีเจตคติท่ีดีตอ่วิทยาศาสตร์ 
5. เพ่ือให้นกัเรียนตระหนกัถึงความสมัพนัธ์ระหวา่งวิทยาศาสตร์และชีวิตประจ าวนั 
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รูปแบบการจัดการเรียนการสอนวิทยาศาสตร์ที่เน้นวิธีการสอนโดยใช้บริบท 
รูปแบบ ฯ นีเ้ป็นการจัดการเรียนรู้ท่ีเช่ือมโยงความรู้ทางวิทยาศาสตร์เข้ากับเหตุการณ์ใน

ชีวิตประจ าวันหรือสถานการณ์ต่าง ๆ ท่ีสอดคล้องกับประสบการณ์เดิมของนักเรียน โดยในแต่ละ
ขัน้ตอนจะสอดแทรกกิจกรรมท่ีพฒันาการคิดวิเคราะห์ของนกัเรียนตามแนวคิดของมาร์ซาโน มุ่งเน้นท่ี
จะส่งเสริมให้นกัเรียนมีความเข้าใจมโนมติทางวิทยาศาสตร์ มีทกัษะในการคิดวิเคราะห์ และสามารถ
น าความรู้ความเข้าใจทางวิทยาศาสตร์ไปประยกุต์ใช้ในชีวิตประจ าวนัได้ ประกอบด้วย 5 ขัน้ตอน ดงันี ้
ข้ันท่ี 1: มุ่งความสนใจ (Focusing) 
 ขัน้ตอนนีมี้จดุมุ่งหมายเพ่ือกระตุ้นความสนใจและตรวจสอบความรู้พืน้ฐานของนกัเรียน โดย
ครูน าเสนอเหตกุารณ์ในชีวิตประจ าวนัหรือสถานการณ์ต่าง ๆ ท่ีสอดคล้องกับประสบการณ์เดิมของ
นกัเรียน พร้อมทัง้ตัง้ประเด็นค าถามเพ่ือกระตุ้นให้นักเรียนร่วมกันอภิปรายและแสดงความคิดเห็น
เก่ียวกับเหตุการณ์ดังกล่าว นักเรียนเปรียบเทียบพร้อมจัดกลุ่มค าตอบให้อยู่ในหมวดหมู่ ท่ีมี
ความหมาย เม่ือจบขัน้ตอนนีค้ าตอบของนกัเรียนจะไม่ถกูตดัสินว่าถูกหรือผิด แต่จะเป็นประเด็นเพ่ือ
น าไปสูก่ารส ารวจตรวจสอบตอ่ไป 
ข้ันท่ี 2: ส ารวจตรวจสอบ (Exploring) 
 ขัน้ตอนนีมี้จดุมุง่หมายเพ่ือให้นกัเรียนได้มีโอกาสศกึษาค้นคว้าหรือลงมือปฏิบตัิผ่านกิจกรรมท่ี
มีความสอดคล้องกบัเหตกุารณ์ท่ีน าเสนอในขัน้ตอนแรก นกัเรียนจะแยกเป็นกลุ่มและท ากิจกรรมหรือ
การทดลองท่ีสอดคล้องกบัเหตกุารณ์ท่ีครูน าเสนอ เพ่ือหาค าตอบของประเด็นค าถามท่ีร่วมกนัอภิปราย 
โดยครูคอยแนะน าและอ านวยความสะดวกในระหว่างท่ีนักเรียนท ากิจกรรมพร้อมทัง้ตรวจสอบว่า
นกัเรียนได้ข้อมลูครบถ้วนส าหรับใช้ในขัน้ตอนตอ่ไป 
ข้ันท่ี 3: วิเคราะห์ข้อมูล (Analyzing) 
 จุดมุ่งหมายของขัน้ตอนนีเ้น้นให้นักเรียนวิเคราะห์ข้อมูลและสร้างองค์ความรู้ด้วยตนเอง 
นกัเรียนวิเคราะห์ข้อมูลและหาความสมัพนัธ์ของข้อมูลท่ีได้จากการท ากิจกรรมโดยการตอบค าถาม
ท้ายกิจกรรมและสร้างองค์ความรู้โดยการสรุปผลของกิจกรรมท่ีได้ท า พร้อมทัง้น าเสนอแลกเปล่ียนข้อ
ค้นพบต่าง ๆ กับเพ่ือนร่วมชัน้ โดยครูคอยแนะน าและอ านวยความสะดวกในระหว่างท่ีนักเรียนท า
กิจกรรม 
ข้ันท่ี 4: พัฒนาแนวความคิด (Conceptual Developing) 
 ขัน้ตอนนีมี้จุดมุ่งหมายเพ่ือสร้างความเข้าใจมโนมติท่ีถูกต้องเก่ียวกับเนือ้หานัน้ ๆ โดยครูน า
อภิปรายข้อค้นพบตา่งๆ ท่ีนกัเรียนน าเสนอและร่วมกนัสรุปเพ่ือให้ได้แนวความคิดท่ีถกูต้องพร้อมแก้ไข
ความเข้าใจท่ีคลาดเคล่ือนของนกัเรียน นกัเรียนศกึษาเพิ่มเตมิจากใบความรู้หรือแหล่งเรียนรู้อ่ืน ๆ แล้ว
ร่วมกนัอภิปรายเหตกุารณ์ในขัน้ตอนแรกโดยใช้องค์ความรู้ท่ีได้พฒันาขึน้  
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ข้ันท่ี 5: ประยุกต์ใช้ (Applying) 
 ขัน้ตอนนีมี้จุดมุ่งหมายเพ่ือให้นักเรียนน าความรู้ท่ีได้ไปอธิบายเหตุการณ์ใหม่ โดยครูน า
อภิปรายการน าความรู้ท่ีได้ไปใช้ในชีวิตประจ าวัน จากนัน้นักเรียนแต่ละกลุ่มระดมความคิดเพ่ือ
ยกตวัอยา่งเหตกุารณ์อ่ืนพร้อมอธิบายเหตกุารณ์เหลา่นัน้โดยใช้ความรู้ท่ีได้พฒันาขึน้ แล้วน าเสนอหน้า
ชัน้เรียน โดยเพ่ือนนกัเรียนกลุ่มอ่ืนร่วมกนัวิเคราะห์ความถูกต้องของเหตกุารณ์และเหตผุลท่ีใช้ในการ
อธิบาย 
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การคิดวิเคราะห์ 
 การคดิวิเคราะห์ เป็นพืน้ฐานท่ีส าคญัของการเรียนรู้และการด ารงชีวิต รวมทัง้เป็นพืน้ฐานของ
การคิดประเภทอ่ืนเช่น การคิดแก้ปัญหา การคิดอย่างมีวิจารณญาณ ฯลฯ รูปแบบ ฯ นีมุ้่งเน้นท่ีจะ
พฒันาการคดิวิเคราะห์ตามแนวคดิของมาร์ซาโน 5 ด้าน ดงันี ้

1. การจับคู่ (Matching) หมายถึง การเปรียบเทียบหรือระบคุวามเหมือนความแตกตา่งของ
ข้อมลู ความรู้หรือเหตกุารณ์ตา่ง ๆ อยา่งมีหลกัเกณฑ์ 

2. การจัดหมวดหมู่ (Classifying) หมายถึง การประมวลความรู้ เพ่ือจดักลุ่ม หรือจดัล าดบั
ชัน้ของข้อมูล ความรู้หรือเหตกุารณ์ตา่ง ๆ ตามคณุสมบตัิท่ีเหมือนกนัอย่างมีความหมาย
และมีหลักเกณฑ์ รวมทัง้ระบุล าดับชัน้ท่ี เหนือกว่าหรือต ่ากว่าของข้อมูล ความรู้หรือ
เหตกุารณ์ตา่ง ๆ ได้อยา่งมีความหมาย  

3. การวิเคราะห์ข้อผิดพลาด (Error Analysis) หมายถึง การประเมินความถกูต้อง และ
การตัดสินความน่าเช่ือถือของข้อมูล ความรู้หรือเหตุการณ์ต่าง ๆ รวมทัง้การระบุ
ข้อผิดพลาดในการให้เหตผุลบนพืน้ฐานของความถกูต้อง 

4. การสรุปหลักการทั่ วไป (Generalizing) หมายถึง การสร้างข้อสรุปจากข้อมูลหรือ
เหตกุารณ์เฉพาะท่ีได้จากการสงัเกตและศกึษาค้นคว้า  

5. การประยุกต์ (Specifying) หมายถึง การน าความรู้หรือหลักการท่ีสรุปไว้แล้วไปใช้
อธิบายเหตุการณ์ใหม่ รวมทัง้ท านายสิ่งท่ีจะเกิดขึน้จากสถานการณ์ท่ีก าหนดให้บน
พืน้ฐานของความรู้ความเข้าใจ 
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การเตรียมความพร้อม 
 การจดัการเรียนรู้ตามรูปแบบ ฯ นีป้ระกอบด้วยหนว่ยการเรียนรู้ท่ีออกแบบส่ือและวสัดอุปุกรณ์
ท่ีใช้ในหนว่ยการเรียนรู้ และเคร่ืองมือท่ีเก่ียวข้องกบัการวดัและประเมินผลไว้ให้ผู้สอนสามารถน าไปใช้
ได้ทนัที หรืออาจน าไปปรับปรุงและเพิ่มเติมได้ตามความเหมาะสม เพ่ือเป็นประโยชน์ต่อการจดัการ
เรียนรู้มากท่ีสดุ ผู้สอนควรเตรียมความพร้อมดงันี ้
 การเตรียมส่ือการเรียนรู้ 
 การจดัการเรียนรู้ตามรูปแบบ ฯ นีมุ้่งเน้นให้ผู้ เรียนได้เรียนรู้ และลงมือท ากิจกรรมตา่ง ๆ ด้วย
ตนเอง โดยมีแผนการจดัการเรียนรู้เพ่ือเป็นแนวทางส าหรับผู้สอน ดงันัน้ผู้สอนจึงควรเตรียมส่ือและ
วสัดอุปุกรณ์ตา่งๆ ให้พร้อมและมีจ านวนเพียงพอส าหรับผู้ เรียนก่อนน าไปใช้ นอกจากนีผู้้สอนควรท า
ความเข้าใจแผนการจัดการเรียนรู้อย่างละเอียดและชัดเจน พร้อมทัง้จัดเตรียมใบกิจกรรมและใบ
ความรู้ให้พร้อมแจกกบัผู้ เรียน 
 การเตรียมเคร่ืองมือการวัดและประเมินผล 
 ผู้สอนต้องตระหนกัว่าการจดัการเรียนรู้และการวดัและประเมินผลเป็นกระบวนการเดียวกัน 
จ าเป็นต้องด าเนินการอย่างต่อเน่ือง และเพ่ือให้การวดัและประเมินผลได้สะท้อนความสามารถของ
ผู้ เรียนอย่างแท้จริง ผลการประเมินควรได้มาจากแหล่งข้อมลูและวิธีการท่ีหลากหลาย เช่น การสงัเกต 
แบบบนัทกึการเรียนรู้ของผู้ เรียน แบบทดสอบตา่งๆ เป็นต้น 
 ดังนัน้ผู้ สอนควรเตรียมศึกษาวิธีการวัดและประเมินผลดังกล่าว เพ่ือการเก็บข้อมูลอย่าง
ตรงไปตรงมา และน าไปสูก่ารแปลผลและลงข้อสรุปท่ีสมเหตสุมผล 
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แนวปฏบิัตขิองการจัดการเรียนการสอน 
การใช้รูปแบบ ฯ เพ่ือส่งเสริมความเข้าใจมโนมติ การคิดวิเคราะห์ตามแนวคิดของมาร์ซาโน 

และการน าความรู้ไปใช้ มีแนวปฏิบตัดิงันี ้
 1.  ผู้ใช้รูปแบบ ฯ: รูปแบบการเรียนการสอนวิทยาศาสตร์ท่ีพฒันาขึน้นี ้เป็นการจดัการเรียนรู้ท่ี
เช่ือมโยงความรู้ทางวิทยาศาสตร์เข้ากับเหตุการณ์ต่างๆ ในชีวิตประจ าวัน สถานการณ์ต่างๆ หรือ
ประสบการณ์เดิมของนักเรียน เพ่ือส่งเสริมให้ผู้ เรียนมีความเข้าใจมโนมติทางวิทยาศาสตร์ การคิด
วิเคราะห์ และการน าความรู้ไปใช้ประโยชน์ในชีวิตประจ าวนั ผู้สอนสามารถศกึษาท าความเข้าใจและ
ปฏิบตัติามได้โดยง่ายจากคูมื่อครูประกอบการสอน 
 2.  กลุม่เป้าหมาย: นกัเรียนท่ีเป็นกลุ่มเป้าหมายของรูปแบบ ฯ นีคื้อ นกัเรียนชัน้มธัยมศกึษาปี
ท่ี 3 ท่ีเรียนรู้เนือ้หาในหน่วยการเรียนรู้เร่ือง แรงและการเคล่ือนท่ีในชีวิตประจ าวนั แต่ผู้สอนสามารถ
น าไปประยกุต์ใช้กบันกัเรียนในระดบัชัน้อ่ืนได้ตามความเหมาะสม 
 3.  ระยะเวลาในการจดัการเรียนรู้โดยใช้รูปแบบการเรียนการสอนนีคื้อ 22 คาบ 
 4.  รูปแบบ ฯ นีใ้ช้ควบคูก่บัคูมื่อครูและคูมื่อนกัเรียนประกอบการเรียนรู้ หน่วยการเรียนรู้เร่ือง 
แรงและการเคล่ือนท่ีในชีวิตประจ าวนั พร้อมทัง้แนวทางการวดัและประเมินผล 
 5.  เพ่ือให้การใช้รูปแบบ ฯ นีป้ระสบความส าเร็จสงูสดุ ผู้สอนจ าเป็นอย่างยิ่งท่ีจะต้องศกึษา
กระบวนการจดัการเรียนรู้ตามรูปแบบ ฯ นีใ้ห้ละเอียดก่อนการด าเนินการ ดงันี ้

- ศกึษาคูมื่อครูวา่รูปแบบการเรียนการสอนนีป้ระกอบด้วยเอกสารอะไรบ้าง 
- ศกึษาเนือ้หาในเอกสารให้เข้าใจอยา่งถ่องแท้ก่อนด าเนินการใช้ 
- จดัเตรียมอปุกรณ์ประกอบการเรียนการสอนท่ีเสนอแนะให้พร้อมก่อนการใช้ 

หมายเหต ุ การจัดการเรียนรู้ตามรูปแบบ ฯ นีใ้ช้แผนการจัดการเรียนรู้เป็นแนวทางในการจัด
กิจกรรมการเรียนรู้วิทยาศาสตร์ ซึ่งในการน าไปใช้จริงนัน้อาจมีการปรับเปล่ียนให้เกิดความเหมาะสม 
ทัง้ในเร่ืองของเวลาและรายละเอียดของเนือ้หาสาระให้มีความสอดคล้องกบัความต้องการและความ
สนใจของผู้ เรียนได้ 
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บทบาทผู้สอน 
ผู้สอนในฐานะผู้อ านวยความสะดวกให้ผู้ เรียนในระหวา่งการแสวงหาความรู้ ผู้สอนควรเข้าใจ

บทบาทของตนเอง โดยด าเนินการดงันี ้
1. จดักิจกรรมการเรียนรู้วิทยาศาสตร์ ท่ีผสมผสานให้ผู้ เรียนได้พฒันาความรู้ควบคูก่บัการ

ปฏิบตัจิริง โดยเน้นกระบวนการเรียนรู้ การคิด และกระบวนการกลุม่ 
2. สง่เสริมให้ผู้ เรียนเกิดการเรียนรู้ แลกเปล่ียนความรู้หรือประสบการณ์ซึง่กนัและกนั ระดม

สมอง อภิปรายกลุม่ และส่ือสารร่วมกนัอยา่งมีประสิทธิภาพ โดยลดการถ่ายทอดความรู้
จากผู้สอนให้น้อยลง 

3. ใช้ค าถามกระตุ้นให้ผู้ เรียนเกิดการเรียนรู้และมีความเข้าใจในเร่ืองท่ีก าลงัเรียนรู้ 
4. รับฟังความคดิเห็นของผู้ เรียนและให้ความส าคญัตอ่การแสดงความคิดเห็นของผู้ เรียน 
5. สงัเกตความสนใจและความถนดัของผู้ เรียน เพ่ือจะได้จดักิจกรรมให้ตรงตามความสนใจ

และความถนดันัน้ 
6. ใช้ลีลาการสอนท่ีสนกุ ไมน่า่เบื่อ และตอบสนองความสนใจใคร่รู้ของผู้ เรียน 
7. อธิบายการท ากิจกรรมให้ผู้ เรียนเข้าใจอยา่งชดัเจน ด้วยภาษาท่ีนุม่นวล จงูใจ ให้ก าลังใจ

และเป็นไปในเชิงสร้างสรรค์ 
8. แนะน าการท ากิจกรรมของผู้ เรียนให้ถกูต้องพร้อมทัง้อ านวยความสะดวกเพ่ือให้ผู้ เรียนเกิด

การเรียนรู้จากการท ากิจกรรม 
9. ชว่ยผู้ เรียนสรุปสาระส าคญัท่ีเรียนรู้เม่ือผู้ เรียนท ากิจกรรมสิน้สดุลง 
10. แบง่ผู้ เรียนให้ท ากิจกรรมเป็นกลุม่ยอ่ยไมเ่กิน 5 คน โดยมีการคละความสามารถและเพศ 
11. กลา่วชมเชยหรือให้รางวลัเม่ือผู้ เรียนตอบค าถามหรือร่วมท ากิจกรรมได้ถกูต้อง เพื่อเป็น

การสร้างแรงจงูใจและเป็นก าลงัใจในแก่ผู้ เรียน 
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บทบาทผู้เรียน 
ผู้ เรียนในฐานนะผู้แสวงหาความรู้ และพฒันาตนเองนัน้ ผู้สอนควรชีแ้นะให้ผู้ เรียนเข้าใจ

บทบาทของตน โดยควรสง่เสริมให้ผู้ เรียนฝึกฝนและด าเนินการในเร่ืองตอ่ไปนี ้
1. ศกึษาค้นคว้าด้วยตนเองจากแหลง่เรียนรู้ตา่งๆ เชน่ การอ่านหนงัสือ ดโูทรทศัน์ แหลง่

ความรู้ในชมุชน และอินเตอร์เน็ต เป็นต้น 
2. ลงมือปฏิบตัจิริง สรุปสิ่งท่ีได้เรียนรู้ด้วยตนเอง ตอบค าถาม ท าการทดลอง ท ากิจกรรม ท า

แบบฝึกหดั เป็นรายบคุคลและรายกลุม่ รวมทัง้แลกเปล่ียนความคิดเห็นกบัเพ่ือน ๆ 
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มาตรฐานการเรียนรู้และตัวชีวั้ด 
หนว่ยการเรียนรู้เร่ือง แรงและการเคล่ือนท่ีในชีวิตประจ าวนั เป็นหน่วยการเรียนรู้ท่ีมีเนือ้หาอยู่

ในสาระท่ี 4: แรงและการเคล่ือนท่ี ซึ่งเป็นส่วนหนึ่งของกลุ่มสาระการเรียนรู้วิทยาศาสตร์ในระดบั
มัธยมศึกษาปีท่ี 3 ตามหลักสูตรแกนกลางการศึกษาขัน้พืน้ฐาน พุทธศักราช 2551 ประกอบด้วย
มาตรฐานการเรียนรู้และตวัชีว้ดั ดงันี ้
 
มาตรฐาน ว 4.1 เข้าใจธรรมชาตขิองแรงแมเ่หล็กไฟฟ้า แรงโน้มถ่วง และแรงนิวเคลียร์ มี

กระบวนการสืบเสาะหาความรู้ ส่ือสารสิ่งท่ีเรียนรู้และน าความรู้ไปใช้
ประโยชน์อยา่งถกูต้องและมีคณุธรรม 

ตัวชีวั้ด 
ว 4.1 ม. 3/1 อธิบายความเร่งและผลของแรงลพัธ์ท่ีท าตอ่วตัถุ 
ว 4.1 ม. 3/2 ทดลองและอธิบายแรงกิริยาและแรงปฏิกิริยาระหวา่งวตัถแุละน าความรู้ไป 

ใช้ประโยชน์ 
ว 4.1 ม. 3/3 ทดลองและอธิบายแรงพยงุของของเหลวท่ีกระท าตอ่วตัถุ 

 
มาตรฐาน ว 4.2:  เข้าใจลกัษณะการเคล่ือนท่ีแบบตา่ง ๆ ของวตัถใุนธรรมชาต ิมีกระบวนการ

สืบเสาะหาความรู้และจิตวิทยาศาสตร์ ส่ือสารสิ่งท่ีเรียนรู้และน าความรู้ไปใช้
ประโยชน์ 

ตัวชีวั้ด 
ว 4.2 ม. 3/1 ทดลองและอธิบายความแตกตา่งระหว่างแรงเสียดทานสถิตกบัแรงเสียดทาน 

จลน์ และน าความรู้ไปใช้ประโยชน์ 
ว 4.2 ม. 3/2 ทดลองและวิเคราะห์โมเมนต์ของแรง และน าความรู้ไปใช้ประโยชน์ 
ว 4.2 ม. 3/3 สงัเกตและอธิบายการเคล่ือนท่ีของวตัถท่ีุเป็นแนวตรงและแนวโค้ง 
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เป้าหมายของการจัดการเรียนรู้ 
หน่วยการเรียนรู้เร่ือง แรงและการเคล่ือนที่ในชีวิตประจ าวัน 

 การจดัการเรียนรู้ตามรูปแบบ ฯ หนว่ยการเรียนรู้เร่ือง แรงและการเคล่ือนท่ีในชีวิตประจ าวนั มี
เป้าหมายส าคญัดงันี ้

1. เพ่ือให้นกัเรียนมีความรู้ความเข้าใจในหลกัการและทฤษฎีพืน้ฐานเร่ือง ความเร่งและผลของ
แรงลพัธ์ แรงกิริยาและแรงปฏิกิริยา แรงเสียดทาน โมเมนต์ของแรง แรงพยงุของของเหลว และ
การเคล่ือนท่ีแบบตา่ง ๆ 

2. เพ่ือสง่เสริมให้นกัเรียนพฒันาการคดิวิเคราะห์ 5 ด้าน คือ การจบัคู ่(Matching) การจดั
หมวดหมู ่(Classifying) การวิเคราะห์ข้อผิดพลาด (Error Analysis) การสรุปหลกัการทัว่ไป 
(Generalizing) และการประยกุต์ (Specifying) 

3. เพ่ือสง่เสริมให้นกัเรียนพฒันาการน าความรู้เร่ือง ความเร่ง ผลของแรงลพัธ์ท่ีกระท าตอ่วตัถ ุ
แรงกิริยาและแรงปฏิกิริยา แรงเสียดทาน โมเมนต์ของแรง แรงพยงุของของเหลว และการ
เคล่ือนท่ีแบบตา่ง ๆ ไปใช้ประโยชน์ในชีวิตประจ าวนั 

4. เพ่ือสง่เสริมให้นกัเรียนมีเจตคตท่ีิดีตอ่วิทยาศาสตร์ 
5. เพ่ือให้นกัเรียนตระหนกัถึงความสมัพนัธ์ระหวา่งวิทยาศาสตร์และชีวิตประจ าวนั 
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ผังมโนมต ิ
หน่วยการเรียนรู้เร่ือง แรงและการเคล่ือนที่ในชีวิตประจ าวัน 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

แรงและการเคล่ือนที่
ในชีวิตประจ าวัน 

ความเร่งและผลของแรงลัพธ์ 

การเคล่ือนท่ีแบบต่างๆ แรงกิริยาและแรงปฏิกิริยา 

แรงพยุงของของเหลว แรงเสียดทาน 

โมเมนต์ของแรง 
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ผลการเรียนรู้ที่คาดหวัง 
1. ส ารวจตรวจสอบ อธิบายและค านวณหาความเร่งของวตัถไุด้ 
2. อธิบายและสรุปความสมัพนัธ์ของความเร่งและแรงลพัธ์ท่ีกระท าตอ่วตัถไุด้ 
3. น าความรู้เร่ืองความเร่งและผลของแรงลพัธ์ไปใช้ในชีวิตประจ าวนัได้ 
4. วิเคราะห์ อธิบายและสรุปความสมัพนัธ์ของแรงกิริยาและแรงปฏิกิริยาได้ 
5. น าความรู้เร่ืองแรงกิริยาและแรงปฏิกิริยาไปอธิบายเหตกุารณ์ในชีวิตประจ าวนัได้ 
6. อธิบายและเปรียบเทียบความแตกตา่งของแรงเสียดทานสถิตและแรงเสียดทานจลน์ได้ 
7. ทดลองและสรุปปัจจยัท่ีมีผลตอ่แรงเสียดทานได้ 
8. น าความรู้เร่ืองแรงเสียดทานไปใช้ประโยชน์ในชีวิตประจ าวนัได้ 
9. ทดลองและสรุปหลกัการของโมเมนต์ของแรงได้ 
10. วิเคราะห์และค านวณหาโมเมนต์ของแรงจากสถานการณ์ตา่ง ๆ ได้ 
11. อธิบายและยกตวัอยา่งการน าหลกัการของโมเมนต์ไปใช้ประโยชน์ในชีวิตประจ าวนัได้ 
12. จ าแนกและจดัหมวดหมูอ่ปุกรณ์ท่ีน าความรู้เร่ืองโมเมนต์ไปใช้ประโยชน์ได้ 
13. สรุปความสมัพนัธ์ระหวา่งแรงพยงุกบัน า้หนกัท่ีหายไปของวตัถแุละค านวณหาแรงพยงุได้ 
14. จ าแนกและจดัหมวดหมูล่กัษณะการจมในของเหลวของวตัถไุด้ 
15. น าความรู้เร่ืองแรงพยงุไปใช้ในชีวิตประจ าวนัได้ 
16. ส ารวจตรวจสอบ อธิบาย จ าแนกและจดัหมวดหมู่การเคล่ือนท่ีแบบตา่ง ๆ ในชีวิตประจ าวนัได้ 
17. น าความรู้เร่ืองการเคล่ือนท่ีแบบตา่งๆ ไปใช้ประโยชน์ในชีวิตประจ าวนัได้ 
18. ประเมินเหตกุารณ์ท่ีเพ่ือนยกตวัอยา่งได้อยา่งถกูต้องและมีเหตผุล 
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แผนการด าเนินการจัดการเรียนรู้ 
กลุม่สาระการเรียนรู้วิทยาศาสตร์      ชัน้มธัยมศกึษาปีที่ 3 
หน่วยการเรียนรู้เร่ือง แรงและการเคลือ่นที่ในชีวิตประจ าวนั   ภาคเรียนที่ 1/2554 
สปัดาห์ที ่ เนือ้หา จ านวนคาบ งานที่มอบหมาย 

1 ปฐมนิเทศและท าการทดสอบ
ก่อนเรียน 

2 - แบบทดสอบวดัความเข้าใจมโนมติ 
- แบบทดสอบวดัการคดิวิเคราะห์ 

- แบบทดสอบวดัการน าความรู้ไปใช้ 

2 แผนการจดัการเรียนรู้ที่ 1 เร่ือง 
ความเร่งและผลของแรงลพัธ์ 

2 - กิจกรรมที่ 1.1 “แลน่เร็วหรือแลน่ช้า” 
- กิจกรรมที่ 1.2 “การเปลี่ยนแปลงความเร็ว” 
- กิจกรรมที่ 1.3 “แบบฝึกหดั” 

3 แผนการจดัการเรียนรู้ที่ 2 เร่ือง 
แรงกิริยาและแรงปฏิกิริยา 

3 - กิจกรรมที่ 2.1 “เก้าอีล้้อเลื่อน” 
- กิจกรรมที่ 2.2 “เคร่ืองชัง่สปริง” 
- กิจกรรมที่ 2.3 “รถลกูโป่ง” 
- กิจกรรมที่ 2.4 “แบบฝึกหดั” 

4 แผนการจดัการเรียนรู้ที่ 3 เร่ือง 
แรงเสียดทาน 

3 - กิจกรรมที่ 3.1 “ชนิดของแรงเสียดทาน” 
- กิจกรรมที่ 3.2 “ปัจจยัที่มีผลตอ่แรงเสียดทาน” 
- กิจกรรมที่ 3.3 “แบบฝึกหดั” 

5 แผนการจดัการเรียนรู้ที่ 4 เร่ือง 
โมเมนต์ของแรง 

3 - กิจกรรมที่ 4.1 “การเคลื่อนที่ของหนงัสือ” 
- กิจกรรมที่ 4.2 “สมดลุของคาน” 
- กิจกรรมที่ 4.3 “อปุกรณ์ในชีวิตประจ าวนั” 
- กิจกรรมที่ 4.3 “แบบฝึกหดั” 

6 แผนการจดัการเรียนรู้ที่ 5 เร่ือง 
แรงพยงุของของเหลว 

3 - กิจกรรมที่ 5.1 “แรงพยงุของของเหลว” 
- กิจกรรมที่ 5.2 “จมหรือลอย” 
- กิจกรรมที่ 5.3 “แบบฝึกหดั” 

7 แผนการจดัการเรียนรู้ที่ 6 เร่ือง 
การเคลื่อนที่แบบตา่งๆ 

2 - กิจกรรมที่ 6.1 “การเคลื่อนที่ในชีวิตประจ าวนั” 
- กิจกรรมที่ 6.2 “การเคลื่อนที่แบบตา่ง ๆ” 
- กิจกรรมที่ 6.3 “แบบฝึกหดั” 

8 ท าการทดสอบหลงัเรียน 3 - แบบทดสอบวดัความเข้าใจมโนมติ 
- แบบทดสอบวดัการคดิวิเคราะห์ 

- แบบทดสอบวดัการน าความรู้ไปใช้ 
- แบบสอบถามความคิดเห็นของนกัเรียนที่มีตอ่รูปแบบ ฯ 

 รวม 21  
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D.2 The Instructional Plans 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

แผนการจัดการเรียนรู้ 
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แผนการจัดการเรียนรู้ท่ี 1 
กลุม่สาระการเรียนรู้วิทยาศาสตร์             ชัน้มธัยมศกึษาปีท่ี 3 
หนว่ยการเรียนรู้เร่ือง แรงและการเคล่ือนท่ีในชีวิตประจ าวนั            ภาคเรียนท่ี 1/2554 
เร่ือง ความเร่งและผลของแรงลพัธ์          เวลา 2 ชัว่โมง 
 
มาตรฐานการเรียนรู้ 
 มาตรฐาน ว 4.1: เข้าใจธรรมชาติของแรงแม่เหล็กไฟฟ้า แรงโน้มถ่วง และแรงนิวเคลียร์ มี
กระบวนการสืบเสาะหาความรู้ ส่ือสารสิ่งท่ีเรียนรู้และน าความรู้ไปใช้ประโยชน์อย่างถูกต้องและมี
คณุธรรม 
ตัวชีวั้ด 
 ว 4.1 ม.3/1 อธิบายความเร่งและผลของแรงลพัธ์ท่ีท าตอ่วตัถ ุ
สาระส าคัญ 
 เม่ือวตัถเุคล่ือนท่ีด้วยความเร็วท่ีเปล่ียนแปลงไปในหนึ่งหน่วยเวลาแสดงว่าวตัถมีุการเคล่ือนท่ี
ด้วยความเร่ง โดยการเปล่ียนความเร็วอาจเปล่ียนขนาด เปล่ียนทิศทาง หรือเปล่ียนทัง้ขนาดและ
ทิศทาง วตัถจุะเคล่ือนท่ีด้วยความเร่งเม่ือมีแรงลพัธ์ท่ีไมเ่ทา่กบัศนูย์มากระท า แตถ้่ามีแรงลพัธ์ท่ีเท่ากบั
ศนูย์มากระท าตอ่วตัถ ุวตัถจุะหยดุนิ่งหรือเคล่ือนท่ีด้วยความเร็วคงท่ี  
 การศกึษาเก่ียวกบัความเร่งและผลของแรงลพัธ์ท่ีกระท ากบัวตัถสุามารถน าไปอธิบายลกัษณะ
การเคล่ือนท่ีของวตัถใุนชีวิตประจ าวนัได้ 
จุดประสงค์การเรียนรู้ 
 หลงัจากเรียนจบเร่ืองนีแ้ล้ว นกัเรียนสามารถ 
 1.  ค านวณหาความเร่งของวตัถเุม่ือก าหนดความเร็วของวตัถท่ีุเวลาตา่งๆ ได้ 
 2.  น าความรู้เร่ืองความเร่งและผลของแรงลพัธ์ไปใช้ในชีวิตประจ าวนัได้ 
 3.  ประเมินเหตกุารณ์ท่ีเพ่ือนยกตวัอยา่งได้ถกูต้องและมีเหตผุล 
สาระการเรียนรู้ 
 1.  ความเร่ง 
 2.  แรงลพัธ์ 
 3.  ผลของแรงลพัธ์ 
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กิจกรรมการเรียนรู้ 
ขัน้ท่ี 1: มุง่ความสนใจ (Focusing) 
 1.  ครูกล่าวทกัทายนกัเรียนและใช้สถานการณ์ในการน าเข้าสู่บทเรียน โดยให้นกัเรียนดวีูดี
ทศัน์การแข่งรถ และสังเกตสิ่งท่ีเกิดขึน้ พร้อมทัง้ใช้ค าถามกระตุ้นให้นกัเรียนสงัเกตและแสดงความ
คดิเห็น ในประเดน็ตอ่ไปนี ้เชน่ 
  -  รถแตล่ะคนัเคล่ือนท่ีด้วยระยะทางเทา่กนัหรือไม่ 
  -  รถแตล่ะคนัใช้เวลาในการเคล่ือนท่ีเทา่กนัหรือไม่ 
  -  รถแตล่ะคนัเคล่ือนท่ีด้วยความเร็วเทา่กนัหรือไม่  
  -  รถคนัไหนเคล่ือนท่ีเร็วท่ีสดุและคนัไหนเคล่ือนท่ีช้าท่ีสดุ 
 2.  ครูให้นกัเรียนดวีูดีทศัน์การเคล่ือนท่ีของรถสามคนั (คนัแรกมีความเร็วลดลง คนัท่ีสองมี
ความเร็วคงท่ี และคนัท่ีสามมีความเร็วเพิ่มขึน้) แล้วใช้ค าถามกระตุ้นให้นกัเรียนร่วมกันอภิปรายและ
แสดงความคดิเห็นเก่ียวกบัสิ่งท่ีสงัเกตได้ พร้อมทัง้เปรียบเทียบความเหมือนและความแตกตา่งของการ
เคล่ือนท่ีของรถแตล่ะคนัในประเดน็ตา่งๆ เชน่ ระยะทาง เวลา ความเร็ว เป็นต้น 
 
 
 
 
 3.  นกัเรียนเปรียบเทียบค าตอบของตนเองกบัของเพ่ือน แล้วร่วมกนัสรุปและจดักลุ่มค าตอบ
ทัง้หมดบนกระดานด า ก่อนท าการส ารวจตรวจสอบตอ่ไป 
ขัน้ท่ี 2: ส ารวจตรวจสอบ (Exploring) 
 1.  นกัเรียนแบง่กลุม่ ๆ ละ 3-5 คน 
 2.  นกัเรียนท ากิจกรรมท่ี 1.1 “การเปล่ียนแปลงความเร็ว” พร้อมทัง้บนัทึกผลการสงัเกตใน
ตาราง 
 
 
 
 
 
ขัน้ท่ี 3: วิเคราะห์ข้อมลู (Analyzing) 
 1.  นกัเรียนแตล่ะกลุม่วิเคราะห์ข้อมลูโดยตอบค าถามและสรุปผลของกิจกรรมท่ี 1.1 
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 2.  ตวัแทนนกัเรียนแตล่ะกลุม่น าเสนอผลของกิจกรรมหน้าชัน้เรียน 
ขัน้ท่ี 4: พฒันาแนวความคดิ (Conceptual Developing) 
 1.  ครูและนกัเรียนร่วมกนัอภิปรายเก่ียวกบัข้อสรุปของกิจกรรมท่ี 1.1 เพ่ือให้ได้ข้อสรุปว่า “รถ
คนัท่ี 1 และคนัท่ี 3 มีการเปล่ียนแปลงความเร็ว โดยคนัท่ี 1 มีความเร็วลดลงและคนัท่ี 3 มีความเร็ว
เพิ่มขึน้ สว่นคนัท่ี 2 มีความเร็วคงท่ี” 
 2.  นกัเรียนศกึษาใบความรู้ท่ี 1.1 “ความเร่ง” และใบความรู้ท่ี 1.2 “ผลของแรงลพัธ์” 
 
 
 
 
 
 
 3.  ครูและนกัเรียนร่วมกนัอภิปรายการเคล่ือนท่ีของรถทัง้สามคนัจากขัน้ท่ี 1 เพ่ือให้ได้ข้อสรุป
วา่รถคนัท่ี 1 มีความหนว่ง รถคนัท่ี 2 มีความเร็วคงท่ี และรถคนัท่ี 3 มีความเร่ง 
 ขัน้ท่ี 5: ประยกุต์ใช้ (Applying) 
 1.  ครูน าอภิปรายการน าความรู้เร่ืองความเร่งและผลของแรงลพัธ์ไปใช้ในชีวิตประจ าวนั  
เชน่ การกระโดดร่ม การเหยียบคนัเร่งเพ่ือเพิ่มความเร็วของรถ การเหยียบเบรกเพ่ือลดความเร็วของรถ  
 2.  นกัเรียนแตล่ะกลุ่มยกตวัอย่างเหตกุารณ์ในชีวิตประจ าวนัท่ีน าความรู้เร่ืองความเร่งไปใช้ 
พร้อมอธิบาย โดยเพ่ือนกลุม่อ่ืนร่วมกนัประเมินความถกูต้อง 
 3.  นกัเรียนท ากิจกรรมท่ี 1.2 “แบบฝึกหดั” 
 
 
 
 
 
 
 4.  นกัเรียนท าแบบประเมินตนเองของผู้ เรียน 
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ตารางสรุปทักษะการคิดวิเคราะห์ท่ีพัฒนาในแต่ละขัน้ของกิจกรรมการเรียนรู้ 

 
ส่ือการเรียนรู้ 
 1.  วีดีทศัน์การแขง่รถ    5.  ใบความรู้ท่ี 1.1 “ความเร่ง” 
 2.  วีดีทศัน์การเคล่ือนท่ีของรถสามคนั  6.  ใบความรู้ท่ี 1.2 “ผลของแรงลพัธ์” 
 3.  ใบกิจกรรมท่ี 1.1 “การเปล่ียนแปลงความเร็ว”  7.  แบบประเมินตนเองของผู้ เรียน 
 4.  ใบกิจกรรมท่ี 1.2 “แบบฝึกหดั” 
การวัดและประเมินผลการเรียนรู้ 

ตัวบ่งชี/้ พฤตกิรรม วิธีการวัดและ
ประเมินผล 

เคร่ืองมือวัดและ
ประเมินผล 

เกณฑ์การวัดและ
ประเมินผล 

ค านวณหาความเร่งของวตัถุ
เม่ือก าหนดความเร็วของ
วตัถท่ีุเวลาตา่งๆ ได้ 

ตรวจผลงานจาก
กิจกรรมท่ี 1.2 

แบบประเมิน
กิจกรรมท่ี 1.2 

ร้อยละ 80 

น าความรู้เร่ืองความเร่งและ
ผลของแรงลพัธ์ไปใช้ใน
ชีวิตประจ าวนัได้ 

สงัเกตพฤติกรรม แบบสงัเกต นกัเรียนสามารถยกตวัอย่าง
และอธิบายเหตกุารณ์ใน
ชีวิตประจ าวนัได้ถกูต้อง 

ประเมินเหตกุารณ์ท่ีเพ่ือน
ยกตวัอย่างได้ถกูต้องและมี
เหตผุล 

สงัเกตพฤติกรรม แบบสงัเกต นกัเรียนสามารถประเมิน
เหตกุารณ์ท่ีเพ่ือน
ยกตวัอย่างได้ถกูต้อง 

 
 
 
 
 

กิจกรรมการเรียนรู้ การคิดวิเคราะห์ 
ขัน้ท่ี 1: มุง่ความสนใจ การจบัคู ่การจดัหมวดหมู่ และการสรุป

หลกัการทัว่ไป 
ขัน้ท่ี 2: ส ารวจตรวจสอบ - 
ขัน้ท่ี 3: วิเคราะห์ข้อมลู การสรุปหลกัการทัว่ไป 
ขัน้ท่ี 4: พฒันาแนวความคิด การสรุปหลกัการทัว่ไป 
ขัน้ท่ี 5: ประยกุต์ใช้ การประยกุต์ และการวิเคราะห์ข้อผิดพลาด 
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บันทกึหลังการจัดการเรียนรู้ 
แผนการจดัการเรียนรู้ท่ี…………...เร่ือง………………………………………………………………… 
ชัน้มธัยมศกึษาปีท่ี……………………โรงเรียน…………………………………………………………. 
 
1.  ผลการสอน 
 1.1  ขัน้มุง่ความสนใจ 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
 1.2  ขัน้ส ารวจตรวจสอบ 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
 1.3  ขัน้วิเคราะห์ข้อมลู 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
 1.4  ขัน้พฒันาแนวความคดิ 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
 1.5  ขัน้ประยกุต์ใช้ 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
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2.  ปัญหา หรือ อปุสรรค 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………....
................................................................................................................................................... 
3.  ข้อเสนอแนะ / แนวทางแก้ไข 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 

 
(ลงช่ือ)............................................................ผู้สอน 

    (..............................................................................) 
     ................../................../..................... 
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แบบประเมินตนเองของผู้เรียน 
ช่ือ-นามสกลุ............................................................................ชัน้....................เลขท่ี..................... 
เร่ือง..................................................................วนัท่ี.............เดือน...........................พ.ศ............... 
 
ค าชีแ้จง จงตอบค าถามตอ่ไปนี ้
1.  นกัเรียนได้เรียนรู้เร่ืองอะไรบ้างจากการเรียนในครัง้นี ้
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
2.  นกัเรียนคิดวา่นกัเรียนจะสามารถน าความรู้ไปใช้ในชีวิตประจ าวนัได้อยา่งไร 
……………………………………………………………………………………………………………
……………………………….………………………………………………………………..…………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
3.  นกัเรียนได้มีสว่นร่วมในการท ากิจกรรมในการเรียนอะไรบ้าง อย่างไร 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
4.  นกัเรียนชอบกิจกรรมการเรียนการสอนนีห้รือไม ่เพราะเหตใุด 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
5.  นกัเรียนพบปัญหา หรือ อปุสรรคอะไรบ้างในการเรียนและการท ากิจกรรมการเรียนรู้ในครัง้นี ้
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
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กิจกรรมที่ 1.1 
การเปล่ียนแปลงความเร็ว 

กลุม่ท่ี………………… ชัน้………………… 
1…………………………………...เลขท่ี……… 4…..............................................เลขท่ี……… 
2…………………………………...เลขท่ี……… 5…..............................................เลขท่ี……… 
3…………………………………...เลขท่ี………  
 
ให้นกัเรียนศกึษาข้อมลูแสดงการเคล่ือนท่ีของรถสามคนัท่ีเวลาตา่งๆ 
 
 
 
 
 
 
 
 
 
 
 
 
 

ภาพที่ 1 แสดงการเคลื่อนที่ของรถสามคนั 

ตารางบันทกึผลการสังเกต 

 

 
วินาทีท่ี 

รถคันที่ 1 รถคันที่ 2 รถคันที่ 3 

ระยะทาง 
(cm) 

ความเร็ว 
(cm/s) 

ระยะทาง 
(cm) 

ความเร็ว 
(cm/s) 

ระยะทาง 
(cm) 

ความเร็ว 
(cm/s) 

1       
2       
3       

รถคันที่ 2 

รถคันที่ 3 

รถคันที่ 1 
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จงตอบค าถามตอ่ไปนี ้
1.  รถทัง้สามคนัเคล่ือนท่ีได้ระยะทางเทา่กนัหรือไม ่อยา่งไร 
………………………………………...…………………………………………………………………. 
2.  รถทัง้สามคนัใช้เวลาในการเคล่ือนท่ีเทา่กนัหรือไม ่อย่างไร 
……………………………………………………….…………………………………………………… 
3.  ในแตล่ะวินาทีรถแตล่ะคนัมีความเร็วเทา่กนัหรือไม ่อยา่งไร 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
4.  ให้นกัเรียนค านวณหาความเร็วท่ีเปล่ียนแปลงในแตล่ะชว่งเวลาของรถทัง้สามคนั 

ช่วงวินาทีท่ี ความเร็วที่เปล่ียนแปลงในหน่ึงหน่วยเวลา (cm/s2) 
รถคนัท่ี 1 รถคนัท่ี 2 รถคนัท่ี 3 

0 - 1    
1 - 2    
2 - 3    

 
5.  รถทัง้สามคนัมีการเปล่ียนแปลงความเร็วเป็นอย่างไร 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
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กิจกรรมที่ 1.2 
แบบฝึกหัด 

ช่ือ…………………………………………………………ชัน้………..……………เลขท่ี……………… 
 
จงตอบค าถามตอ่ไปนี ้
1. รถจกัรยานยนต์คนัหนึง่เคล่ือนท่ีเป็นเส้นตรง ขณะท่ีสงัเกตมีความเร็ว 30 เมตรตอ่วินาที หลงัจาก

นัน้ 10 วินาทีตอ่มา ความเร็วเพิ่มขึน้เป็น 80 เมตรตอ่วินาที จงหาความเร่งของรถคนันี ้
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
2. รถยนต์คนัหนึง่เคล่ือนท่ีเป็นเส้นตรง ขณะท่ีสงัเกตมีความเร็ว 50 เมตรตอ่วินาที หลงัจากนัน้ 5 

วินาทีตอ่มา ความเร็วลดลงเป็น 10 เมตรตอ่วินาที จงหาความเร่งของรถคนันี ้
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
3. รถยนต์คนัหนึง่เคล่ือนท่ีเป็นเส้นตรงจากจดุเร่ิมต้นจนถึงท่ีหมาย ได้ข้อมลูดงัตาราง 

ระยะทาง (m) 0 10 20 30 40 50 
เวลา (s) 0 1 2 3 4 5 

ความเร็ว (m/s)       

3.1 รถยนต์คนันีเ้คล่ือนท่ีด้วยความเร็วคงท่ีหรือไม ่อยา่งไร 
…………………………………………………………………………………………………………… 

3.2 รถยนต์คนันีเ้คล่ือนท่ีด้วยความเร่งเทา่ไร 
…………………………………………………………………………………………………………… 
4. เดก็คนหนึง่เดินไปทางทิศเหนือ 15 เมตร จากนัน้เดนิกลบัมาทางทิศใต้ 10 เมตร แล้วเดนิตอ่ไปใน

ทิศเดมิอีก 7 เมตร จงหาการกระจดัลพัธ์จากการเดนิทางครัง้นี ้
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
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5.  ออกแรง     ,     และ      กระท ากบัวตัถดุงัรูป แรงลพัธ์ท่ีกระท ากบัวตัถเุป็นเทา่ใด 
 
 
 
 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
6.  ออกแรง      และ      กระท ากบัวตัถมุวล 5 กิโลกรัม ท าให้วตัถเุคล่ือนท่ีด้วยความเร่งเทา่ใด 
 
 
 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
7.  ออกแรง     และ     กระท ากบัวตัถมุวล 2 กิโลกรัม ท าให้วตัถเุคล่ือนท่ีด้วยความเร่งเทา่ใด 
 
 
 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
 
 
 
 

   = 45 นิวตนั   = 15 นิวตนั A


B


B


A


ก าหนดให้  = 35 นิวตนั 
  = 10 นิวตนั 
  = 20 นิวตนั C



A


B


B


A
C



B


A


C


   = 15 นิวตนั   = 25 นิวตนั A


B


B


A

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ความเร่ง    = ความเร็วปลาย – ความเร็วต้น 
  เวลาท่ีใช้ 

 
 
 
 
 
 ความเร่ง (Acceleration)  คือ การเปล่ียนแปลงความเร็วของวตัถใุนหนึง่หนว่ยเวลา มีหนว่ย
เป็นเมตรตอ่วินาที2 (m/s2) ความเร่งเป็นปริมาณเวกเตอร์ ดงันัน้วตัถจุะมีความเร่งเม่ือความเร็ว
เปล่ียนไป โดยอาจเปล่ียนขนาด เปล่ียนทิศทาง หรือเปล่ียนทัง้ขนาดและทิศทาง ถ้าวตัถใุดมีความเร่ง 
1 เมตรตอ่วินาที2 แสดงวา่วตัถนุัน้จะเคล่ือนท่ีด้วยความเร็วท่ีเปล่ียนไป 1 เมตรตอ่วินาที ทกุ ๆ วินาที 
หาได้จากสมการ 
 
 
 
 เช่น รถคนัหนึ่งก าลงัเคล่ือนท่ีเป็นเส้นตรง ในแตล่ะวินาทีรถมีความเร็วเป็น 30 m/s, 35 m/s, 
40 m/s, 45 m/s ตามล าดบั จะเห็นได้ว่ารถมีความเร็วเปล่ียนไป 5 m/s ทกุ ๆ วินาที แสดงว่ารถคนันีมี้
ความเร่ง 5 m/s2 
 
     ตัวอย่าง รถคนัหนึง่เคล่ือนท่ีเป็นเส้นตรงจากเดิมอยูน่ิ่งจนมีความเร็ว 20 เมตรตอ่วินาที  

ในชว่งเวลา 10 วินาที จงหาความเร่งของรถคนันี ้
     วิธีท า จาก     
              

            =  
010

020



  

             =  2  m/s2 
      ตอบ รถมีความเร่ง 2 เมตรตอ่วินาที2 

 
 
 การเปล่ียนแปลงความเร็ว สามารถเกิดขึน้ได้ทัง้กรณีความเร็วเพิ่มขึน้หรือความเร็วลดลง โดย
เรียกการลดลงของความเร็วในหนึ่งหน่วยเวลาว่า ความหน่วง (Deceleration) ถ้าวตัถมีุความหน่วง 1 
เมตรตอ่วินาที2 แสดงว่าวตัถนุัน้เคล่ือนท่ีด้วยความเร็วลดลง 1 เมตรตอ่วินาที ทกุ ๆ วินาที ถ้าเป็นการ
เคล่ือนท่ีแนวตรงเม่ือเกิดความหนว่งจะท าให้วตัถเุคล่ือนท่ีช้าลงจนหยดุในท่ีสดุ  

ใบความร ูท่ี้ 1.1 

ความเรง่ 



 ความเร่ง 

ความเร่ง    = ความเร็วปลาย – ความเร็วต้น 
  เวลาท่ีใช้ 
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ความเร่ง    = ความเร็วปลาย – ความเร็วต้น 
  เวลาท่ีใช้ 

     ตัวอย่าง  รถคนัหนึง่เคล่ือนท่ีเป็นเส้นตรงด้วยความเร็วต้น 20 เมตรตอ่วินาที แล้วเบรกจนหยดุ    
นิ่งในชว่งเวลา 5 วินาที จงหาความเร่งของรถคนันี ้

     วิธีท า  จาก    
      

                                                                =     
05

200



  

          =    - 4  m/s2 
     ตอบ รถมีความหนว่ง 4 เมตรตอ่วินาที2  
 
 
 ถ้าความเร็วของวัตถุไม่เปล่ียนแปลงทัง้ขนาดและทิศทาง หรือวตัถุมีความเร็วคงท่ี แสดงว่า
วตัถุมีความเร่งเป็นศนูย์ เช่น รถยนต์ท่ีเคล่ือนท่ีด้วยความเร็วคงท่ี 50 เมตรต่อวินาที ในทิศทางเดิม 
ความเร่งของรถจะเป็นศนูย์เพราะไมมี่การเปล่ียนแปลงขนาดและทิศทางของความเร็ว 
 

 
 
 
 
 
 
 

 
 วตัถท่ีุเคล่ือนท่ีอยา่งอิสระภายใต้แรงโน้มถ่วงของโลก จะเคล่ือนท่ีด้วยความเร่ง ซึง่ความเร่งนี ้
จะมีคา่คงท่ีเทา่กบั 9.8 เมตรตอ่วินาที2 

 
 
 
 
 
 
 

ชว่ง AB วตัถเุคล่ือนท่ีด้วยความเร่ง 
ชว่ง BC วตัถเุคล่ือนท่ีด้วยความเร็วคงท่ี 
ชว่ง CD วตัถเุคล่ือนท่ีด้วยความหนว่ง 
 

เวลา 

ความเร็ว 

A 

C B 

D 

ภาพที่ 2 กราฟแสดงความสมัพนัธ์ระหวา่งความเร็วกบัเวลา 

ภาพที่ 3 การกระโดดร่มดิ่งพสธุา 

เกร็ดความรู้ 
การกระโดดร่มของนกัดิง่พสธุา ขณะท่ีนกัดิง่
พสธุากระโดดออกจากเคร่ืองบนิ แรงโน้มถ่วง
ของโลกจะท าให้พวกเขามีความเร่ง 9.8 เมตร
ตอ่วินาที2 แตเ่ม่ือพวกเขากางร่มชชีูพ พวกเขา
จะมีความหนว่งทนัที 
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 ผลของแรงทัง้หมดท่ีกระท าตอ่วตัถ ุเรียกว่า แรงลพัธ์ เป็นการรวมแรงทัง้หมดท่ีกระท าตอ่วตัถ ุ
ซึง่ในการรวมแรงนัน้ ต้องพิจารณาทัง้ขนาดและทิศทางของแรง เน่ืองจากแรงเป็นปริมาณเวกเตอร์ แรง
อาจมีทิศเดียวกันหรือทิศตา่งกันก็ได้ โดยเราอาจจะก าหนดให้ เวกเตอร์ท่ีมีทิศไปทางขวาเป็นบวก (+) 
และเวกเตอร์ท่ีมีทิศไปทางซ้ายเป็นลบ (-) เชน่  
 
 
 
 
 
 
 
 

ภาพที่ 4 การหาแรงลพัธ์ของวตัถ ุ

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

แรงลัพธ์ 

5 N 

5 N 
10 N 

5 N 5 N 
0 N 

10 N 5 N 5 N 

ใบความร ูท่ี้ 1.2 

แรงลพัธแ์ละผลของแรงลพัธ ์



 

ตัวอย่าง มีแรง 3 แรงกระท าตอ่วตัถ ุดงัรูป จงหาแรงลพัธ์ท่ีกระท าตอ่วตัถุ 
 
 
 
 
ผลรวมของแรงลพัธ์ =  20 + (-15) + (-20)  

=  -15 นิวตนั 
ตอบ แรงลพัธ์ท่ีกระท าตอ่วตัถมีุขนาด 15 นิวตนั ในทิศไปทางซ้าย 

ก าหนดให้  = 20 นิวตนั 
  = 15 นิวตนั 
  = 20 นิวตนั C



A


B


B


A
C


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 แรงลพัธ์ท่ีกระต่อวตัถุมีผลต่อการเคล่ือนท่ีของวัตถุ โดยอาจท าให้วตัถุหยุดนิ่งหรือเคล่ือนท่ี 
โดยจ าแนกได้ดงันี ้
 1.  แรงลัพธ์เท่ากับศูนย์ 
 เม่ือมีแรงลพัธ์ท่ีเท่ากบัศนูย์มากระท าตอ่วตัถุ จะท าให้วตัถหุยดุนิ่งหรือเคล่ือนท่ีด้วยความเร็ว
คงท่ี ซึง่เป็นไปตามกฎการเคล่ือนท่ีข้อที่หน่ึงของนิวตัน 
 

แรงลพัธ์  =  0 
 
 2.  แรงลัพธ์ไม่เท่ากับศูนย์ 
 เม่ือมีแรงลพัธ์ท่ีไมเ่ท่ากบัศนูย์มากระท ากบัวตัถ ุจะท าให้วตัถเุคล่ือนท่ีด้วยความเร่ง ซึ่งเป็นไป
ตามกฎการเคล่ือนท่ีข้อที่สองของนิวตัน โดยสามารถหาแรงลพัธ์ได้จาก ผลคณูระหวา่งมวลกบั
ความเร่ง 

แรงลพัธ์  =  มวล x ความเร่ง 
 
 

ตัวอย่าง มีแรง      และ     กระท าตอ่วตัถมุวล 3 กิโลกรัมดงัรูป จงหาความเร่งของวตัถ ุ
  
 
 
       
                  แรงลพัธ์ท่ีกระท าตอ่วตัถ ุ =   30 + (-15) 
     =   15 N 
  จาก           แรงลพัธ์  =   มวล x ความเร่ง 
       15 (kg-m/s2) =   3 (kg) x ความเร่ง 
           ความเร่ง =   5 (m/s2)  

ตอบ วตัถมีุความเร่ง 5 เมตรตอ่วินาที2 ในทิศไปทางขวา 

 
 

ผลของแรงลัพธ์ 

   = 15 นิวตนั   = 30 นิวตนั A


B


B


A

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