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 The research objectives were to develop a learning unit titled �matter in daily life� 
to promote students� scientific reasoning skills and to study its effectiveness on scientific 
reasoning skills, learning achievement and attitude towards science of students.  
 The learning unit consisted of five main topics drawn from Sub-strand 3: Matters 
and Properties of Matters of the Thai Basic Education Curriculum of 2001 include matters 
and properties of matters, classification of matters, solutions, separation of matters and 
acid-base solutions.  Learning cycle with incorporated fading scaffold technique, the 
technique to adjust instruction to promote learning development of a learner, was used to 
design learning activity focused on open-ended scientific inquiry, a potential way to promote 
scientific explanation which is based on a foundation of rational thought.  There were 7 
activities in the entire learning unit which lasted 23 periods.  Research instruments 
consisted of a scientific reasoning test (reliability 0.63), a learning achievement test 
(reliability 0.60), an attitude towards science measure (reliability 0.89), a classroom 
observation form, and a teacher opinion towards the learning unit interview form.  The 
learning unit was implemented in field trial study stage with 49 seventh grade students in 
the first semester of the 2007 academic year.  This stage was to test effectiveness of the 
learning unit and collected data used to determine criteria for testing research hypotheses.  
The learning unit was used in confirmatory study stage with 43 students in the second 
semester of 2007 academic year.  Data from the confirmatory study stage were analyzed to 
test the research hypotheses.  
 Results of the confirmatory study stage showed that 1) the students� score on 
scientific reasoning and learning achievement after the instruction was significantly higher 
than before the instruction.  Nonetheless, there was no evidence to show that the scientific 
reasoning and the learning achievement post-test score were significantly higher than the 
determined criteria, 2) there was significant positive correlation between the scientific 
reasoning score and the learning achievement score, and 3) the attitude towards science 
mean score of the students after the instruction was significantly higher than before and it 
was at the high level significantly. 
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CHAPTER 1 

INTRODUCTION 

 

1. Background 

 

 Contemporary science and society share a complicated interdependence.  

Scientific research is frequently based on the needs of a society and as well society often 

benefits from the scientific research output.  As a result, the advance of science plays an 

important role in all dimensions of societies and shapes the development of social norms.  

 Almost all countries recognize science as important for their social and economic 

development.  One crucial component in creating strength in science is the management of 

science education in order to prepare the citizens for living in the complex society as 

efficient producers and consumers (The Institute for the Promotion of Teaching Science and 

Technology (IPST).  2004: 1).  Considering the knowledge-based society, people need to 

make personal and ethical decisions about a variety of controversial socio-scientific issues.  

These issues evolve today from the interactions of science and society and include cloning, 

genetically modified organisms (GMOs) and global warming (Sadler; & Zeidler.  2004: 5).  

These issues are difficult for individuals to make decision about because they are often 

open-ended, ill-structured problems with no definitive answers (Sadler.  2004: 514).  

Evaluating these issues requires an ability to assess the trustworthiness of the evidence, to 

distinguish among statistical correlations, causes and effects, hypotheses and observations, 

and to evaluate the extent of risk based on available information (Osborne; Simon; et al.  

2001: 63).  The impact of science on society makes it imperative that all individuals 

throughout the world become scientifically literate.  Accordingly, countries all over the world 

require an on-going dynamic revision in the management of science education.  

 The Thai Basic Education Curriculum was also reformed as a result of the Thai 

National Education Act (TNEA) of 1999 in order to prepare students for the era of 

globalization (Office of The National Education Commission (ONEC).  1999: Online).  As 

students become voting and empowered citizens after graduation, understanding of 

scientific concepts and scientific process will help them to make informed decisions about 

the complex issues facing them (Driver; Newton; & Osborne.  2000: 288).  
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 Contrary to the goal of science education to prepare students to be rational 

thinkers, science is often portrayed from a :positivist perspective; as a subject in which 

there are clear :right answers; and where data lead students to accept conclusions without 

any questions (Kuhn.  1993: 320).  In Thailand, Bhumirat (2001: Online) criticized that 

teaching and learning of science are based on the lecture approach where students 

typically focus on textbook-reading, note-taking and memorizing subject matter.  Therefore, 

students tend to acknowledge the unproblematic collation of facts about the world without 

considering their origins or understanding the nature of constructing the knowledge.  

 Kuhn (Erduran; Simon; & Osborne.  2004: 917 ; citing Kuhn.  1962. The structure 

of scientific revolutions.) argued about the knowledge building process that science usually 

progresses through dispute, conflict and argumentation concerning the suitability of 

experimental design, the interpretation of evidence in the light of alternative theories and the 

validity of knowledge claims.  Consequently, it is essential to reconceptualize the practices 

of science instruction to portray scientific knowledge as :socially constructed; because the 

function of a good science education is to accomplish the same thing in the context of 

science (Driver; Newton; & Osborne.  2000: 289; Osborne.  2004: Online).  Previous studies 

have examined students? scientific explanation and scientific reasoning, most of which 

uniformly indicated that students have difficulty in articulating and justifying their claims 

(e.g., Bell; & Linn (2000); Chinn; & Malhotra (2002); McNeill; & Krajcik (in press); Sadler 

(2004); Sandoval (2003); Jansawang (2005: 85)).  As a result, establishing the authenticity 

of the knowledge building activity in classrooms is the crucial element in this study.  

 The researcher particularly recognizes the significance of scientific explanation or 

argumentation as a key component expressed during the process. Construction of scientific 

explanations requires students to use evidence from their inquiry to evaluate and revise 

their claims, and use relevant scientific principles to make the evidence more reliable.  

Students, therefore, need to pay more attention to all processes of their inquiry.  That would 

be a foundation of rational thought for students to resolve scientific controversies that 

confront them in their everyday lives.  Moreover, it is also an effective way to promote 

students? achievement because a multitude of studies have shown significant relationships 

between formal reasoning ability and student achievement (Tobin.  2006: Online). 
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 In classroom practice, most science teachers realize the importance of teaching 

and learning of science through scientific methods of inquiry.  Hence, there are the efforts 

within constructivist rationales to engage students in the same thinking process and 

activities of scientists by placing them in investigative settings.  Nevertheless, as described 

above, science instruction is still far from the real community of scientists since the 

problems to be investigated; the equipment to be used; the procedure; and the answer to 

the problems are all structured for the students by cookbook type laboratories (Furtak.  

2006: 3), commonly called verification labs or traditional, direct instruction.  This might 

partially affect students? articulation and justification of their claims because they lack 

understanding for the rationale of conducting experimental laboratories.  Furthermore, they 

usually write conclusions following text books without fully understanding.  As portrayed by 

Chinn; & Malhotra (2002: 186), text books or teachers usually present the theories, laws, or 

facts; therefore, students have no chance to experience constructing theoretical 

explanations on the basis of evidence.  

 This significant omission has also led to important shortcomings in the education 

that is provided about the epistemology of science (Lederman; & O?Malley.  1990: 236).  As 

a result, a majority of studies found students? lack of views on nature of science (NOS) 

(e.g., Lederman; & O?Malley (1990); Sukjin; Scharmann; & Taehee (2005)).  In order to 

better represent the nature of scientific inquiry, that is the heart of science, and help 

students improve their ability in scientific reasoning, the methods of scientific inquiry in a 

classroom should be more open-ended.  The cookbook type laboratories should be 

replaced by non-structured inquiry so that rationales for doing such inquiry practices as 

identifying problems, planning and conducting experiments and drawing conclusions will be 

proposed ultimately by students themselves.  

 Implementing open-ended scientific inquiry at the beginning might be too difficult 

for students who are not familiar with these practices.  Hackling (2005: Online) claimed that 

students need scaffolding as a way to get rid of the barriers in their learning.  A teacher as 

a scaffolder will enable students to complete complex mental tasks that they could not 

complete without assistance (Pearson; & Fielding.  1991: 842).  Hogan; & Pressley (1997: 

85) suggest for a whole class scaffolding that the more students can regulate themselves, 

the more the teacher has time to scaffold other students in need.  An effective way to help 

students internalize learning is via fading assistance over time.  Students, therefore, need to 

think back how to complete the complex task by themselves.  By this means, students 
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become more and more independent in deciding what to do next while they internalize the 

learning.  As a result, the researcher considers the fading scaffold technique as an effective 

way to help students become familiar with open-ended scientific inquiry and to encourage 

student proposed scientific explanation within their class.  Fading scaffold technique helps 

the students internalize learning and take more responsibility for their learning by gradually 

removing assistance over times to let them complete the complex task independently.  The 

researcher believes that establishing open-ended activities which incorporate scientific 

explanation would not only make the classroom interactions much more like those of 

scientists, but also result in students? improvement in scientific reasoning, learning 

achievement and attitude towards science.  

 For the above reasons, it is crucial to improve instruction in science to reach the 

goals of science education.  The researcher proposed to develop a learning unit which 

incorporated scientific explanation using the fading scaffold technique to promote middle 

school students? scientific reasoning skills.  This learning unit titled :Matter in Daily Life; is 

based on the third strand of the Thai National Science Curriculum Standards.  

 

2. Objectives of the Study 

 

 The research objectives include as follows.  

  1. To develop and implement a learning unit which incorporate scientific 

explanation to promote the scientific reasoning skills of middle school students;  

  2. To evaluate the result of this implementation with regard to the scientific 

reasoning skills of the students;   

  3. To evaluate the result of this implementation with regard to the learning 

achievement of the students; and 

  4. To evaluate the result of the implementation with regard to the students? 

attitude towards science.   

 

 

 

 

 

 



 

 

5 

3. Significance of the Study  

 

 The results of the study are to inform science teachers and educators in ways of 

providing a deeper understanding in the area of supporting open-ended scientific inquiry 

and promoting scientific explanation which support scientific reasoning skills of students.  

Participating teachers have opportunities to consider the extent to which their current 

instruction is consistent with this awareness and how it might be influential in their future 

planning of instruction.  In addition, it is possible for other participants to incorporate the 

principles of the learning unit into their own thinking and teaching for other strands and 

skills.      

 

4. Scope of the Study 

 

 4.1 Sources of Data 

  4.1.1 Sources of Data in Field Trial Study 

   4.1.1.1 Teacher 

    A science teacher who has six and half years experiences in teaching 

science and chemistry for middle school and high school students respectively at Khon 

Kaen University Demonstration School in Khon Kaen province.  

   4.1.1.2 Student 

    Population 

     Three classrooms of seventh grade students who studied science 

topics based on the third strand of the Thai National Science Curriculum Standards in the 

second half of the first semester of the 2007 academic year at Khon Kaen University 

Demonstration School in Khon Kaen province. 

    Sample 

     A classroom of seventh grade students (49 students) who studied 

science topics based on the third strand of the Thai National Science Curriculum Standards 

in the second half of the first semester of the 2007 academic year at Khon Kaen University 

Demonstration School in Khon Kaen province. 
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  4.1.2 Sources of Data in Confirmatory Study 

   4.1.2.1 Teacher 

    A science teacher who has five and half years experiences in teaching 

science and chemistry for middle school and high school students respectively at 

Wattananakorn School in Srakaeo province.  

   4.1.2.2 Student 

    Population 

     Four classrooms of seventh grade students who studied science 

topics based on the third strand of the Thai National Science Curriculum Standards in the 

first half of the second semester of the 2007 academic year at Wattananakorn School, 

Srakaeo province. 

    Sample 

     A classroom of seventh grade students (43 students) who studied 

science topics based on the third strand of the Thai National Science Curriculum Standards 

in the first half of the second semester of the 2007 academic year at Wattananakorn 

School, Srakaeo province.  

 

 4.2 Variables 

  4.2.1 Independent Variable 

   The instruction using the learning unit :Matter in Daily Life;  

  4.2.2 Dependent Variables 

   1. Scientific reasoning skills 

   2. Learning achievement 

   3. Attitude towards science 

 

 4.3 Operational Definitions 

  1. +The Learning Unit- The learning unit titled :Matter in Daily Life; was 

designed to promote middle school students? scientific reasoning skills by applying the 

fading scaffold technique to support open-ended scientific inquiry and scientific explanation.  

Topics in the learning unit including matter and properties of matter, classification of 

matters, solution, separation of matters and acid-base solution are based on the third strand 

of the Thai National Science Curriculum Standards.  The learning unit takes 23 periods of 

classroom participation (1 period = 50 minutes).  
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  2. +Scientific Reasoning Skills- These are skills used to explain any 

phenomenon and based on hypothetical-deductive (HD) thinking patterns that enable 

students to imagine possible relations of factors, deduce the consequences of these 

relations, and then empirically verify which of those consequences actually occurs. 

Students? scientific reasoning skills were assessed by a scientific reasoning test.  This test 

assesses four HD thinking patterns: identification and the control of variables, proportional 

thinking, probabilistic thinking and correlational thinking.    

  3. +Fading Scaffold Technique- The technique to adjust instructional support 

to promote learning development of a student.  Namely, structure of inquiry activity is 

withdrawn gradually while complexity of the inquiry tasks is faded in simultaneously with the 

aims of helping students internalize scientific inquiry process and becoming less dependent 

on the teacher?s help for what to do next.  It aims also to facilitate in the transfer of these 

newly gained scientific inquiry skills and knowledge to a new context.  Finally, the students 

should be able to conduct and complete independently scientific inquiries. 

  4. +A Scientific Explanation- This is a written or oral response to a question 

that requires students to use evidence from their inquiry to evaluate and revise their claims, 

and to connect the evidence to the relevant scientific principles.  Scientific explanation 

framework was drawn from Kuhn; & Reiser (2004: 7-9).  It includes three components: 

namely, claim, evidence and reasoning. 

     4.1. +Claim- An assertion or testable statement that answers the question 

posed. 

   4.2. +Evidence- Scientific information that supports the claim; these data 

(both qualitative and quantitative data) come from the students? investigations or other 

sources, such as reading materials, learning resources, etc.  To effectively support the 

claim, the data need to be appropriate, relevant to the question and related to the given 

claim, and sufficient, using the necessary quantity of evidence to convince audiences. 

   4.3. +Reasoning- A justification which includes scientific principles to show 

why the evidence supports the claim. 

  5. +Learning Achievement- Ability in learning through the learning unit, 

assessed by a learning achievement test.  This test assesses four categories of behavior: 

knowledge, comprehension, science process skills and application. 
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  6. +Attitude towards Science- Feelings that the student has about science 

based on their beliefs about science.  Students? attitude towards science in this study was 

assessed by an attitude towards science measure.  The attitude towards science measure 

aimed to examine the students? cognitive and emotional opinions about six aspects of 

science; learning science in school, self-concept in science, practical work in science, 

science outside of school, future participation in science and importance of science. 

  7. +Teacher6s Opinion towards the Learning Unit- The expression of the 

participating teacher?s feeling regarding the learning unit.  This expression is assessed by 

the teacher?s opinion towards the learning unit interview form.  

  8. +Cut-off Score- The score used as a criterion to distinguish students to be 

master or non-master in scientific reasoning and learning achievement after learning 

through the learning unit.  The cut-off score is determined by Berk?s method (Berk.  1976: 

4-9).     

  

5. Theoretical Framework 

 

 According to the knowledge-based society, people usually face a multitude of 

controversial socio-scientific issues.  Good science education, therefore, should prepare 

students for living in a complex society (IPST.  2004: 1).  The Thai Basic Education 

Curriculum was revised and modernized as a result of the TNEA of 1999 in order to 

prepare students for this era (ONEC.  1999: Online).  Well prepared students will be able to 

use their understanding of scientific concepts and scientific process to make informed 

decisions about the complex issues confronting them in their daily life. At this point of time, 

rational thinking is considered as a crucial skill for students, but unfortunately classroom 

practices usually portray a :positivist perspective; of science as a subject in which there are 

clear :right answers; (Driver; Newton; & Osborne.  2000: 288; Kuhn.  1993: 320).  

 Moreover, most scientific inquiry is typically in the form of cookbook type 

laboratories leading students to accept conclusions without any questions.  These practices 

are not consistent to the goal of science education as dictated above. Students tend to 

memorize facts, laws and theories in textbooks for taking a test or making a conclusion of 

their inquiry.  As a consequence, a multitude of previous studies found that most students 

had difficulty with scientific explanation and scientific reasoning (e.g., Bell; & Linn (2000); 

McNeill; & Krajcik (in press); Sadler (2004); Sandoval (2003); Jansawang (2005: 85)). 
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These findings reflected scientific reasoning of the students. 

 As a result, these reasons lead directly to the development of a learning unit which 

incorporates scientific explanation by increasing non-structured inquiry practice gradually.  

Implementing non-structured scientific inquiry with scientific explanation, using information 

from their inquiry to articulate and justify their claims, would be a foundation of rational 

thought to promote scientific reasoning skills of a student.  To enable the student to 

complete these challenge tasks, the fading scaffold technique would be helpful to design 

learning activity. Applying this technique to design the activity which is changed from being 

structured to non-structured over time would be effective to familiarize the student gradually 

with the new tasks. In doing so, the students can learn primarily how to think from the 

structured or teacher-directed activity. Then, they internalize and apply these thinking skills 

in a next lesson which is more student-directed activity.  An open-ended scientific inquiry 

allows the students to choose a topic that interests them also.  Scientific explanation is also 

an evidence for the teacher to scaffold the students? thinking.  The researcher believes that 

these processes are potential in improvement of the students? scientific reasoning skills, 

learning achievement and attitude towards science.  The scheme for the theoretical 

framework is depicted in Figure 1. 
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6. Research Hypotheses 

 

  The hypotheses of this study are as follows. 

  1. The students' scientific reasoning mean score after the instruction using the 

learning unit is higher than the scientific reasoning cut-off score at the 0.05 level of 

significance. 

  2. The students' learning achievement mean score after the instruction using 

the learning unit is higher than the learning achievement cut-off score at the 0.05 level of 

significance. 

  3. The students' scientific reasoning post-test scores positively correlate to the 

students' learning achievement post-test scores at the 0.05 level of significance. 

  4. The students' attitude towards science mean score after the instruction 

using the learning unit is higher than before at the 0.05 level of significance. 

  5. The students' attitude towards science after the instruction using the 

learning unit is at the high level at the 0.05 level of significance. 

 



 

 

CHAPTER 2 

LITERATURE REVIEW 

 

 To frame the research study, it is important to review all related documents.  

These references provide the framework for the research questions: namely 1) whether the 

activities in the learning unit support students� scientific reasoning skills, 2) whether the 

activities in the learning unit support students� learning achievement, 3) whether the 

activities in the learning unit support students� attitude towards science, and 4) whether the 

activities in the learning unit positively affect the participating teacher�s opinion towards the 

learning unit.  This literature review provides an appropriate explanation for the following 

topics.  

  1. The Thai Basic Education Curriculum B.E. 2544 (A.D. 2001) 

  2. Inquiry-based Instruction 

  3. Scaffolding Technique 

  4. Scientific Reasoning 

  5. Scientific Explanation 

  6. Educational Assessment 

   

1. The Thai Basic Education Curriculum B.E. 2544 (A.D. 2001) 

  

 1.1 Basic Education Curriculum Reform 

  Rapid advancements in society result in on-going economic, social and cultural 

changes.  These changes call for frequent revision of the national education curriculum to 

prepare all individuals to become productive members of the knowledge-based society.  

Educational research has highlighted some limitations and weakness within the Curriculum 

B.E. 2521 (revised B.E. 2533).  Hence, the National Education Act was promulgated in B.E. 

2542 (A.D. 1999) for the first time of Thailand�s education history (Office of The National 

Education Commission (ONEC): Thailand.  1999).  Various facets of education such as 

education management and the basic education curriculum were reformed as a result of the 

National Education Act.  The ultimate goals of the reform are to foster morality, intellectual 

development, happiness, competitive potential and creative/positive competition in the new 

world arena.  The basic education curriculum takes 12 years to complete, covering 4 key 

stages: A) primary education grades 1-3, B) primary education grades 4-6, C) secondary 
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education grades 7-9 and D) secondary education grades 10-12.  Additionally, it has been 

organized at two levels: 1) national level and 2) institutional level.  The purposes at national 

level are to preserve Thai identity, good citizenship, a desirable way of life, livelihood and 

for further education.  At institutional level, educational institutions are required to develop a 

curricular substance relating to the needs of the community and society, local wisdom and 

attributes of desirable members of the family, community, society and nation.  Teachers, 

learners, educational administrators, parents and all concerned are urged to be appreciative 

and involved in learning reform based on a learner-centered approach so that learning will 

be focused on real life.  Through a lifelong process, the new culture of learning will lead to 

the development of learners in all respects: physical, emotional, social and intellectual.  All 

Thai people will have the opportunity to access lifelong learning and keep up with the 

changing world of new knowledge and information technology with Thai wisdom as an 

essential basis for human development.  There are 8 subject areas in the Basic Education 

Curriculum: 1) Thai Language, 2) Mathematics, 3) Science, 4) Social Studies, 5) Religion 

and Culture, 6) Health Education and Physical Education, 7) Art, Career and Technology-

Related Education and 8) Foreign Languages.  The details about the science subject area 

are explained in the next section.   

 

 1.2 National Science Curriculum Standards 

   Science is one of the major subject groups in the Basic Education Curriculum 

B.E. 2544 (A.D. 2001) (Ministry of Education.  2002) because of its significant role in all 

dimensions of the society such as economy, medicines and medical procedures, and 

current modes of living.  The subject matter of Science Curriculum Standards encompasses 

the following 8 main sub-strands for all learners in basic education. 

   Sub-strand 1: Living Things and Living Processes 

   Sub-strand 2: Life and Environment 

   Sub-strand 3: Matter and Properties of Matter 

   Sub-strand 4: Forces and Motion 

   Sub-strand 5: Energy 

   Sub-strand 6: Processes that Shape the Earth 

   Sub-strand 7: Astronomy and Space 

   Sub-strand 8: Nature of Science and Technology 

   Sub-strand 3 covers two standards as follows. 
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  This research study will focus on Sub-strand 3: Matter and Properties of Matter 

which is composed of two standards shown below. 

  Standard Sc 3.1: The student should be able to understand (1) properties of 

matter, (2) relationship between properties and structures and (3) forces 

among particles.  The student should have a scientific mind and have 

mastery of investigative processes.  The student should have the ability 

to communicate knowledge acquired and apply it positively. 

  Standard Sc 3.2: The student should be able to understand the principles and 

nature of (1) changes of state of matter, (2) formation of solutions and (3) 

chemical reactivity.  The student should have a scientific mind and have 

mastery of investigative processes.  The student should have the ability 

to communicate knowledge acquired and apply it positively. 

  In practice, these two standards will be interpreted into specific learning 

standards for each key stage depending on individual school.  In this study, some parts of 

the above standards which are proper for middle school students will be used to determine 

expected learning outcomes for development of the learning unit.    

 

2. Inquiry-based Instruction 

 

 Developing adequate understanding of scientific inquiry has been a long-standing 

instructional objective of science education (Bell; et al.  2003: 502).  DeBoer (1991: 206) 

said that "if a single word had to be chosen to describe the goals of science education 

during the 30-year period that began in the late 1950s, it would have to be INQUIRY".  

Although there is a reform in science education in many countries, science educators at 

present still emphasize the importance of developing students� inquiry practices because 

most traditional instruction does not promote a cycle of inquiry skills such as asking 

questions, seeking answers and reflecting on findings.  Instead, our schools rely primarily 

on mastery of content.  Students are conditioned not to question, but simply listen and 

supply the expected answers.  Additionally, assessment is normally based on students 

repeating the right answer while the steps taken to reach that final stage are often 

overlooked.  Brown, et al. (2006: Abstract) unexpectedly found in their study that even 

college science faculty members hold an Dall-or-nothingD view of inquiry.  Lacking of 

understanding about inquiry is one of the barriers influencing the success of inquiry-based 
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instruction.  Consequently, the researcher essentially reviewed literatures about inquiry-

based instruction in order to gain deeply understanding and then successfully apply the 

idea.  Next section elaborates various conceptions of inquiry-based instruction. 

 

 2.1 Conceptualizing the Term 1Inquiry-based Instruction2  

  The term Escientific inquiryD is a well known term among scientists, science 

educators and science teachers.  The definitions are divided into two major groups: 1) 

scientific inquiry is the way of doing science, and 2) scientific inquiry is the method in 

teaching and learning of science.  This part will provide conception of this term in both 

views.  The National Research Council (NRC) (1996: 23) defines inquiry as 

 

a multifaceted activity that involves making observations; posing questions; examining books and 

other sources of information to see what is already known; planning investigations; reviewing what 

is already known in light of experimental evidence; using tools to gather, analyze and interpret 

data; proposing answers, explanations and predictions and communicating the results.  Inquiry 

requires identification of assumptions, use of critical and logical thinking and consideration of 

alternative explanations. 

 

  The above definition seems to be an epistemological view.  In an instructional 

view, scientific inquiry refers to the activities of students in which they develop knowledge 

and understanding of scientific ideas, and understanding of scientific practices.  Similar to 

Sandoval�s definition (2005: 636), scientific inquiry is as  

 

a process of asking questions, generating and pursuing strategies to investigate those questions 

by generating data, analyzing and interpreting those data, drawing conclusions from them, 

communicating those conclusions, applying conclusions back to the original question, and perhaps 

following up on new questions that arise.   

 

  Sandoval defines scientific inquiry in an instructional view as a way of 

organizing activities in the classroom.  Likewise, the National Science Foundation (NSF) 

(2000: 2) defines scientific inquiry as an approach to exploring the natural or material world.  

The process involves asking questions, making discoveries and rigorously testing those 

discoveries in the search for new knowledge.  NSF additionally proposes that inquiry in 

science education should mirror as closely as possible the real scientific knowledge building 

processes.  In addition, Deboer (2005: 17-18) refers scientific inquiry to the general 
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processes of investigation that scientists use to explore the natural world and inquiry 

teaching involves pedagogical approaches that mirror the scientists� community in 

classrooms by emphasizing questioning, investigating and problem solving.  Furtak (2006: 

2) similarly defines scientific inquiry as a method of science teaching that engages students 

in the same thinking processes and activities of scientists in investigative settings.  

Students design and conduct investigations to find answers on their own rather than being 

told by their teacher.   

  The above definitions in instructional view might lead to the mistaken belief 

that inquiry-based instruction is only done in laboratory.  In fact, it can also be done in 

lectures that provoke students� thinking and questioning.  If teachers focus more on how we 

know things by presenting evidence and information and encouraging students� questioning, 

then talks can even become powerful inquiry for students.  In other words, collaborative 

meaning making can take place through discourse (Thirteen WNET New York.  2004: 

Online).  In conclusion, inquiry-based instruction is an effective pedagogical approach to 

help students develop knowledge and understanding in scientific concepts and 

understanding of scientific practices by placing them in the same thinking processes and 

activities as scientists do to find out answers for particular questions.   

 

 2.2 Purposes of Inquiry-based Instruction 

  Deboer (2005: 19) specified the purposes of inquiry-based instruction as 

follows. 

   1. Preparation of Future Scientists: Prospect scientists need to engage in 

scientific practices to understand the nature of scientific works and gain experiences in the 

discipline such as familiarity with the methodologies, equipment, taking and recording 

measurement, collecting and analyzing data, supporting and refuting scientific claims. 

   2. Preparation of Citizens for the New Era: People who may not become 

scientists still need to develop inquiring attitude and inquiry skills needed to search for 

answers for many issues facing them in the era of globalization.  The practices will make 

them become rational thinkers. 

   3. Strengthening Learning of Science: Inquiry-based instruction is an 

effective method to strengthen not only scientific knowledge but also an understanding of 

the methods of science since, as described by Furtak above, it is a way to engage students 

in the same thinking processes and practices of scientists.   
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   4. Increasing Motivation and Effort: Inquiry-based instruction can increase 

students� intrinsic motivation and efforts to be more effective and meaningful because they 

have more control over their own learning in an investigative way rather than being told by 

their teacher.  Learning becomes almost effortless when something fascinates students and 

reflects their interests and goals. 

  Inquiry-based instruction seems to be a key useful method for science 

education because it is the teaching method for not only prospective scientists but also for 

all.  Furthermore, it helps students gain not only scientific knowledge, but also 

understanding of scientific practices.  Next section highlights the differences between 

inquiry-based instruction and traditional approach.    

 

 2.3 How does Inquiry-based Instruction Differ from the Traditional Approach? 

  Thirteen WNET New York (2004: Online) illustrates the differences between 

inquiry-based instruction and traditional approach in many aspects as follows. 

 

TABLE 1 THE DIFFERENCES BETWEEN INQUIRY-BASED INSTRUCTION AND   

      TRADUTIONAL APPROACH 

 

Inquiry-based Instruction Traditional Approach  

Inquiry-based instruction is more focused on using 

and learning content as a means to develop 

information processing and problem solving skills.   

Traditional approach is focused on mastery of 

content with less emphasis on the development 

of science process skills and scientific mind.   

Arrangement is more student-centered with the 

teacher as a facilitator of learning.  Students are 

more involved in the knowledge construction rather 

than being told by the teacher. 

Arrangement is teacher-centered.  Students are 

the receivers of what is already known.   

 

Assessment is focused on determining the 

progress of skill development in addition to content 

understanding.   

Assessment is only focused on determining the 

ability to memorize facts and information from 

text books or what the teacher said.   

Inquiry-based instruction has concern equally with 

in-school success and helping students learn to 

learn throughout their life. 

Traditional approach is more concerned with 

preparation for the next grade level and in-

school success than preparation for life-long 

learning. 
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TABLE 1 (Continued)  

 

Inquiry-based Instruction Traditional Approach  

Inquiry-based instruction is an opened system 

where students are encouraged to search and 

make use of resources beyond the classroom and 

the school. 

Traditional approach is a closed system where 

students are limited to using what is available in 

the classroom or within the school.   

Teachers use technology to connect students with 

local and world communities which are rich 

sources of learning and learning materials.   

Teachers focus on learning about technology 

rather than its application to enhance student 

learning.   

Teachers replace lesson plans with facilitated 

learning plans that account for slight deviations 

while still keeping an important learning outcome in 

focus.  They usually respond "how do you suggest 

we investigate that question?" to questions from 

students. 

Lesson plans are used to organize learning 

processes for the whole class and the teachers 

usually respond "we will get to that later" to 

students� questions. 

 

 From: Thirteen WNET New York.  (2004).  Inquiry-Based Learning.  (Online).   

 

  The above information shows that inquiry-based instruction is considerable 

different from the traditional approach.  Although it seems to be a superior way for teaching 

of science, inquiry-based instruction might be superior if this kind of instruction is integrated 

into any other techniques to enhance student learning.  However, inquiry-based instruction 

can be applied by degree and the teachers, therefore, need to adjust their instruction to be 

the most suitable for their students.  Various degrees of scientific inquiry in a classroom are 

illustrated in next section.    

 

 2.4 Openness Levels of Scientific Inquiry in a Classroom 

  In using the ideal scientific inquiry approach, students have opportunities to 

raise their own questions, plan and design experimentation and conduct investigations to 

find out answers.  They are given ample time to reflect their own ideas, to engage in 

dialogue for developing their conceptual ideas, and to defend their findings to others.  

However, implementing inquiry-based instruction in a real setting can vary in the degree of 

openness which can be classified by the following levels and criteria in Table 2 (Hackling.  

2005: 2). 
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  The degrees of openness are sorted by levels depending on who (the teacher 

or student) decides the problem to be investigated, the equipment to be used, the 

procedure to find answers and the conclusions to be drawn.  Unfortunately, most science 

practices in a classroom are usually lab verifications or cookbook type laboratories.  From 

Lederman; & O�Malley�s study (1990: 236), students felt that scientific investigations can not 

be the best way to promote their perspectives on the nature of science (NOS) because 

these practices Ealways come out the sameD.  Previous statement refers to the cookbook 

type laboratories.  Consequently, there is a need to change style of teaching if we would 

like to enhance students� understanding in scientific concepts, scientific practices and 

scientific mind.  The teacher might have a good idea of what scientific concepts students 

should learn; then allows for a lot of variation in the students' investigations, and recognizes 

that there might be many solutions to the same problem.    

 

TABLE 2 OPENNESS LEVELS OF SCIENTIFIC INQUIRY 

 

Level Problem Equipment Procedure Answer Common name 

0 Given Given Given Given Verification 

1 Given Given Given Open Guided inquiry 

2a Given Given Open Open Open-guided inquiry 

2b Given Open Open Open Open-guided inquiry 

3 Open Open Open Open Open-ended inquiry 

 

 From: Mark W. Hackling.  (2005).  Working Scientifically: Implementing and 

Assessing Open Investigation Work in Science.  p. 2. 

 

 2.5 5Es Instructional Model  

  In the late 1980s, the Biological Sciences Curriculum Study (BSCS) developed 

an instructional model, the 5E Instructional Model (5Es) for framing a sequence and 

organization of programs, units and lessons.  The model was adapted from the Science 

Curriculum Improvement Study (SCIS) learning cycle, the model for science teaching, 

initially developed by J. Myron Atkin and Robert Karplus.  Karplus began connecting the 

developmental psychology of Jean Piaget to the design of instructional materials and 

science teaching by 1961.  He subsequently collaborated with Atkin in 1961 on a model of 

guided discovery in instructional materials and continued refining his ideas and the 
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instructional model from his studies.  By 1967, Karplus and Herbert publicized the SCIS 

learning cycle by using the original terms consisting of the sequence: exploration, invention 

and discovery to identify the phases and sequence of the model.   

  In the 1980s, Anton E. Lawson and others slightly modified the terms used for 

the learning cycle.  The modified terms are exploration, term introduction and concept 

application.  Although there were changes in terminology, the conceptual foundation of the 

learning cycle remained essentially the same (BSCS.  2006: Online).  A number of studies 

have shown that the SCIS learning cycle has many advantages when compared with other 

approaches to instruction.  The learning cycle encourages learners to think creatively and 

critically, facilitates a better understanding of scientific concepts, develops positive attitude 

towards science, improves science process skills and cultivates advanced reasoning skills 

(Lawson.  1995: 418M431).  Moreover, it has been applied successfully in different 

educational settings.   

  The 5Es which was innovated by BSCS has five elements, three of which are 

fundamentally equivalent to the three phases of the SCIS learning cycle.  Each phase has a 

specific function and contributes to the teacher�s coherent instruction and to the learner�s 

formulation of a better understanding of scientific and technological knowledge, attitude and 

skills.  Details for each part are described below (BSCS.  2006: Online). 

   Engagement: A teacher or a curriculum task accesses the students� prior 

knowledge and helps them become engaged in a new concept through the use of short 

activities that promote curiosity and elicit prior knowledge.  The activities should connect 

past and present learning experiences, expose prior conceptions and organize students� 

thinking towards the learning outcomes of current activities.  

   Exploration: Exploration experiences provide students with activities within 

which current concepts (i.e., misconceptions), processes and skills are identified and 

conceptual change is facilitated.  The students may complete the activities by using their 

prior knowledge to generate new ideas, explore questions and possibilities, and design and 

conduct a preliminary investigation.  

   Explanation: This phase focuses students� attention on a particular aspect 

of their engagement and exploration experiences and provides opportunities to demonstrate 

their conceptual understanding, process skills, or behaviors.  The teacher also has 

opportunities to directly introduce a concept, process, or skill guiding the students towards a 

deeper understanding, which is a critical part of this phase.   
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   Elaboration: The teacher challenges and extends students� conceptual 

understanding and skills through new situations.  The students develop deeper and broader 

understanding, more information and adequate skills by applying their understanding of the 

concept in conducting additional activities. 

   Evaluation: This phase encourages students to assess their 

understanding and abilities and also provides opportunities for the teacher to evaluate 

students� progress towards the learning objectives. 

  The BSCS summarized successful uses of the 5Es in three categories: 1) 

documents that frame larger pieces of work such as curriculum frameworks, assessment 

guidelines, or course outlines, 2) curriculum materials of various lengths and sizes, and 3) 

adaptations for teacher professional development, informal education settings and 

disciplines other than science.  The BSCS�s report shows that the 5Es is an efficient 

instructional model for science education. 

 

 2.6 Research Related to Inquiry-based Instruction 

  Many researchers focused their attempts on improving students� learning of 

science by using inquiry-based instruction.  A multitude of studies have been supportive 

generally of inquiry approaches.  Inquiry-based programs at the middle-school level have 

been found to enhance generally student performance, particularly related to laboratory 

skills and skills of graphing and interpreting data.  Moreover, many studies show that 

inquiry-based instruction is effective in fostering scientific literacy and understanding of 

science processes, vocabulary knowledge and conceptual understanding, critical thinking, 

positive attitude towards science, higher achievement and construction of logico-

mathematical knowledge (Haury.  1993: Online).  The following studies are some examples 

that have shown benefits of inquiry-based instruction.   

  Lord; & Orkwiszewski (2006: 343-345) studied the results of inquiry-based 

activities with 100 college students enrolled in non-majors introductory biology classes.  The 

students were divided into 4 groups.  They all attended the same class and utilized the 

same materials to meet the same objectives in the course but the investigative procedures 

were different.  Two of the groups followed laboratory manual, control group.  The other two 

followed inquiry-based activities prepared by their instructors, experimental group.  This 

study has shown that the students from inquiry-based labs learn more biology than the 

other two groups, and they enjoy the investigations more than the control group.  Besides, 
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the study revealed that the inquiry approach enhanced the students� science attitude and 

reasoning skills during the year.   

  Tanaprayothsak (2005: 100) developed a science curriculum on natural 

resources and environmental pollution related to real-life issues for tenth graders by using 

inquiry cycle.  The results indicated that inquiry-based instruction enables students to 

develop thinking processes, creative thinking skill, scientific skill and communication skill.  In 

addition, it is claimed that inquiry-based instruction is an effective way to promote students� 

responsibilities in their learning.  As shown in Hofstein; Shore; & Kipnis�s study (2004: 58-

59), they provided high school students with opportunities to learn in an authentic 

environment by conducting the experiments.  The students were able to practice inquiry 

skills such as asking questions, hypothesizing, suggesting a further question and planning 

their own investigation.  The analysis of students' laboratory reports showed clearly that the 

experienced students not only improved their ability to ask better and more relevant 

questions than less experienced students, but also they suggested better organized 

experiments and more sophisticated and reliable equipment.   

  Gibson; & Chase (2002: 703) examined the long-term impact of the Summer 

Science Exploration Program (SSEP), a 2-week inquiry-based science camp, on middle-

school students.  They found that SSEP students maintained a more positive attitude 

towards science and a higher interest in science careers than students who applied to the 

program but were not selected to attend the program.  The findings suggest that teaching 

science by using an inquiry-based approach is helpful for students to remain interest and 

become motivated to put more effort on their studies.  From Smith; et al.�s study (2000: 

402-403), sixth graders who actively participated in the constructivist classroom had 

developed a sophisticated constructivist epistemology of science.  In contrast, students in 

the more traditional science classroom had developed a knowledge unproblematic 

epistemology of science.   

  In summary, inquiry-based instruction is recognized as an efficient method for 

science education.  Memorizing facts and information is no longer the most important skill in 

today's world.  Information is readily available; therefore, skills for seeking new knowledge 

and using existed data critically are vital.  As a result, the main goal of this research study 

is an attempt to promote these skills for children by the inquiry practices in a classroom.  
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3. Scaffolding Technique 

 

 Scaffolding is not a totally new approach to teaching.  It is simply a framework that 

unifies elements of responsive teaching which is a powerful technique enabling students to 

complete complex mental tasks.  The next section outlines and discusses the origin and 

concept of the scaffolding technique. 

 

 3.1 Conceptualizing the Term 1Scaffolding Technique2 

   Scaffolding instruction originates from Lev Vygotsky�s sociocultural theory and 

his concept, zone of proximal development (ZPD).  The ZPD is Ethe distance between the 

actual developmental level as determined by independent problem solving and the level of 

potential development as determined through problem solving under adult guidance or in 

collaboration with more capable peersD (Vygotsky.  1978: 86).  Shifting of boundaries of a 

student�s ZPD when he/she receives appropriate support is depicted in Figure 2. 

Developed capabilities Developing capabilities Undeveloped capabilities 

 
Zone of Proximal Development 

 

What the child can  

do unassisted 

What the child can  

do with assistance 

What the child  

cannot do yet 

 
With appropriate instruction in the Zone of Proximal Development, the boundaries of the zone shift. 

 
ZPD 

 

  

FIGURE 2 VYGOTSKY�S ZONE OF PROXIMAL DEVELOPMENT (Vygotsky.  1978: 86)   

 

 From: Lev S. Vygotsky.  (1978).  Mind in society: The Development of Higher 

Psychological Processes.  p. 86. 

 

  Providing assistance to bridge the ZPD refers to elements of scaffolding, a 

strategy that helps reducing learning ambiguity and increasing growth opportunities.  Hogan 

(1997: 1-2) purposes that scaffolding is not only a tool for acculturating students into the 
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thinking patterns of experts, but also an effective way to help students carry out discrete 

learning tasks.  Gaskins; et al. (1997: 47) define scaffolding as Eexplaining, demonstrating 

and jointly constructing an idealized version of a performance.  Scaffolding elements involve 

recruiting student�s interest, reducing the number of steps so that the task is manageable, 

maintaining students� persistence towards the goal, making critical features evident and 

controlling frustration and riskD.   

  The scaffolding metaphor was originally developed to describe the support 

given by a more knowledgeable person in a one-to-one interaction.  Afterwards, the 

technique has been applied, transformed and generalized in schooling.  In a classroom, a 

teacher or more capable peer serves as a social partner who provides the less advanced 

student with guidance or assistance to enable him/her to complete a complicated cognitive 

task.  The role of social interaction in determining its precise boundaries is very important 

because providing help too far in advance of the child would not be helpful (Driscoll.  2005: 

254-257).  Additionally, the assistance should be gradually removed over times to let 

students take more responsibility for their learning until they could complete independently 

the tasks.  Hogan; & Pressley (1997: 78) identify similar roles of psychological scaffolding 

for a student and physical scaffolding for a builder as follows. 

   1. it helps ensure the student�s accomplishment 

   2. it extends the student�s capability into a higher level, and 

   3. it can be faded away as the student becomes more responsible. 

   Effective scaffolding requires extensive insights into individual student; 

therefore the teacher needs to have solid content knowledge and solid pedagogical 

knowledge.  In this sense, the technique of scaffolding is as inquiry teaching.  As described 

by Rankin (2000: 36-37), the teacher's role in the inquiry classroom as a facilitator is very 

active and dynamic.  During the inquiry practices, the teacher walks around the room, 

interacts with students during experimentation, listens to their questions and ideas, 

continuously assesses their progress and determines the appropriate next steps for their 

learning.  In conclusion, scaffolding instruction provides supports based on individual 

student�s ZPD through a more knowledgeable person, the teacher or peer.  The assistance 

facilitates the learner in accomplishment of learning tasks which are beyond the level of 

what the learner can do alone by building on his/her prior knowledge and internalizing new 

information.  In order to provide proper assistance, the teacher needs to know what a 

student already knows, what competencies are within his/her reach, what his/her 

misconceptions are, and what the sources of the problems are.  To be successful, 
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scaffolding requires the teacher to make students feel safe to communicate their ideas.  

The teacher should not evaluate their ideas, but encourage them to explore and develop 

their thoughts aloud.  Sustained across an entire school day, this approach takes a great 

deal of energy and commitment.   

 

 3.2 The Challenges of Scaffolding in Classroom Setting  

  There has been little research done on scaffolding academic tasks in whole 

class settings because of many challenges.  Big challenges for a teacher in whole class 

scaffolding are dealing with time constraint, the complexity of each individual student�s ZPD, 

and difference in the amount of prompting each student�s need.  Because of varying place 

in each student learning, the teacher needs to provide varying amounts of scaffolding for 

some students as they are struggling to internalize new knowledge.  Moreover, an 

individual�s need for assistance differs from task to task (Hogan; & Pressley.  1997: 84).  As 

a result, the process of scaffolding demands a full range of good teaching skills requiring a 

teacher�s full awareness, insight, knowledge, abilities and sensitivity (p. 76) as described 

above.  However, what follow are some means that might help to diminish these problems 

(pp. 84-85).                

   1. Organizing Students to Work in Groups: If students are organized to 

work in groups, the teacher scaffolds groups of students rather than all students, which 

makes it possible for each group to receive the teacher�s attention during a class period.  In 

addition, it takes less time than scaffolding a whole class setting.  This refers to cooperative 

learning which is the way to encourage students to become actively involved with their 

learning by working together, sharing their ideas and providing assistance to their peers.  

This method fits nicely within the social constructivist view. 

 2. Providing Students a Written Scaffold: Another approach to decrease 

the problems in scaffolding a whole class setting is to provide students with tools such as 

cue cards or question cards which are temporary supporting structures that help the 

students complete the tasks.    

 3. Fostering Self-regulated Learning: The more students can regulate 

themselves; the more the teacher has time to scaffold other students in need.  A ways to 

help the student internalize learning and take more responsibility of their learning is 

gradually removing assistance over times to help him/her complete the complex task 

independently.  Due to fading assistance over time, students need to develop the ability to 
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think back on their own on how to complete the task.  As a result, students become more 

and more independent in what to do next while they internalize the learning.  This is 

contrary to most classroom tasks that emphasize the rote memorization and recall of facts 

and skills.  These tasks do not promote the acquisition of metacognitive processes 

necessary for independent learning skills.   

  

 3.3 Research Related to Scaffolding    

  Although there are many challenges in scaffolding a whole class setting, many 

studies have shown that scaffolding is an effective way to promote students� learning.  What 

follow are some researches which successfully used scaffolding technique in a large scale 

setting. 

  McNeill; et al. (2006: 181) investigated the effects of scaffolds in instructional 

materials to support the construction of scientific explanation in seventh grade students 

during 8-weeks project-based chemistry unit.  Two types of written scaffolds were studied:  

1) continuous support, providing detailed support for every investigation, and 2) faded 

support, providing less support over time.  The analyses have shown that fading scaffold 

better prepared students to construct scientific explanations when they were no longer 

provided with the support and the students gained significant learning in all components of 

scientific explanation (i.e., claim, evidence and reasoning).  Hogan; Nastasi; & Pressley 

(2000: 380) examined the discourse components, interaction patterns and reasoning 

complexity of eighth grade students in science classrooms.  The teachers engaged in 

thoughtful dialogue with students, like novice-expert interaction and prompted students by 

using Socratic questioning as instructional scaffolding to expand and clarify their thinking 

without directly providing information.  The study revealed that the discussion affected 

students on the management of ideas, use of thinking tactics, and adherence to intellectual 

standards such as clarity and coherence.  In summary, the students reached higher levels 

of reasoning and explanations.   

  As described in former section, Smith, et al. (2000: 350) successfully 

developed sixth graders� epistemological view towards science by using elements of a 

constructivist pedagogy.  In depth, the teacher guided and scaffolded the students during 

their investigation of scientific ideas and their reflection on their inquiry.  In addition, many 

researchers successfully used technology-based scaffolds for large scale settings.  As 

benefits of advanced technology, scaffolders can save both their energy and their time.  For 
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instance, Land; & Zembal-Saul (2003: 79) provided college students enrolled in a physical 

science course various technology-based scaffolds to help them develop and revise 

evidence-based explanations about the nature of light during a long term project based 

learning experience.  Findings have shown that the computer-based scaffolds were useful 

to support articulation, reflection and revision of explanations.  However, the utility of the 

computer scaffolds was dependent on the extent to which the kinds of processing they 

supported were accessible to the learners.  In addition to science classes, Rittle-Johnson; & 

Koedinger (2005: 336) studied the results of scaffolding in mathematics classes.  Computer-

based scaffolding is designed to elicit conceptual, contextual and procedural knowledge for 

sixth grade students to improve their ability in adding and subtracting fractions.  The results 

have shown that the scaffolds facilitated the students� learning.  Students were more 

accurate across a range of problems, less made common errors, less needed the scaffolds, 

and more correctly used the conventional procedure.  These studies are evident to prove 

that scaffolding technique is a potential strategy for improving students� learning. 

 

4. Scientific Reasoning 

 

 The development of a scientific style reasoning ability is a prime goal of science 

education worldwide.  Especially in the current era, people are confronted by a multitude of 

socio-scientific issues which impact directly on their lives.  For this reason, people need to 

be well prepared to be more effective thinkers and assessors of information.  This concern 

for being adequately prepared has lead to an increase into research on children�s scientific 

reasoning across the past several decades (Zimmerman.  2005: 3).  Various concepts 

covering scientific reasoning are outlined and discussed in following section. 

 

 4.1 Conceptualizing the Term 1Scientific Reasoning2 

  In general, reasoning refers to the process of evaluating and generating logical 

arguments for people in their everyday life (Anderson.  1990: 290).  Similarly, Ellis; & Hunt 

(1989: 239-243) specified that reasoning is about how people reach a conclusion from 

either explicit or implicit premises.  Two basic kinds of reasoning: deductive reasoning and 

inductive reasoning are described below. 

   1. Deductive reasoning involves reaching a conclusion based upon general 

assumptions (premises) that are known to be true. 
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   2. Inductive reasoning involves drawing a conclusion based upon the basis 

of past experience.  This kind of reasoning is usually used in our daily life because each 

person reasons about situations based on his/her prior knowledge of what is likely to be the 

case.  Nevertheless, there is actually no guarantee that it will be absolutely right. 

  In science education, Sadler (2004: 514) indicates that scientific reasoning 

historically referred to formal reasoning, both deduction or induction, characterized by rules 

of logic and mathematics leading thinkers to conclusions.  According to Steussy�s study 

(1984: 2), the conception of scientific reasoning stemming from the concepts of Piaget's 

formal operations stage is as follows.  

 

"Scientific reasoning is used to denote consistent, logical thought patterns which are employed 

during the process of scientific inquiry that enable individuals to propose relationships between 

observed phenomena; to design experiments which test hypotheses concerning the proposed 

relationships; to determine all possible alternatives and outcomes; to consider probabilities of 

occurrences; to predict logical consequences; to weight evidence, or proof; and to use a number 

of instances to justify a particular conclusion".   

 

  In addition, Zimmerman (2005: Abstract) broadly defined scientific reasoning 

(SR) which Eincludes the thinking skills involved in inquiry, experimentation, evidence 

evaluation, inference and argumentation that are done in the service of conceptual change 

or scientific understandingD.  Additionally, he claimed that many researchers traditionally 

have limited their scope of studies in scientific reasoning by focusing on either the 

conceptual or procedural aspects because of broadly definitions of the term scientific 

investigation.  As a result, there are two approaches to studying the development of 

scientific reasoning as follows (pp. 6-10). 

   1. The Domain-Specific Approach: Knowledge about Scientific Concepts: 

The primary goal in this approach is to determine the domain-specific theories that students 

hold about scientific phenomena in various content domains of science.  Such studies have 

been labeled as scientific reasoning because the tasks used to assess such knowledge 

often require students to reason about situations, answer questions, or solve problems.  

The studies were based on students� current understanding and their learning progress with 

instruction without investigation.  Therefore, investigation skills typically are not included in 

the studies.     
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   2. The Domain-General Approach: Knowledge and Skills of Scientific 

Investigation: Another approach to understanding scientific reasoning has focused on the 

development of domain-general reasoning.  It involves the application of the methods or 

principles of scientific inquiry to reasoning or problem-solving situations.  Contrary to the 

conceptual development approach, participants are engaged in scientific inquiry practices, 

such as designing experiments, evaluating the findings from experiments and making 

inferences in the service of forming and/or revising claims about the phenomenon under 

their investigation. 

  Besides, Lawson (1995: 42-62) explains that scientific reasoning refers to 

logical thinking patterns based on rules of logic and mathematics and used all along the 

process of scientific inquiry such as proposing relationships between observed phenomena, 

determining all possible alternatives, considering probabilities of events, designing 

experiments, predicting logical consequences, weighting evidence and justifying a claim.  

The logical thinking patterns described by Lawson are consistent with the last stage of 

thought processes in human intellectual development usually classified by psychologists, 

called hypothetical-deductive (HD) thought.  The HD thinking patterns allow adolescent to 

create and test non-observable explanations for what is encountered.  These patterns are 

as follows. 

   1. Combinatorial Thinking (HD1): The individual systematically considers all 

possible relations of experimental or theoretical conditions, although some may not be 

realized in nature. 

   2. Identification and the Control of Variables (HD2): The individual 

recognizes the necessity of taking all known variables into consideration and designs a test 

that controls all variables except the one being investigated. 

   3. Proportional Thinking (HD3): The individual recognizes and interprets 

relationships between relations in a situation described by observable or theoretical 

variables. 

   4. Probabilistic Thinking (HD4): The individual recognizes the fact that 

natural phenomena themselves are probabilistic and that any conclusions or explanations 

must involve probabilistic considerations. 

   5. Correlational Thinking (HD5): In spite of fluctuations, the individual 

recognizes causes or relations in the studied phenomenon by comparing the number of 

confirming and disconfirming cases of hypothesized relations with the total number of 

cases. 
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 4.2 Research Related to Scientific Reasoning 

  In addition to being important to our everyday life as indicated above, scientific 

reasoning is also significant for supporting the learning of science.  For instance, Lavoie 

(1999: 1129-1130) studied effects of adding hypothetico-predictive reasoning at the 

beginning of the three phase science learning cycle on high school student�s process skills 

and conceptual understandings in biology.  The added phase required students to 

individually write predictions and explanatory hypotheses concerning concepts in genetics, 

homeostasis, ecosystems and natural selection.  This was followed by interactive debate of 

predictions and reasons.  It was found that the prediction/discussion-based learning cycle 

instruction leaded to significantly greater gain scores for process skills, logical-thinking skills, 

science concepts and scientific attitude, compared to traditional learning cycle instruction (p. 

1142).  In contrast, most researchers focus their researches on increasing students� 

scientific reasoning abilities.  A multitude of variables, such as prior knowledge, processing 

capacity, cognitive styles, age, sex, IQ, culture, majority/minority status, achievement and 

personality have been found to influence the development of scientific reasoning (Rifkin; & 

Georgakakos.  1996: Online).   

  As shown in Siripatharachai�s study (2006: 124), many factors result positively 

in fourth grade students� scientific reasoning skills.  The direct factors are democratic 

nurturing, mental ability, science achievement and scientific creativity.  Some factors 

indirectly effect through others.  Mental ability, for example, has indirectly effect through 

scientific creativity, science achievement and attitude towards science and democratic 

nurturing has indirectly effect through scientific creativity.  Kwon; & Lawson�s study (2000: 

47) supported obviously that the development of scientific reasoning is in part dependent on 

maturation of the brain and experiences.  Two hundred ten students ranging from 13.1 to 

17.1 years of age participated in the study.  The students were individually administered a 

written measure of scientific reasoning ability and a measure of air pressure concepts 

before and after instruction by using 14 lessons over 14 weeks.  Findings (pp. 56-57) have 

shown that scientific reasoning ability increasingly change during the age of adolescence 

with the dramatically increasing rate after 14 years old.  Additionally, it was found that 

reasoning ability was a main determinant for students� concept posttest scores.  Kwon; 

Lawson; Chung; et al. (2000: 1180) specifically studied development of proportional 

reasoning skill with 56 male students who failed to solve a diagnostic proportion task.  The 

results also support the effect of brain maturation on proportional reasoning skill and it was 
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found that students' computational skills are not the major predictor on their proportional 

reasoning skill.   

  For college students, Rifkin; & Georgakakos (1996: Online) asked college 

students to complete the Collegiate Assessment of Academic Proficiency (CAAP) Science 

Reasoning Test at the beginning and conclusion of a semester.  The results have shown 

that students who highly involved in sciences tend to devote their energy to study and 

experience science.  As a result, there was an increasing in students� scientific reasoning 

abilities.  Besides, Vass; Schiller; & Nappi (2000: 982) studied the effects of instructional 

intervention on improving proportional, probabilistic, and correlational scientific reasoning 

skills among undergraduate students majoring in education.  Students in the experimental 

group showed improvement in all three areas of reasoning after taking part in the 

specifically planned intervention consisting of three 20 minutes sessions over three weeks.  

It was also found that students with science and/or math backgrounds performed 

considerably better in all three areas of reasoning on both pre-test and post-test than did 

students with no science and/or math backgrounds (p. 993). 

  From review of the literature, such scientific reasoning skills are important to 

both successful science learning and living in today world.  A student should develop these 

skills as early as possible.  As a result, this study would focus on promoting four logical 

thinking patterns: identification and the control of variables, proportional thinking, 

probabilistic thinking and correlational thinking.  These skills could be supported by the 

process of scientific inquiry which is an emphasis of this study. 

 

5. Scientific Explanation 

 

 Scientific explanation plays a major role during knowledge building process among 

scientists.  Considering a myriad of controversial socioscientific issues, the ability to 

understand scientific claims and critically examine scientific findings is crucial for citizens 

(Takao; Prothero; & Kelly.  2002: 40).  As a result, scientific explanation is regarded as one 

of the crucial inquiry skills in science education.  In addition, to progress students� learning 

development, it is essential for them to have opportunities in using ideas by themselves like 

learning language through its use, not just to hear explanations from teachers, text books 

and other sources (Driver; Newton; & Osborne.  2000: 298).  Consequently, scientific 

explanation is also a good way for students to practice using their ideas.  Conceptions of 
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scientific explanation which is a key factor in this study are described in next section. 

 

 5.1 Conceptualizing the Term 1Scientific Explanation2 

  The literature of science education uses, scientific explanation and scientific 

argument, both of which share the common goal of elaborating and practicing in the 

process of knowledge construction.  In general, Freeman (2003: Online) claims that 

argument is closely related to explanation.  A person argues to convince others of a claim.  

On another hand, an explanation is provided to either account for something which 

audiences take to be a fact or provide them with an understanding of why something have 

occurred, not convincing the audiences.  An argument refers to a collection of two or more 

propositions, one of which is the conclusion supported by the remaining others called 

premises (Kemerling.  2006: Online).   

  Correspondingly, Jones (2001: 8-17) explains that an argument is a connected 

series of statements or propositions, some of which are intended to provide support and 

justification for the truth of another proposition; namely, an argument consists of one or 

more premises and a conclusion.  Jones also claims about the important difference 

between an argument and an explanation that the function of an argument is to prove its 

conclusion but the function of an explanation is to clarify some obscure meaning of events.  

Rottenberg (1994: 9-12) defines argumentation as Ethe art of influencing others, through the 

medium of reasoned discourse, to believe or act as we wish them to believe or actD.  The 

term argument, therefore, represents a form of discourse that attempts to persuade 

audiences to accept a claim, whether acceptance is based on logical or emotional appeals 

or both.  Each argument has three components: a claim, support and warrant defined as 

follows.  

   1. A claim (also called a proposition) is what the arguer is trying to prove.  

It often appears as the thesis statement in an essay. 

   2. Support consists of materials including evidence and motivational 

appeals, which are used to convince audiences.  Evidence might be facts, statistics, or 

testimony from experts.  Motivational appeals are what the arguer uses to change the 

audiences� values and attitude to accept the claim. 

   3. Warrant is a general principle or assumption that guarantees reliability of 

the relationship between the support and the claim.  It allows the audiences to make the 

connection between the claim and the support. 
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  In science education, de Vries; Lund; & Baker (2002: 64) mentions that 

scientific explanation and scientific argumentation are such epistemic activities as text 

writing, verbal interaction, or presentation that primarily involve in knowledge and 

understanding, rather than procedures.  Kemerling (2006: Online) specifies that Escientific 

explanation of an event has the form of an argument whose conclusion is the event to be 

explained and whose premises include both antecedent circumstances and one or more 

hypothesesD.  The term scientific explanation from instructional framework of the 

Investigating and Questioning our World through Science and Technology work (IQWST) is 

Ea written or oral response to a question that requires students to analyze data and interpret 

that data with regard to scientific knowledgeD (Krajcik.  2004?: Online).  The framework 

includes three components: a claim, evidence and reasoning which are consistent to the 

three components of argument by Rottenberg (1994).  The definition for each component is 

as follows (Kuhn; & Reiser.  2004: 7-9; McNeill; Lizotte; Krajcik; et al.  2006: 155-157).      

   1. A claim is an assertion or a testable statement that answers the 

question. 

   2. Evidence is scientific information used to support the claim.  The 

information (both qualitative and quantitative data) is from either students� experimentation 

or other sources such as reading material, learning resources.  To effectively support the 

claim, the data need to be: 1) appropriate and relevant to the question, 2) related to the 

given claim, and 3) sufficient to convince audiences. 

   3. Reasoning is a justification implementing scientific principles to show 

why the evidence supports the claim. 

  In this study, the researcher applies the term scientific explanation and draws 

the meaning of its components from the IQWST�s framework.  To construct logical scientific 

explanation, students need to pay attention carefully to all processes of doing inquiry.  

Consequently, scientific explanation is expectedly an effective way to promote students� 

scientific reasoning skills.   

 

 5.2 The Advantages of Practicing Scientific Explanation  

  Various advantages in practicing scientific explanation were purposed by many 

researchers.  Practices, such as weighing evidence, interpreting text and evaluating 

alternative scientific claims are all portrayed as important components in the construction of 

scientific arguments (Driver; Newton; & Osborne.  2000: 288).  These practices will engage 
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students into the norms of scientific arguments by which they may gain confidence in their 

use, and understand function and value of scientific arguments.  In addition, students have 

more opportunities for learning (de Vries; Lund; & Baker.  2002: 68).  As a result, having 

students engage in these activities may change or improve their image of science and 

enhance their understandings of the science content (McNeill; Lizotte; Krajcik; & et al.  

2006: 154).  Driver; Newton; & Osborne (2000: 298) correspondingly supported that the 

opportunity to socially construct and reconstruct one�s own personal knowledge through a 

process of argumentation can support his/her conceptual change.   

  Furthermore, it is a way to make the image of science as Esocially constructedD 

rather than collation of facts about the world (p. 301).  Kuhn; & Reiser (2004: 1) purposed 

that practices in constructing scientific explanations are the way for students to understand 

the phenomenon, and also motivate and guide them for engaging in the inquiry process.  

Additionally, it is a foundation of rational thought (Rottenberg.  1994: 9).  Students can also 

apply these skills in a variety of situations, not only in scientific issues.  Therefore, practices 

in constructing scientific explanations are treated as essentially pragmatic activities that 

benefit the students in many ways.  In summary, constructing scientific explanations could 

be a proficient method for students to promote their scientific reasoning skills because it 

allows them to think in the same way as that in the community of scientists.  Significantly, 

its values are worthy to put into science education.   

 

 5.3 Research Related to Scientific Explanation 

  Kuhn; & Reiser (2004: 1) revealed that constructing and discussing scientific 

explanations is a difficult task for students.  They need to find evidence to support their 

claims, connect evidence to the relevant scientific principles, and effectively communicate 

these understandings.  Previous studies examining students� construction of scientific 

explanations found difficulty in articulation and justification of their claims.  For instance, 

Bell; & Linn�s study (2000: 808) has shown that students had difficulty to providing backings 

for their arguments.  Likewise, McNeill; & Krajcik (in press: 28) examined middle school 

students' use of appropriate and inappropriate evidence in writing scientific explanations.  

They found that students had difficulty including appropriate evidence to support their 

claims.  Until the end of instruction by using the developed learning unit, a number of 

students still included inappropriate evidence in their explanations.  Additionally, Jansawang 

(2005: 85) also found that students from inquiry practices also made conclusions from their 
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inquiry without considering relationship of data.   

  From Sandoval�s study (2003: 42) concerning the interaction between students� 

epistemological ideas and their conceptual understanding.  Students reflected their 

understanding in form of written explanations.  It was found that the students failed to cite 

data explicitly to support claims because of difficulty in interpreting data and because they 

did not recognize the importance of explicit evidence in their explanation.  Takao; Prothero; 

& Kelly (2002: 47) analyzed the quality of students� written arguments from their introductory 

oceanography course and recommended that there is crucial to help students understand 

how to use data representations as evidence for more theoretical arguments and students 

need experiences both receiving critiques of their own writing and analyzing others� 

scientific arguments.  Sandoval; & Millwood (2005: 52) correspondingly suggested the way 

to promote student�s views of inquiry by providing an epistemic discourse of science, 

creating situations in the classroom in which students challenge each others� claims and 

evidence.   

  Kuhn; & Reiser (2004: 29-31) also purposed that students probably better 

defend their explanations if they have an audience.  This is a social context in which 

students can learn from others� explanation.  In their study, they provided students and 

teachers a framework which includes clear definition of three components, claim, evidence 

and reasoning to teach scientific principles and the scientific practices of constructing and 

defending explanations.  Through analysis of students� works, they found that the 

framework supported the students in using evidence to make sense of the phenomenon 

under study but the students were not clear in articulating the relationship between 

evidence and inferences in their explanations.  Furthermore, they also suggested two more 

related potential changes that could make this practice more effective.  First, the persuasive 

purpose of each component in the framework should be highlighted to emphasize the 

necessity of defending a claim and make the relationships between these components 

apparent.  Second, the students could be given explicit criteria for choosing between 

completing claims or selecting appropriate evidence.  Providing this information would be a 

step towards empowering students to engage in persuasive discourse about their ideas. 

  Besides, McNeill; et al. (2006: 181) explored the effects of fading scaffold in 

instructional materials to support construction of scientific explanation in seventh grade 

students during 8-weeks project-based chemistry unit.  The results have shown that the 

prompt successfully supported students in writing scientific explanations for all components 

(claim, evidence and reasoning).  In addition, they also found the relationship between 
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students� content knowledge and their ability to construct scientific explanations.  As a 

result, it is difficult to identify if students� difficulty stems from their lack of understanding 

about the content or scientific explanations when students construct poor explanations.  

Consequently, in order to understand the nature or development of scientific reasoning, an 

individual�s conceptual knowledge needs to be taken into consideration. 

 

6. Educational Assessment 

 

 6.1 Conceptualizing the Term 1Educational Assessment2 

  Educational assessment, defined by Airasian (2005: 9), means Ea broad 

process of collecting, synthesizing and interpreting information in which testing, 

measurement and evaluation play contributing partsD.  Popham (2003: 2) defined this term 

as a formal attempt to determine a student�s status with respect to an educationally relevant 

variable.  It can be classified in many different ways, based on purpose.  However, there 

seem to be two main purposes in educational assessment, which are diagnosing and 

improving student learning, and evaluating students.  More specific details for some types of 

educational assessment are explicated in following topic. 

 

 6.2 Types of Educational Assessment 

  Following topics have shown some categories of educational assessment 

which can be classified in many different ways just described above.    

  6.2.1 Large-Scale and Classroom Assessments (NRC.  2003: 11-18)   

   Large-scale assessments are designed to provide evidence about large 

numbers of students.  For example, strengths and weaknesses in curriculum or instruction 

can be assessed by large-scale tests making it possible to compare the performance of a 

massive number of students.  Evidence about nationwide performance also needs to use 

large-scale assessments.  In addition, large-scale assessments are also useful for 

certification or screening, for example, to identify students who are not ready for grade-level 

work in reading and who need follow-up targeted assessment to determine their specific 

needs for remediation. 

   Classroom assessment is a process to provide students feedback to 

improve their learning in some direct way, rather than to rank, evaluate, or certify the 

students� performance.  In addition, it is a means to gather information about students that 
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can be used to aid teachers in making instructional decision (Anderson.  2003: 4).  

Assessments that are intended primarily to provide feedback to students and to shape their 

learning are often called formative assessments described in a next topic.  Nonetheless, a 

large-scale assessment could serve formative purposes, just as a classroom assessment 

can also serve summative purposes. 

  6.2.2 Formative and Summative Assessments (Garrison; & Ehringhaus.  

2004: Online) 

   Formative assessments or assessments for learning are on-going 

processes such as teacher observation, classroom discussion, self and peer assessment, 

and analysis of student work, including homework and tests, which are intended to modify 

teaching and learning to ensure that students achieve targeted learning outcomes.  For 

instance, when students have trouble with their learning, teachers can use obtained 

information as feedback to adjust instruction in which they are engaged, such as trying 

alternative instructional approaches or offering more opportunities for practice.  These 

activities could lead to improving students� learning.   

   Summative assessments or assessments of learning are typically used to 

evaluate the effectiveness of instruction at a particular point in time.  The primary use is to 

make a judgment of student competency after an instructional phase is complete.  In 

addition, summative assessments are used to evaluate the effectiveness of programs, 

school improvement goals, alignment of curriculum, or student placement in specific 

programs.  However, a summative assessment can function as a formative assessment.  

For example, if results of a summative assessment indicate that over one half of the 

students failed to achieve the unit objectives, the teacher might spend few more days on 

those objectives with students who have learning difficulty (Anderson.  2003: 46). 

  6.2.3 Formal and Informal Assessment 

   Assessment can be either formal or informal.  Formal assessment is 

usually a written document, such as a test, quiz, or paper.  Formal assessment gives a 

numerical score or grade based on student performance.  In contrast, informal assessment 

does not contribute to a student's final grade.  It usually occurs in a more casual manner, 

including observation, inventories, participation, peer and self evaluation, and discussion.   

 

 

 



 

 

38 

  6.2.4 Norm-referenced and Criterion-referenced Assessments (Linn; & 

Gronlund.  2000: 42-44) 

    A norm-referenced assessment expresses students' scores in rank order, 

based on a distribution of scores.  It is comparative to show that one student is better than 

another student without indication of how well or poorly the student performed.  In norm-

referenced grading, hence, not all students can get the top grade, no matter how well they 

perform because the system is designed to ensure that there is a distribution of grades 

across the various grading categories (Airasian.  2005: 292).    

   A criterion-referenced assessment has set criteria (predetermined 

performance level) which define the level or score that a student will be achieved and 

therefore the pass/fail aspect of the assessment is most important.  Driver�s license test is a 

good example of criterion-referenced assessments, which often identify minimum 

acceptable levels of mastery.  It does not matter how well other test takers have done; it 

matters only that a prospective driver has mastered a particular body of essential 

knowledge.  In theory, all test takers could pass or alternatively fail the test.  Criterion-

referenced tests in education are widely used to monitor progress through objectives-based 

instructional programs, diagnose student weaknesses, evaluate programs, and assess 

competencies on certification examinations.  The most important thing in criterion-

referenced assessment is to establish cut-off score which is used to sort examinees into 

categories or decide pass-fail students.  Details of methods for setting cut-off scores are 

proposed in next topic. 

 

 6.3 Cut-Off Score 

  A wide variety of educational and psychological settings use criterion-

referenced testing with predetermined cut-off score as the passing point for an examination.  

At present, there are nearly 50 methods to set cut-off score, which are divided into 3 

categories (Berk.  1996: 215-216): 1) Judgmental Methods or Test-centered Methods; 2) 

Empirical Methods or Examinee-centered Methods; and 3) Combination Method.   

  In judgmental methods, such as Angoff�s method (1971), Ebel�s method (1979) 

and Nedelsky�s method (1954), experts set the cut-off score by reviewing individual item in 

the test and deciding on the level of performance on each item that is considered adequate 

for the field under consideration.  This leads to the determination of a minimum 

performance level (MPL) for the test, quantified by combining the experts� projection of the 
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performance of a minimally competent candidate on a combination of all test items.  In 

empirical methods, such as Livingston�s method (1975, 1976), Decision-Theoretic Approach 

(Glass, 1978), Huynh�s method (1980) and Krie-wall�s method (1972), experts determine 

cut-off score and make pass/fail decisions about actual examinees after they have written 

the test, rather than on hypothetical MPLs set a priori.  The distributional properties of the 

data (e.g., central tendencies and standard deviations) are examined and cut-off score is 

set based on these rather than on a priori cut-off score (Violato; Marini; & Lee.  2003: 61).  

Lastly, combination method, such as contrasting groups (Zieky and Livington, 1977), Berk�s 

method (1976), Bayesian method (Hambleton and Novick, 1973), determines cut-off score 

based on both judgmental and empirical methods.   

  Berk�s method (Berk.  1976: 4-9) is widely used in educational assessment 

because it is able to maximize the probability of correct mastery-nonmastery decisions or 

minimize the probability of incorrect decisions.  This method is to select empirically optimal 

cut-off score for a test based on response data from validation samples of instructed and 

uninstructed students.  There are two major components which involve with determination of 

the optimal cut-off score; 1) classification of outcome probabilities and 2) validity coefficient. 

  1) Classification of Outcome Probabilities 

   Two criterion groups are selected: instructed and uninstructed.  The 

instructed group (I) consists of students who received effective instruction on the objective 

to be assessed.  These students are masters (M).  Another group, uninstructed group (U), 

consists of students who have not received instruction on the objective.  These students are 

nonmasters (N).  The two groups should have the equal size of samples and each group 

should have at least 100 students to assure stable estimates of outcome probabilities.  If 

the sampling of independent instructed and uninstructed groups is not feasible, one pre-

instruction and post-instruction sample is recommended.  Then, test items (i) will be 

administered to the two groups.  Student scores, ranging from 0 to i, can be divided by a 

cut-off score (c) into two categories: predicted mastery and predicted nonmastery.  A 

frequency count of the number of students at or above the cut-off score identifies the group 

of students predicted to be masters (PM) and the number below the cut-off score are those 

predicted to be nonmasters (PN).  This classification results in four possible outcomes, 

which is displayed in Figure 3. 
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     1. True Masters (TM): instructed students whose test scores lie at or 

above the cut-off score; 

    2. False Masters (FM): uninstructed students whose test scores lie at 

or above the cut-off score (Type II misclassification error); 

    3. True Nonmasters (TN): uninstructed students whose test scores lie 

below the cut-off score; and  

    4. False Nonmasters (FN): instructed students whose test scores lie 

below the cut-off score (Type I misclassification error). 

 

  Criterion Classification 
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Nonmasters 
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FIGURE 3 PREDICTOR AND CRITERION CLASSIFICATION 

 

 From: Ronald A. Berk.  (1976).  Determination of Optimal Cutting Scores in 

Criterion-Referenced Measurement.  Journal of Experimental Education.  45(2): 5. 

 

   Score distributions of the two groups are the primary determinants of 

accurate classifying students as true masters and true nonmasters.  The degree of 

accuracy is dependent on the amount of overlap between the distributions.  The test would 

be useless for student classification if the distributions completely overlap.  In contrast, no 
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overlap indicates that the test can perfectly classify students.  Some overlap also occurs, 

exemplified in Figure 4.   

 
 

FIGURE 4 PREDICTOR AND CRITERION CLASSIFICATION OF STUDENTS FOR   

      INSTRUCTED AND UNINSTRUCTED GROUP SCORE DISTRIBUTIONS  

 

 From: Ronald A. Berk.  (1976).  Determination of Optimal Cutting Scores in 

Criterion-Referenced Measurement.  Journal of Experimental Education.  45(2): 6. 

 

   The point at which the distributions intersect is the optimal cut-off score 

(C).  Cut-off scores which are located above C will increase Type I misclassification error 

(FN) and decrease Type II error (FM).  On the contrary, Type I error (FN) will decrease and 

Type II error (FM) will increase if cut-ff scores are below C.  The following steps are the 

way to identify the optimal C, the two-way classifications of outcome probabilities.  The first 

step is to set up a two-way classification of a given frequency distribution for each possible 
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cut-off score.  The probabilities of the four outcomes can then be calculated from the 

following formulas: 

    P(TM) = TM/(M+N) 

    P(FM) = FM/(M+N) 

    P(TN) = TN/(M+N) 

    P(FN) = FN/(M+N) 

   These probabilities are then used to calculate probability or incidence of 

mastery in population (BR) and probability of predicted mastery in population (SR) from the 

following formulas. 

    BR = p(FN) + p(TM) 

    SR = p(TM) + p(FM) 

   Therefore, the probability of nonmastery in population is expressed as 1 - 

BR and the probability of predicted nonmastery in population is 1 M SR.   

   Determination of optimal cut-off score focuses on the score which 

maximizes the probability of correct decisions, p(TM) + p(TN), and minimizes the probability 

of incorrect decisions, p(FN) + p(FM).  In addition, validity coefficient will also be considered 

in order to choose the most optimal cut-off score. 

  2) Validity Coefficient 

   Validity coefficient is an alternative factor to consider the optimal cut-off 

score.  The cut-off score which has the highest coefficient will yield the highest probability 

of correct decisions.  The validity coefficient is the Pearson correlation between the two 

dichotomous variables (phi coefficient, φφφφvc).  It can be easily computed by using the formula 

 

P(TM) M BR(SR) 
φφφφvc = 

√BR (1-BR) SR (1-SR) 
 

   The formula shows that the maximum value of the coefficient will be 

reached (φφφφvc = 1.00) only when BR is equal to SR.  In summary, the optimal cut-off score is 

the score that has the lowest p(FM) + p(FN), the highest p(TM) + p(TN) and the highest 

φφφφvc. 
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 6.4 Bloom=s Taxonomy 

  Assessment of student learning can be accomplished by measuring Benjamin 

Bloom�s dimensions of knowledge.  The well-known taxonomy of learning objectives is an 

attempt within the behavioral paradigm to classify forms and levels of learning in three 

domains of learning: 1) Cognitive: mental skills (Knowledge), 2) Affective: growth in feelings 

or emotional areas (Attitude), and 3) Psychomotor: manual or physical skills (Skills).  Each 

domain is organized as a series of levels or pre-requisites, described below (Airasian.  

2005: 62-67; The University of Mississippi.  2005: Online). 

  6.4.1 Cognitive Domain  

   The cognitive domain involves knowledge and the development of 

intellectual skills.  There are six major categories which are listed in order below, starting 

with the simplest behavior to the most complex.  The categories can be thought of as 

degrees of difficulties.  Consequently, the first one must be mastered before the next one 

can take place. 

    1. Knowledge: Remembering or recalling appropriate, previously 

learned information to draw out factual answers 

    2. Comprehension: Translating, interpreting and understanding the 

meaning of informational materials 

    3. Application: Applying previously learned information (or knowledge) 

to new and unfamiliar situations 

    4. Analysis: Breaking down information into parts, or examining (and 

trying to understand the organizational structure of) information 

    5. Synthesis: Applying prior knowledge and skills to combine elements 

into a pattern not clearly before 

    6. Evaluation: Judging or deciding according to some set of criteria, 

without real right or wrong answers 

  6.4.2 Affective Domain 

   This domain is concerned with things emotionally, such as feelings, values, 

appreciation, enthusiasms, motivations and attitude.  The five major categories are listed 

from the simplest behavior to the most complex one.   

    1. Receiving Phenomena: Awareness, willingness to hear, selected 

attention. 
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    2. Responding to Phenomena: Active participation on the part of the 

learners.  Attends and reacts to a particular phenomenon.  Learning outcomes may 

emphasize compliance in responding, willingness to respond, or satisfaction in responding 

(motivation).   

    3. Valuing: The worth or value a person attaches to a particular object, 

phenomenon, or behavior.  This ranges from simple acceptance to the more complex state 

of commitment.  Valuing is based on the internalization of a set of specified values, while 

clues to these values are expressed in the learner Rs overt behavior and are often 

identifiable.   

    4. Organization: Organizes values into priorities by contrasting different 

values, resolving conflicts between them, and creating a unique value system.  The 

emphasis is on comparing, relating, and synthesizing values.   

    5. Internalizing values (characterization): Has a value system that 

controls their behavior.  The behavior is pervasive, consistent, predictable and, most 

importantly, characteristic of the learner.  Instructional objectives are concerned with the 

student's general patterns of adjustment (personal, social, emotional). 

  6.4.3 Psychomotor Domain 

   The psychomotor domain includes physical movement, coordination and 

use of the motor-skill areas.  Development of these skills requires practice, and these skills 

are measured in terms of speed, precision, distance, procedures or techniques in execution.  

The five major categories are listed from the simplest behavior to the most complex one as 

follows.   

    1. Imitation - early stage in learning a complex skill, overtly, after the 

individual has indicated a readiness to take a particular type of action.  Imitation includes 

repeating an act that has been demonstrated or explained, and includes trial and error until 

an appropriate response is achieved. 

    2. Manipulation - individual continues to practice a particular skill or 

sequence until it becomes habitual and the action can be performed with some confidence 

and proficiency.  The response is more complex than at the previous level, but the learner 

still isn't "sure of him/herself." 

    3. Precision - skill has been attained.  Proficiency is indicated by a 

quick, smooth, accurate performance, requiring a minimum of energy.  The overt response 

is complex and performed without hesitation. 
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    4. Articulation - involved an even higher level of precision.  The skills 

are so well developed that the individual can modify movement patterns to fit special 

requirements or to meet a problem situation. 

    5. Naturalization - response is automatic.  The individual begins to 

experiment, creating new motor acts or ways of manipulating materials out of 

understandings, abilities and skills developed.  One acts "without thinking." 
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CHAPTER 3 

 METHODOLOGY 

 

 The purpose of the study is to develop the learning unit, titled �Matter in Daily Life�, 

which is based on the third strand of the Thai National Science Curriculum Standards.  

Scientific explanation was incorporated into activities of the learning unit which followed 

fading scaffold technique for promoting middle school students$ scientific reasoning skills.  

Methodology of the study described in this chapter is composed of five major sections as 

follows. 

  1. Sources of Data 

  2. Research Procedures 

  3. Research Instruments 

  4. Statistical Analysis 

  5. Roles of Individual in the Study 

 

1. Sources of Data 

 

 Data collection of the research study included two main stages: 1) field trial study 

stage and 2) confirmatory study stage.  Sources of all data are detailed below. 

 1.1 Sources of Data of Field Trial Study Stage 

  1.1.1 Teacher 

   A science teacher who has six and half years experiences in teaching 

science and chemistry for middle school and high school students respectively at Khon 

Kaen University Demonstration School in Khon Kaen province.  

  1.1.2 Student 

   A classroom of seventh grade students (49 students) who studied science 

topics based on the third strand of the Thai National Science Curriculum Standards in the 

second half of the first semester of the 2007 academic year at Khon Kaen University 

Demonstration School in Khon Kaen province. 
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 1.2 Sources of Data of Confirmatory Study Stage 

  1.2.1 Teacher 

   A science teacher who has five and half years experiences in teaching 

science and chemistry for middle school and high school students respectively at 

Wattananakorn School in Srakaeo province.  

  1.2.2 Student 

   Population 

    Four classrooms of seventh grade students who studied science topics 

based on the third strand of the Thai National Science Curriculum Standards in the first half 

of the second semester of the 2007 academic year at Wattananakorn School, Srakaeo 

province. 

   Sample 

    A classroom of seventh grade students (43 students) who studied 

science topics based on the third strand of the Thai National Science Curriculum Standards 

in the first half of the second semester of the 2007 academic year at Wattananakorn School, 

Srakaeo province.  

 

2. Research Procedures 

 

 The research procedures for the study consisted of three major stages as follows.  

1) Learning unit development, 2) Learning unit implementation in confirmatory study and  

3) Learning unit evaluation.  These processes are depicted in Figure 5.  Details for each 

stage are given below. 
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FIGURE 5 PROCEDURES OF THE RESEARCH STUDY 

Research Procedures  

The Learning Unit Development Stage  

Confirmatory Study Stage 

Studying related documents 
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 2.1 Learning Unit Development 

  This stage was to study related documents and to design the learning unit.   

  2.1.1 Learning Unit Preparation 

   This step involved studying and considering related documents for 

developing the learning unit.  These documents included Thailand$s National Education Act 

of 1999 and Amendments (Second National Education Act of 2003), the Thai Basic 

Education Curriculum of 2001, the Thai National Science Curriculum Standards and articles 

covering educational psychology, instructional strategies, instructional design, scientific 

inquiry, scientific explanations, scientific reasoning skills, attitude towards science and 

classroom assessment.  Information from the literature review was used for designing the 

learning unit detailed in following step. 

  2.1.2 Learning Unit Design 

   The purposes of this step were to design and develop drafts of all 

documents of the learning unit.  The processes for this step include: 1) Developing drafts of 

the learning unit, 2) Evaluating the learning unit by experts and 3) Implementing the 

learning unit in field trial study.  Each process is illustrated next in more details. 

   2.1.2.1 Developing Drafts of the Learning Unit 

    This step was to write drafts of the learning unit documents.  It began 

from formulating goals of the learning unit, then targeting curriculum standards, organizing 

the learning unit and lastly developing drafts of the learning unit documents.  These 

documents include a teacher$s manual and instructional plans.  Details for each process are 

described below. 

    1. Formulating Goals of the Learning Unit  

     The goals of Thailand$s National Education Act of B.E. 2542 (A.D. 

1999) and Amendments (Second National Education Act B.E. 2545 (A.D. 2002)) (ONEC: 

Thailand.  2006) and the Basic Education Curriculum B.E. 2544 (A.D. 2001) (Ministry of 

Education.  2002) were studied and analyzed.  Additionally, issues and needs of current 

science education were considered in order to formulate the goals of the learning unit.   

    2. Targeting Learning Standards 

     The curriculum standards, focused on within this study, were 

drawn from Sub-strand 3: Matter and Properties of Matter which is one of 8 Sub-strands of 

the Thai National Science Curriculum Standards in the Basic Education Curriculum of 2001 

(Ministry of Education.  2002: 19).  There are 2 standards in this Sub-strand, detailed below, 



 50 

which determine expected student attributes at the end of their basic education. 

 

 Standard Sc 3.1: The student should be able to understand (1) properties of 

matter, (2) relationship between properties and structures and (3) forces 

among particles.  The student should have a scientific mind and have 

mastery of investigative processes.  The student should have the ability to 

communicate knowledge acquired and apply it positively. 

 Standard Sc 3.2: The student should be able to understand the principles and 

nature of (1) changes of state of matter, (2) formation of solutions and (3) 

chemical reactivity.  The student should have a scientific mind and have 

mastery of investigative processes.  The student should have the ability to 

communicate knowledge acquired and apply it positively. 

 

     However, not all aspects of above standards were used in 

developing the learning unit.  These standards are for students from first grade to twelfth 

grade.  As a result, some learning standards which are suitable for middle school students 

were drawn and used in the learning unit development.  In addition, contents in the learning 

unit were drawn also from the above learning standards.  Subsequently, these contents 

were analyzed and organized as concept flow with prerequisite content knowledge of each 

concept. 

    3. Organizing the Learning Unit 

     This step was to use the concept flow to arrange activities in the 

entire learning unit.  The activities were determined and expected learning outcomes for 

each activity were purposed also.   

     An important goal of this study was to avoid using typical 

cookbook type laboratories in order to promote scientific thinking skills of the student.  

However, implementing open-ended scientific inquiry with middle school students seems to 

be difficult.  It should not be too difficult if the students are given the chance to practice little 

by little with close assistance by more knowledgeable person or their teacher in this case.  

In order to enable students to complete the challenging tasks in this study, the fading 

scaffold technique was considered as a powerful means applied in the design of the whole 

activities$ structure.   
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     The main idea of this technique is to adjust the structure of the 

activities or the student practices across time (from structured and directed activity to 

unstructured and less directed activity) in order to encourage the students to be more 

responsive for their learning.  This means the students needed to do tasks which were 

getting more and more complex as time went by.  In another word, assistance from the 

teacher was gradually faded out over times.  Nevertheless, the teacher still kept helping 

students when they needed it.  As a result, the students should internalize their learning 

and became less dependent on the teacher$s help.  They should then transfer their scientific 

inquiry skills and knowledge to the next lessons, solving new problems with gained inquiry 

skills and knowledge.  As a consequence, these students should be able to solve any 

problem in the future on their own on a basis of scientific thinking as this study$s goals. 

     The tasks or practices which should support the students$ scientific 

thinking were divided into 5 sub-tasks (STs) for complexity adjustment, listed from the most 

complex task to the least one as follows. 

    ST 1: To choose a topic and identify a problem for study 

    ST 2: To plan and design procedure/method of the study 

    ST 3: To plan and design data collection and questions for discussion  

    ST 4: To analyze and discuss data from the study 

    ST 5: To formulate and report conclusions of the study 

     Instructional processes of each activity in the learning unit were 

arranged using five steps of the learning cycle: Engagement, Exploration, Explanation, 

Elaboration and Evaluation.  The framework written in this step was used as guideline to 

developing teacher manual and instructional plans in the next step. 

     4. Developing Drafts of the Learning Unit Documents 

     Teacher Manual: The teacher manual was written to provide the 

participating teacher necessary information about the learning unit.  In addition, the manual 

informs the teacher what he/she needs to do and how to do it before and during 

implementing the learning unit.   

     Instructional Plans: The instructional plans were designed by 

including learning activities that are consistent to the structure set by the fading scaffold 

technique.  Each instructional plan consists of 9 major sections: structure of activities, 

learning objectives, prerequisite knowledge, main concepts, pre-class preparation, 

instructional sequences, instructional materials, learning resources, and assessment and 
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evaluation.  Materials and procedures used in the activities are simple and found easily in 

daily life.  After developing drafts was done, these documents were sent to three experts for 

proofreading and evaluation.  Details of this step are shown in the next section. 

   2.1.2.2 Evaluating the Learning Unit by Experts 

    This step was to assess and evaluate effectiveness of the learning unit 

drafts by the three experts: a science education instructor, a science education specialist 

and a middle school science teacher (see Appendix A).  The experts used a learning unit 

evaluation form developed by the researcher to examine and verify the learning unit drafts.  

This was done on the basis of their validity and correspondence of all components (e.g., 

background and rationale, goals of the learning unit, grade level, contents, learning activities, 

instructional materials, and assessment and evaluation).  After this was completed, the 

researcher had discussion with each of the experts about results of the evaluation.  All of 

the information and suggestions from the experts were then used to revise and complete 

the learning unit drafts before these documents were used in the field trial study. 

   2.1.2.3 Implementing the Learning Unit in Field Trial Study 

    This step was to implement the learning unit with learners who had 

high achievement and high readiness for learning in order to 1) test quality of the learning 

unit in case of time, appropriateness and flow of the instructional sequences, 2) check some 

problems that might occur and 3) gather data to determine criteria for confirmatory study.  

Initially, the researcher contacted the director of Khon Kaen University Demonstration 

School by sending an official letter to ask for permission to do the field trial study during the 

second half of the first semester of the 2007 academic year.  After the permission, the 

participating teacher and the researcher discussed about background and rationale of the 

study, goals of the learning unit, learning standards, content and prerequisite knowledge, 

activities and expected learning outcomes, meaning of fading scaffold technique and 

structure of the activities in the learning unit.  The participating teacher subsequently spent 

one week with the researcher to study all of instructional materials and try to do the 

activities in the learning unit.   

    During the field trial study, a scientific reasoning test, a learning 

achievement test and an attitude towards science measure were administered initially within 

a classroom of seventh grade students (49 students).  Then, these students were taught by 

the participating teacher using the learning unit which lasted 21 periods.  The students 

worked in groups of six during the instruction time and each student was required to hand 

in a completed lab report every week.  The researcher carried out classroom observation 
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during the instruction periods and used the classroom observation form to record the 

procedures and happening.  After each instruction, the participating teacher and the 

researcher discussed the classroom events so that findings, comments and suggestions 

were shared.  At the end of the teaching for the whole learning unit, the students took the 

same scientific reasoning test, learning achievement test and attitude towards science 

measure.  Data from these tests were used as part of the procedure for determination of 

effectiveness of the learning unit and determination of criterion to evaluate effectiveness of 

the learning unit in the confirmatory study.  In addition, there was discussion again between 

the participating teacher and the researcher at the end to share feedbacks about using the 

learning unit and its quality.  The learning unit was then revised again by applying 

information from the field trial study.  What was changed was stated in chapter 4.  After 

completing revision process, the learning unit was ready to use in the confirmatory study.  

The details for this stage are shown in the next section. 

 

 2.2 Learning Unit Implementation of Confirmatory Study Stage 

  This stage was concerned with: 1) implementation of the learning unit with 

another group of learners who had lower achievement and lower readiness for learning, and 

2) gathering of data for the evaluation of effectiveness of the learning unit.  The following 

topics show details of this stage: namely, procedures, data collection and data analysis. 

  2.2.1 Procedures 

   Most processes in this stage matched those in the field trial study.  The 

researcher contacted the director of Wattananakorn School by sending an official letter to 

ask permission to undertake the confirmatory study during the first half of the second 

semester of the 2007 academic year.  After the permission was granted, the participating 

teacher and the researcher held discussions about the background and rationale of the 

study, goals of the learning unit, learning standards, content and prerequisite knowledge, 

activities and expected learning outcomes.  These discussions covered most importantly the 

meaning of the fading scaffold technique, the structure of the activities and operating 

procedures to be followed when using this technique.  Subsequently, the participating 

teacher spent one week with the researcher to study all of instructional materials and 

perform the activities in the learning unit.  Additionally, the researcher shared and discussed 

feedbacks received from the field trial study.  In the confirmatory study, the classroom of 

seventh grade students (43 students) was taught by the participating teacher using the 
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learning unit which lasted 23 periods.  This change in the duration of teaching during the 

use of the learning unit is described in chapter 4.  This classroom was drawn from three 

seventh grade classrooms in the school by simple sampling.  The students worked in 

groups of six during the instruction and they were required to hand in individually a 

completed lab report each week.  During the class periods, the researcher observed closely 

the classroom environment.  After implementing each instructional plan, the participating 

teacher and the researcher discussed the classroom events in order to share findings, 

comments and suggestions.  As in the field trial study, the participating teacher and the 

researcher discussed feedback from the learning unit implementation again after the entire 

set of instructional plans had been implemented.  Details concerning the data collection of 

the learning unit implementation are explained in the next section.   

  2.2.2 Data Collection 

   The data collection was performed regularly during the implementation 

process of the learning unit because the design of the study was mixed-method which 

collected both quantitative and qualitative data.  The students took the scientific reasoning 

test, the learning achievement test and the attitude towards science measure before being 

instructed by using the learning unit (Pre-test).  After the learning unit implementation was 

done, the students took the same tests and the same measure again (Post-test).  In 

addition, the researcher observed the classroom environment to gather qualitative data 

during the class periods.  This was carried out using the classroom observation form.  In 

addition to gathering these data, the participating teacher$s opinion towards the learning unit 

was also assessed by the researcher using the teacher$s opinion towards the learning unit 

interview form.  Questions in the interview involved attributes of the learning unit and its 

application.  All of the data collection was presented in Table 3 below.  The details about 

the instruments and their construction are shown in the next following section.   
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TABLE 3 DATA COLLECTION IN THE CONFIRMATORY STUDY 

 

Time 
Type of 

data 
Instrument Data 

B
ef
o
re
 

D
u
ri
n
g
 

A
ft
er
 

A scientific reasoning test Scientific reasoning score /  / 

A learning achievement test Learning achievement score /  / 

Quantitative 

Data 

An attitude towards science 

measure 

Attitude towards science 

score 

/  / 

A classroom observation form Procedures and happening   /  Qualitative 

Data A teacher$s opinion towards 

the learning unit interview 

form   

Teacher$s opinion towards 

the learning unit  

  / 

   

  2.2.3 Data Analyses 

   Data received from the learning unit implementation included quantitative 

and qualitative data as shown in Table 3.  Quantitative data consisting of scientific 

reasoning score, learning achievement score and attitude towards science score were 

analyzed using descriptive statistics and inferential statistics by the program of Statistical 

Package for the Social Sciences (SPSS) for Windows.  Qualitative data of the observation 

of classroom environment and the teacher$s opinion towards the learning unit were 

analyzed and interpreted in term of a descriptive report.  In-depth details about statistical 

analysis are explained in the following topic.   

 

 2.3 Learning Unit Evaluation  

  Collected data were analyzed using descriptive statistics and inferential 

statistics as stated above.  This stage was to evaluate effectiveness of the learning unit by 

considering 5 hypotheses as follows. 

  1. The students' scientific reasoning mean score after learning using the 

learning unit is higher than the scientific reasoning cut-off score at the 0.05 level of 

significance. 

  2. The students' learning achievement mean score after learning using the 

learning unit is higher than the learning achievement cut-off score at the 0.05 level of 

significance. 
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  3. The students' scientific reasoning post-test score positively correlate to the 

students' learning achievement post-test score at the 0.05 level of significance. 

  4. The students' attitude towards science mean score after learning using the 

learning unit are higher than before at the 0.05 level of significance. 

  5. The students' attitude towards science after learning using the learning unit 

is at high level at the 0.05 level of significance. 

 

3. Research Instruments 

 

 There were 7 major types of instruments used in the study: 1) the learning unit, 2) 

the learning unit evaluation form, 3) the scientific reasoning test, 4) the learning 

achievement test, 5) the attitude towards science measure, 6) the classroom observation 

form and 7) the teacher$s opinion towards the learning unit interview form.  Details of 

developing these instruments are given in the next sections. 

 

  3.1 The Learning Unit 

  Details of the development of the learning unit were described above in the 

topic of research procedures.   

 

 3.2 The Learning Unit Evaluation Form 

  The learning unit evaluation form was developed for examining and verifying 

the learning unit draft on the basis of its content validity and correspondence of all 

components (e.g., background and rationale, goals of the learning unit, grade level, 

contents, learning activities, instructional materials, and assessment and evaluation).  The 

evaluation form is an 11 item questionnaire which has three-point rating scale consisting of 

1 = corresponding, 0 = not sure and -1 = not corresponding.  Each question ends with a 

comment and suggestion section.  This form was used by the experts after the learning unit 

drafts were developed completely.  The procedures for constructing the learning unit 

evaluation form are listed as follows. 

   1. Determine elements for evaluating the learning unit draft documents; 

   2. Write the evaluation form draft; 

   3. Validate the evaluation form draft by three dissertation advisors; and 

   4. Revise the evaluation form draft by applying comments and suggestions 
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from the three advisors. 

    

 3.3 The Scientific Reasoning Test 

  The students$ scientific reasoning skills were assessed by the scientific 

reasoning test adapted from the Test of Logical Thinking (TOLT) (Tobin.  2006: Online).  

Four reasoning types assessed on the scientific reasoning test consist of proportional 

reasoning, controlling variables, probabilistic reasoning and correlational reasoning.  The 

scientific reasoning test consists of eight test items.  Two test items assess each type of 

reasoning skills.  Each question ends up with follow-up reasoning section.  The test was 

used before and after implementing the learning unit.  The procedures for constructing the 

scientific reasoning test are listed as follows. 

   1. Analyze science contents proper for reasoning; 

   2. Write the scientific reasoning test draft; 

   3. Validate the scientific reasoning test draft by the three dissertation 

advisors; 

   4. Revise the scientific reasoning test draft by applying comments and 

suggestions from the three advisors;  

   5. Examine and verify content validity, questioning, choices, 

correspondence between questions and measured behaviors, and wording by the three 

experts.  Item Objective Congruence (IOC) was considered from a three-point rating scale 

assessment form consisting of 1 = corresponding, 0 = not sure and -1 = not corresponding.  

Items with the IOC index above 0.50 were selected and it was then revised again by 

applying comments and suggestions from the experts; 

   6. Try out the scientific reasoning test draft with a classroom of eighth 

grade students (47 students) in Khon Kaen University Demonstration School to test difficulty 

(p) and item discrimination (r).  The items with the p index between 0.20-0.80 and the r 

index above 0.20 were selected; and 

   7. Determine reliability of the test using the Kuder-Richardson 20 for 

objective part and the Cronbach$s alpha (α) for subjective part.  These two reliability values 

were transformed to be Fisher z coefficient by Table of Fisher z coefficient (Ferguson.  

1976: 493).  These Z values were averaged and changed back to be reliability again.  
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 3.4 The Learning Achievement Test   

  Students$ learning achievement was assessed by the learning achievement 

test which was implemented before and after using the learning unit.  Four categories of 

behavior assessed on the learning achievement test consist of knowledge, comprehension, 

science process skills and application.  The learning achievement test consists of 25 

multiple choices test items, each of which has four choices with only one correct answer.  

The procedures for constructing the learning achievement test are listed as follows. 

   1. Analyze the learning objectives by creating table of specifications; 

   2. Write draft of the learning achievement test;  

   3. Validate the learning achievement test draft by the three dissertation 

advisors; 

   4. Revise the learning achievement test draft by applying comments and 

suggestions from the three advisors;  

   5. Examine and verify content validity, questioning, choices, 

correspondence between questions and measured behaviors, and wording by the three 

experts.  Item Objective Congruence (IOC) was considered from a three-point rating scale 

assessment form consisting of 1 = corresponding, 0 = not sure and -1 = not corresponding.  

Items with the IOC index above 0.50 were selected and it was then revised again by 

applying comments and suggestions from the experts; 

   6. Try out the learning achievement test draft with a classroom of eighth 

grade students (47 students) in Khon Kaen University Demonstration School to test difficulty 

(p) and item discrimination (r).  The items with the p index between 0.20-0.80 and the r 

index above 0.20 were selected; and 

   7. Determine internal consistency reliability of the learning achievement 

test using the Kuder-Richardson 20.   

   

 3.5 The Attitude towards Science Measure 

  Students$ attitude towards science was assessed using the attitude towards 

science measure which was implemented before and after using the learning unit.  This 

measure was translated from Kind; Jones; & Barmby (2007: 880-881)$s attitude towards 

science measure.  It aimed to examine the students$ cognitive and emotional opinions about 

six aspects of science; learning science in school, self-concept in science, practical work in 

science, science outside of school, future participation in science and importance of 
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science.  The attitude towards science measure consists of 37 items which are five-point 

rating Likert Scale consisting of: 1= strongly disagree, 2 = disagree, 3 = neutral, 4 = agree 

and 5 = strongly agree.  The procedures for constructing the attitude towards science 

measure are listed as follows.  

   1. Ask for permission to use the attitude towards science measure; 

   2. Adapt and translate the attitude towards science measure into Thai 

language;  

   3. Validate the attitude towards science measure draft by the three 

dissertation advisors; 

   4. Revise the attitude towards science measure draft by applying 

comments and suggestions from the three advisors;  

   5. Try out the attitude towards science measure with a classroom of eighth 

grade students (47 students) in Khon Kaen University Demonstration School to determine 

internal consistency reliability of the measure using Cronbach$s alpha (α).   

  

 3.6 The Classroom Observation Form 

  Overall quality of using the learning unit was assessed by the classroom 

observation form.  The classroom observation form consists of 6 open-ended questions.  It 

was used by the researcher during the learning unit implementation.  The procedures for 

constructing the classroom observation form are as follows. 

   1. Determine elements for observing the classroom events; 

   2. Write draft of the classroom observation form;  

   3. Validate the classroom observation form draft by the three dissertation 

advisors; 

   4. Revise the classroom observation form draft by applying comments and 

suggestions from the three advisors; and 

   5. Examine and verify questioning and wording by the three experts.  Then, 

it was revised again by applying comments and suggestions from the experts. 

 

 3.7 The Teacher2s Opinion towards the Learning Unit Interview Form  

  The participating teacher$ opinion towards the learning unit was assessed by 

the teacher$s opinion towards the learning unit interview form.  The teacher$s opinion 

towards the learning unit interview form consists of 12 open-ended questions.  It was used 
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by the researcher to interview the participating teacher after implementation of the whole 

learning unit to collect data about using the learning unit, problems and suggestions.  The 

procedures for constructing the teacher$s opinion towards the learning unit interview form 

are as follows.  

   1. Determine elements for interviewing the teacher$ opinion towards the 

learning unit; 

   2. Write the teacher$s opinion towards the learning unit interview form draft.   

   3. Validate the teacher$s opinion towards the learning unit interview form 

draft by the three dissertation advisors; 

   4. Revise the teacher$s opinion towards the learning unit interview form 

draft by applying comments and suggestions from the three advisors; 

   5. Examine and verify questioning and wording by the three experts.  

Then, it was revised again by applying comments and suggestions from the experts; 

 

4. Statistical Analyses 

  

 Statistics used in this study included 2 categories: 1) statistics for testing materials 

and 2) statistics for testing hypotheses.  Details of these statistics are given below.   

 

 4.1 Statistics for Testing Materials 

  4.1.1 Descriptive Statistics 

   Descriptive statistics such as mean and standard deviation was used to 

analyze correspondence of all components in the learning unit according to the experts$ 

opinion.  These were calculated by the SPSS program. 

  4.1.2 Index of Item Objective Congruence (IOC) 

   Index of Item Objective Congruence was used to analyze correspondence 

of all components in the learning unit, and objective correspondence of the learning 

achievement test and the scientific reasoning test.  The Index of Item Objective Congruence 

was calculated from the following formula: 

 

IOC   =   ΣΣΣΣR 

               N 
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Where IOC is Index of Item Objective Congruence 

 R is Rating scores 

 N is Number of cases in the set of scores 

 

  4.1.3 Cronbach2s Alpha (α)  

   Cronbach$s alpha was used to measure the internal consistency of the 

attitude towards science measure.  Formula for calculating the Cronbach$s alpha is as 

follows (Kerlinger; & Lee.  2000: 656).  

 

k ΣΣΣΣVi 
α = 

k-1 
( 1 - 

Vt 

) 
 

Where α is The Cronbach$s alpha  

 k is The number of items on the test 

 Vi is The variance of the each score 

 Vt is The variance of the total scores 

 

  4.1.4 The Kuder-Richardson 20 (KR-20) 

   KR-20 was used to calculate internal consistency reliability of the scientific 

achievement test and the scientific reasoning test.  Formula for calculating the KR-20 is as 

follows (Kerlinger; & Lee.  2000: 656).  

 

k Vt - ΣΣΣΣpiqi 
rtt = 

k - 1 
( 

Vt 

) 
    

Where rtt is Reliability of the test  

 k is The number of items on the test 

 Vt is The variance of the total scores 

 pi is The proportion of test takers who answer item-i correctly 

 qi is The proportion of test takers who answer item-i incorrectly 
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  4.1.5 The Difficulty Index, the Easiness Index and the Discrimination Index 

   The difficulty index and the discrimination index were used to determine 

item difficulty and item discrimination of the learning achievement test and scientific 

reasoning test.  Two categories of these indexes are for different types of tests: objective 

test and subjective test.  The difficulty index (p) and the discrimination index (r) for objective 

test are as follows (Kerlinger; & Lee.  2000: 660-661).    

 

Number of students answering item correctly 
p index = 

Total number of students taking test 

   

PT - PB 
r index = 

Number of students in Top group 

 

Where PT is The number of students in the Top group that got the item correct 

 PB is The number of students in the Bottom group that got the item correct 

 

   The easiness index (PE) and the discrimination index (D) for subjective test 

are as follows (Saiyod; & Saiyod.  2000: 199-201).     

 

SU + SL A (2N.Xmin) 
PE = 

2N(Xmax A Xmin) 

    

Where PE is Easiness index 

 SU is Sum of scores in the Top group 

 SL is Sum of scores in the Bottom group 

 N is The number of students in the Top group or the Bottom group 

 Xmax is The student$s highest score 

 Xmin is The student$s lowest score 

 

SU - SL 
D = 

N(Xmax A Xmin) 
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Where D is Discrimination index 

 SU is Sum of scores in the Top group 

 SL is Sum of scores in the Bottom group 

 N is The number of students in the Top group or the Bottom group 

 Xmax is The student$s highest score 

 Xmin is The student$s lowest score 

  

 4.2 Statistics for Testing Hypotheses 

  4.2.1 Determination of Cut-off Score 

   Determination of cut-off score by Berk$s method (Berk.  1976: 4-9) was 

used to find optimal cut-off score as a criterion for testing the first and second hypotheses.  

Initially, two frequency curves between each score and student number of each score were 

plotted to find possible cut-off scores.  One of them was plotted using the post-test scores 

for students involved in the field trial study.  Another one was plotted using the pre-test 

scores for students involved in the confirmatory study.  The cutting point of these curves 

showed rank of possible cut-off scores.  Determination of optimal cut-off score focused on 

the score which has highest probability of correct decisions and lowest probability of 

incorrect decisions.  In addition, validity coefficient was also considered in order to choose 

the most optimal cut-off score.  Formulas to compute these values are as follow. 

 

      Probability of correct decisions = p(TM) + p(TN) 

 

      Probability of incorrect decisions = p(FN) + p(FM) 
 

   

     

 

 

Where p(TM) = Instructed students whose test scores lie at or above the cut-off score 

                        Total number of instructed students 

    

 p(TN) = Uninstructed students whose test scores lie below the cut-off score 

                   Total number of Uninstructed students 

    

P(TM) N BR(SR) 
Validity coefficient (φφφφvc) = 

√BR (1-BR) SR (1-SR) 
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 p(FM) = Uninstructed students whose test scores lie at or above the cut-off score 

                    Total number of Uninstructed students 

    

 p(FN) = Instructed students whose test scores lie below the cut-off score 

                     Total number of instructed students 

    

 BR is p(FN) + p(TM) 

    

 SR is p(TM) + p(FM) 

 

  4.2.2 Descriptive Statistics 

   Descriptive statistics such as mean and standard deviation was used to 

analyze pre-test and post-test scores of the students' scientific reasoning, the students' 

learning achievement and the students' attitude towards science.  These were calculated by 

the SPSS program. 

  4.2.3 Inferential Statistics 

   The SPSS program was used to analyze data for testing the hypotheses.  

There were 3 types of analysis as follows. 

   4.2.2.1 One sample t-test at the 0.05 level of significance was used to 

compare mean of post-test scores of the scientific reasoning, the learning achievement and 

the attitude towards science with the criterion. 

   4.2.2.2 Paired samples t-test at the 0.05 level of significance was used to 

compare mean of pre-test and post-test scores of the scientific reasoning, the learning 

achievement and the attitude towards science. 

   4.2.2.3 Bivariate correlation at the 0.05 level of significance was used to 

determine direction and degree of correlation between the scientific reasoning and the 

learning achievement post-test scores. 

   The level of the students$ attitude towards science was evaluated by 

comparing mean score of the students$ attitude towards science with the criteria categorized 

in five levels as follows.   

   The mean score 4.51 N 5.00 interpreted as the highest level of attitude 

   The mean score 3.51 N 4.50 interpreted as the high level of attitude 

   The mean score 2.51 N 3.50 interpreted as the medium level of attitude 
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   The mean score 1.51 N 2.50 interpreted as the low level of attitude 

   The mean score 1.00 N 1.50 interpreted as the lowest level of attitude  

 

5. Roles of Individuals in the Study 

 

 The study involved three groups of people: the researcher, the participating 

teachers and the students.  This section specifies the roles of each group as follows. 

 

 5.1 The Researcher 

  The researcher developed the learning unit by studying related documents, 

developing drafts of the learning unit, contacting the three experts for the learning unit 

evaluation, and revising the learning unit drafts.  The researcher then contacted the 

directors of the two schools for the field trial study and the confirmatory study, and the two 

participating teachers.  In order to prepare the participating teachers, the researcher 

discussed about the learning unit and spent one week with each of them in different periods 

of time to study all of instructional materials and try to do the activities in the learning unit.  

During the field trial study, the researcher observed instructional process by using the 

learning unit in the classroom and then used information received from the participating 

teacher and classroom environment to adjust the learning unit.  The researcher again 

observed instructional process in the classroom during the confirmatory study to collect 

information for the learning unit evaluation.   

 

 5.2 The Participating Teachers 

  Two middle school science teachers involved in this study.  Each of them used 

the learning unit to teach middle school students in field trial study and confirmatory study.  

The first one from Khon Kaen University Demonstration School collaborated with the 

researcher in the field trial study.  She taught the classroom of seventh grade students by 

using the learning unit and reflected her ideas, problems and suggestions, after 

implementing each instructional plan and after using all instructional plans for the learning 

unit revision.  Another teacher in Wattananakorn School worked together with the 

researcher in the confirmatory study.  She taught the classroom of seventh grade students 

by using the revised learning unit and reflected her opinion towards the learning unit after 

finishing the learning unit implementation for its effectiveness evaluation.  As stated above, 



 66 

two of them discussed about the learning unit and spent one week with the researcher in 

different periods of time to study all of instructional materials and try to do the activities in 

the learning unit before the real using in order to prepare and practice themselves. 

 

 5.3 The Students 

  The students who involved in the study were composed of 2 groups.  First, a 

classroom of seventh grade students (49 students) at Khon Kaen University Demonstration 

School participated in the field trial study.  They learned Matters and Properties of Matters 

topic by using learning materials of the learning unit.  Data received from these students 

were used for the learning unit revision and determination of criteria to test the hypotheses.  

Secondly, a classroom of seventh grade students (43 students) at Wattananakorn School 

participated in the confirmatory study.  They learned Matters and Properties of Matters topic 

by using learning materials of the revised learning unit.  Data received from these students 

were used for the learning unit evaluation. 
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CHAPTER 4 

 RESULTS OF THE STUDY 

 

 This chapter presents results of the study on development and implementation of 

the learning unit which focused on an open-ended scientific inquiry within the classroom.  

The fading scaffold technique was designed to enhance the students� scientific thinking 

skills by fading complexity of the inquiry practices in over time.  At the same time, the 

teacher�s help was fading out to provide the students opportunities to think and learn on 

their own abilities with assistance from the teacher when needed.  Data from each stage 

were gathered and analyzed by both descriptive and inferential statistics.  The results 

reported in this chapter are composed of two sections: one relating to the results of the 

learning unit development and the other to the results of the learning unit implementation.   

 

1. The Results of the Learning Unit Development 

 

 A study of the relevant literature provided significant information for developing the 

learning unit.  It was found generally that scientific thinking skills are vital for people in 

today�s world.  One of the goals of the Thai Basic Education Curriculum of 2001 specifies 

that Thai students should be able to think mathematically and scientifically.  This led to the 

purpose of this research study which the learning unit was developed to promote scientific 

reasoning skills of the student.  The next major question is how to promote the student�s 

scientific reasoning skills. 

 Review of the literature showed that scientific reasoning refers to five patterns of 

hypothetical-deductive thinking. Four of them focused in this study consist of identification 

and control of variables, proportional thinking, probabilistic thinking, and correlational 

thinking).  These thinking patterns are used throughout the processes of scientific inquiry 

(Lawson.  1995: 42-62).  Therefore, supporting open-ended scientific inquiry practices 

should be the right way to promote scientific reasoning skills.  Although these practices are 

difficult for the student, it could be accomplished by the fading scaffold technique.  This 

technique was used to adjust structure of the learning activities; namely, the student was 

provided gradually opportunity to think and work more on their own throughout the 

processes of scientific inquiry activities.  Consequently, they would learn from the previous 

lesson how to think and how to accomplish the tasks, and apply these into a new situation.  
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Finally, the student�s hypothetical-deductive thinking patterns were assessed to reflect 

improvement of the scientific reasoning skills. 

 These notions were used in the development of the learning unit.  There were 

three main procedures in this stage: 1) Developing drafts of the learning unit, 2) Evaluating 

the learning unit by experts and 3) Implementing the learning unit in the field trial study.  

The results of each procedure are illustrated below. 

 

 1.1 The Results of Developing Drafts of the Learning Unit 

  1.1.1 Goals and Learning Standards of the Learning Unit 

   After due consideration of the background and rationale of the study and 

related literature, the goals of the learning unit were purposed.  These goals correspond 

with issues and needs of current science education.  Besides, these goals align with the 

goals of Thailand�s National Education Act of B.E. 2542 (A.D. 1999) and Amendments and 

the Basic Education Curriculum B.E. 2544 (A.D. 2001).  The goals of the learning unit are 

as follows.   

   1. To provide the student with knowledge and understanding about basic 

principles and theories covering matter and classification of matter, solutions, separation of 

matter and acid-base solutions 

   2. To provide the student with understanding about boundary, nature and 

limitations of science 

   3. To promote the development of scientific communication skills within the 

student 

   4. To promote the development of scientific inquiry skills within the student 

   5. To promote the development of scientific reasoning skills within the 

student 

   6. To enable the student to apply appropriately their knowledge and 

understanding about matter and classification of matter, solutions, separation of matter and 

acid-base solutions in daily life 

   These goals were a focus for development of the learning unit.  The next 

step was to target the curriculum standards.  This study focused on Sub-strand 3: Matter 

and Properties of Matter within the Thai Basic Education Curriculum of 2001.  Middle school 

students were selected for the study because scientific practices were regarded as crucial 

for and urgently needed by people in this era.  Additionally, young students should have a 
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chance to learn how to think as soon as possible although it seems to be too early for them 

to have completely logical thinking in many situations.  As stated above, the two standards 

were used in the study.  Some parts of the two standards in this Sub-strand 3 which are 

proper for middle school students were adopted and used to determine expected learning 

outcomes for development of the learning unit.  Following are the learning standards 

purposed in the learning unit. 

   1. The student should be able to observe, investigate, analyze and discuss 

properties of matter, classify them into groups according to their homogeneity, heterogeneity 

or size of particles. 

   2. The student should be able to investigate, compare, discuss and explain 

units used to show amount of solute in the solution and preparation of a solution with a 

specified unit and apply it to daily life. 

   3. The student should be able to investigate and explain methods for 

separation of matter: crystallization, distillation, extraction and chromatography, and 

appropriately apply these techniques in daily life. 

   4. The student should be able to investigate homogeneous matter, discuss 

and explain acid-base properties, pH values and apply the notion of acid-base of matter in 

daily life. 

   There are five main topics drawn from the above learning standards for 

developing the learning unit.  The topics cover matter and properties of matter, classification 

of matters, solution, separation of matters and acid-base solution.  These topics were 

analyzed into sub-topics which are elucidated as concept flow with prerequisite content 

knowledge of each concept in Table 4. 
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TABLE 4 CONCEPT FLOW AND PREREQUISITE CONTENT KNOWLEDGE 

 

Concept Flow Prerequisite Content Knowledge 

1. matter and properties of matter  

1.1 matter - materials in daily life 

  

1.2 physical properties  - matter 

  

2. classification of matters  

2.1 classification by state of matter - classification in daily life 

  

2.2 classification by homogeneity and   

     heterogeneity  

     - homogeneous matter 

     - heterogeneous matter 

- state of matter 

  

2.3 classification by size of particles 

     - suspension 

     - colloid 

     - solution 

- characteristics of homogeneous   

  and heterogeneous matters 

- filtration 

  

3. solution  

3.1 compositions of solution - state of matter 

  

3.2 soluble property of matters 

        - some factors influencing soluble property 

- characteristics and compositions    

  of solution  

  

3.3 preparation of solution 

     - preparation of solution 

     - preparation of diluted solution 

- soluble property of matters 

- solute and solvent 

- volumetric knowledge 

        - concentration of solution  
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TABLE 4 (Continued) 

 

Concept Flow Prerequisite Content Knowledge 

4. separation of matter  

 4.1 crystallization - solution 

- effects of temperature on solubility 

- filtration 

 

 4.2 solvent extraction - solution 

   

 4.3 steam distillation - boiling point 

- change of state of matter 

 

 4.4 simple distillation - boiling point 

 

 4.5 chromatography - diffusion 

- solution 

 

5. acid-base solutions  

 5.1 properties of acid-base solutions  - solution 

      - properties and reaction of acid solutions - properties of litmus paper 

      - properties and reaction of base solutions  

 

 5.2 acid-base solutions and indicators - solution 

      - pH - properties of acid-base solutions 

      - indicator  

 

 5.3 acid-base solutions in daily life 

 

 

- properties of acid-base solutions 

- acid-base solutions 

- indicator 
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  1.1.2 Organizing the Learning Unit 

   These concepts were grouped and arranged in order to organize activities 

in the entire learning unit.  In addition, learning outcomes for each activity were also 

determined.  Seven activities and the learning outcomes are shown in Table 5 below.   

 

TABLE 5 INSTRUCTIONAL TOPICS AND EXPECTED LEARNING OUTCOMES 

 

Activity Topic 
Expected Learning Outcomes 

 (After learning the topic, students should be able to ...) 

Activity 1: 

Properties of matters & 

classification of matters 

by homogeneity and 

heterogeneity  

1) Investigate and explain physical properties of matters by given 

procedures 

2) Analyze, compare and classify matters into groups according to their 

homogeneity or heterogeneity 

3) Explain properties of homogeneous and heterogeneous matters, and 

give examples of these matters found in daily life 

 

Activity 2: 

Investigating properties 

of suspension, colloid 

and solution 

4) Investigate size of particles of suspension, colloid and solution by 

given procedures 

5) Classify matters into groups of suspension, colloid and solution 

according to their sizes of particles 

6) Explain properties of suspension, colloid and solution, and give 

examples of these matters found in daily life 

 

Activity 3: 

Solubility and some 

factors influencing 

solubility 

7) Investigate and explain solubility of matters according to different 

solutes, solvents and temperature by given procedures 

8) Explain properties of solute and solvent 

9) Give examples of solutions in forms of solid, liquid and gas 

10) Explain solubility of matters and saturated solution 
 

Activity 4: 

Preparation and dilution 

of solution 

 

11) Prepare and dilute solution to the specified concentration 
12) Explain concentration of solution, percent composition by mass (% by 

mass), percent composition by volume (% by volume), percent 

composition by mass/volume (% my mass/volume) and part per 

thousand (ppt.). 

13) Calculate concentration of solution using % by mass, % by volume, % 
by mass/volume and ppt. 
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TABLE 5 (Continued) 

 

Activity Topic 
Expected Learning Outcomes 

 (After learning the topic, students should be able to ...) 

Activity 5: 

Application of matter 

seperation in daily life 

14) Explain separation processes: crystallization, solvent extraction, 
simple distillation, steam distillation and chromatography. 

15) Specify the application of matter separation. 
16) Investigate and apply the matter separation techniques. 

 

Activity 6: 

Properties of acid-base 

solutions 

 

17) Investigate and explain properties of acid-base solutions.   
18) Determine pH of acid-base solutions using indicators. 
19) Explain the relationship between pH and acidity/basicity of solutions. 
20) Define universal indicator and pH meter. 

 

Activity 7: 

Acid-base solutions in 

daily life 

21) Investigate and explain properties of acid-base solutions in daily life. 
22) Give examples of acid-base reaction in daily life. 
23) Apply the knowledge of acid-base solutions in daily life. 

 

 

   These activities were arranged using five steps of learning cycle depicted 

in Figure 6, one activity/one cycle.  The second and third step of the learning cycle, 

Exploration and Explanation, were divided into five sub-tasks (STs) which are shown in 

dashed line.  These sub-tasks are listed from the most difficult task to the least one as 

follows. 

    ST 1: To choose a topic and identify a problem for study 

    ST 2: To plan and design procedure/method of the study 

    ST 3: To plan and design data collection and questions for discussion  

    ST 4: To analyze and discuss data from the study 

    ST 5: To formulate and report conclusions of the study 

   Instructional process of each activity was different in these two steps of the 

learning cycle due to the fading scaffold technique, the technique to adjust instructional 

support, structure of inquiry activity, to promote students� learning.  In this research study, 

the instructional processes during the second and third step of the learning cycle of each 

activity were adjusted with the aims of helping the students internalize scientific inquiry 

process and becoming less dependent on the teacher�s help for what to do next.  It aimed 
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also to facilitate in the transfer of these newly gained scientific inquiry skills and knowledge 

to a new context.  As a result, each activity had different complexity of the five sub-tasks. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 6 FIVE STEPS OF THE LEARNING CYCLE AND FIVE SUB-TASKS 

 

   The difference in complexity of these sub-tasks indicated the teacher�s 

roles and the student�s roles of each activity.  In another word, it specified openness level 

of inquiry practice in each activity.  These sub-tasks were adjusted within 6 stages, which 

allow the students to practice the least complex one first and move consecutively to more 

complex ones.  The entire learning unit comprises seven activities and take 21 periods (1 

period = 50 minutes).  The structure of all activities is depicted in Figure 7 showing the 

changes within the structure of activities in the learning unit from entirely structured activity 

(teacher-directed inquiry) to non-structured activity (student-directed inquiry). 

ENGAGEMENT 

EXPLORATION 

EXPLANATION 

ELABORATION 

EVALUTION 

Sub-task  1:  To choose a topic and identify a problem for study 

 

Sub-task  2:  To plan and design procedure/method of the study 

 

Sub-task   3:  To plan and design data collection and questions for discussion 

 

Sub-task   4:  To analyze and discuss data from the study 

 

Sub-task  5:  To formulate and report conclusions of the study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Major Learning Cycle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sub-tasks Adjusted by the Fading Scaffold Technique  
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Student7s Role 

 

Students learn by 

doing inquiry 

following the given 

procedures. 

ST 5: To formulate and  

        report conclusions  

        of the study 

 

Students learn by 

doing inquiry 

following the given 

procedures.   

They do  

ST5  

by themselves. 

ST 4: To analyze and  

        discuss data from  

        the study 

 

Students learn by 

doing inquiry 

following the given 

procedures.   

They do  

ST4 

ST5 

by themselves. 

ST 3: To plan and design  

        data collection and  

        issues for discussion 

 

Students learn by 

doing inquiry 

following the given 

procedures.   

They do  

ST3 

ST4 

ST5 

by themselves. 

ST 2: To plan and design  

        procedure/method of  

        the study 

 

Students learn by 

doing inquiry 

under the given 

topic.   

They do  

ST2 

ST3 

ST4 

ST5 

by themselves. 

Tasks 

ST 1: To choose a topic  

        and identify a  

        problem for the study 

 

Students are fully 

in charge of doing 

inquiry by doing 

ST1 

ST2 

ST3 

ST4 

ST5 

by themselves. 

 

Teacher7s Role 

 

Teacher is fully in 

charge of 

preparing activity 

by doing 

ST1 

ST2 

ST3 

ST4 

ST5. 

 

Teacher prepare 

activity by doing 

ST1 

ST2 

ST3 

ST4. 

 

Teacher prepare 

activity by doing 

ST1 

ST2 

ST3. 

 

Teacher prepare 

activity by doing 

ST1 

ST2. 

 

Teacher prepare 

activity by doing 

ST1. 

 

Teacher works as a 

scaffolder 

providing help 

when needed. 

 

 

Stage I 
 

Activity 1 

 

Stage II 
 

Activity 2 

 

Stage III 
 

Activity 3 

 

Stage IV 
 

Activity 4 

Activity 5 Part I 

Stage V 
 

Activity 5 Part II 

Activity 6 

Stage VI 
 

Activity 7 

 

FIGURE 7 STRUCTURE OF ACTIVITIES BASED ON THE FADING SCAFFOLD TECHNIQUE 

7
5
 

Structured Activity Non-structured Activity 
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   From Figure 7, different structures represent different degrees of scientific 

inquiry.  In stage I, students learned science by verification method.  Every step was set up 

and directed by the teacher.  Then, the students had more responsibility increasingly in their 

learning, with the level of inquiry changing progressively from guided inquiry to more open-

guided inquiry.  This change continued until the last stage, where the activity was fully 

unstructured which was students-directed inquiry or open-ended scientific inquiry.  These 

levels of scientific inquiry were drawn from classification of openness degree of scientific 

inquiry as shown in Table 2 (p. 19).  In conclusion, there were two kinds of fading in this 

research study: 1) fading in complexity of the inquiry tasks or openness level of inquiry 

practices, and 2) fading out structure of the activities or support from the teacher.     

  1.1.3 Developing Teacher Manual and Instructional Plan Draft 

   The structure of activities in Figure 7 was used as guideline to write the 

learning unit documents consisting of the teacher manual and seven instructional plans.  

The teacher manual provided the participating teacher necessary information about the 

learning unit (e.g., background and rationale, goals of the learning unit, learning standards, 

content and prerequisite knowledge, activities and expected learning outcomes, meaning of 

the fading scaffold technique, and structure of the activities following the fading scaffold 

technique).  This manual was used to prepare two participating teachers: one participated in 

the field trial study and another in the confirmatory study. 

   The instructional plans were written by applying organized activities.  The 

entire learning unit has seven instructional plans lasting 21 periods.  A framework that 

specifies type of scientific inquiry and period of each instructional plan is shown in Table 6. 

   Table 6 shows period of guided-inquiry which was longest.  This period 

was divided to three stages (stage II J stage IV) in which there was different complexity of 

guided-inquiry tasks as shown in Figure 7.  A main goal of this design was to providing the 

students ample time to learn and to practice the tasks before directing themselves in the 

last stage.  When the developing drafts of the learning unit documents was completed, all 

documents were sent to the three experts to evaluate and provide feedback on the 

effectiveness of the learning unit drafts.  The results from the experts are reported below. 
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TABLE 6 A FRAMEWORK OF THE INSTRUCTIONAL PLANS  

 

Title of Instructional Plan Type of Inquiry Period(s) 

1. Physical Properties and Classification of Matter Verification 2 

2. Investigating Properties of Suspension, Colloid and Solution 2 

3. Solubility and Some Factors Influencing Solubility 3 

4. Preparation and dilution of Solution 3 
Guided inquiry 

2 5. Application of Matter Separation in Daily Life (Part I)     

5. Application of Matter Separation in Daily Life (Part II) 3 

6. Properties of Acid-Base Solutions 
Open-guided inquiry 

2 

7. Acid-Base Solutions in Daily Life Open-ended inquiry 4 

Total Periods of Implementing the Learning Unit 21 

Note: 50 minutes/period 

 

 1.2 The Results of Evaluating the Learning Unit by the Experts  

  Effectiveness of the learning unit drafts was assessed and evaluated by the 

three experts on the basis of its content validity and correspondence for all components.  

The results from data analysis for the correspondence of all components are shown in 

Table 22 (Appendix B). 

  From Table 23, the Index of Item Objective Consistency (IOC) showed scores 

between 0.67-1.00 which are above the selected criterion (0.50).  This means the 

components in the learning unit are related to each other.  Additionally, comments and 

suggestions regarding the instructional plans and the teacher manual provided by the 

experts are outlined below and have been used to improve the quality of the learning unit. 

   1. The teacher manual and the instructional plans should be improved to 

be clear and easier for the participating teachers to understand.  In the teacher manual, 

more details about designing activities using the fading scaffold technique were added.  

Additionally, more details were added in instructional sequence of some instructional plans 

and activity sheets.  Some misused words proposed by the experts were deleted or 

changed also.   

   2. Activity 5 (Application of Matter Separation in Daily Life) needed to be 

revised to be easier for the students.  It was suggested that some new instruments should 

be introduced to the students before the inquiry begins.  As a result, the researcher revised 
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and changed instructional processes of activity 5. 

   3. Some examples in instructional materials should be changed to be 

common things in the students� daily life; for example, chocolate melting was changed to be 

ice melting. 

   4. Some instructional materials needed to be improved to be more 

interesting.  Therefore, the researcher changed some contents and inserted some more 

pictures in activity sheets. 

   5. Questions in activity 3 needed to be revised to be more consistent to 

the learning objectives.  This related to the result from analysis of item no.7 for the 

correspondence of all components of the lesson plan 3.  The questions were changed to be 

open-ended.   

  The learning unit drafts were improved as stated in above items.  Then, it was 

ready to be used in the field trial study.  In addition to the learning unit, other research 

instruments were also ready to be used in the next step.  Details of these instruments are 

shown below.    

   1. Scientific Reasoning Test: The scientific reasoning test consists of eight 

test items adapted from the Test of Logical Thinking (TOLT) (Tobin.  2006: Online).  This 

test assessed four reasoning types: proportional reasoning, controlling variables, 

probabilistic reasoning and correlational reasoning.  Two test items assess each type of 

reasoning skills.  Each question has two parts: multiple choices and follow-up reasoning 

section.  The IOC index of this test examined by the three experts was shown in Appendix 

B.  In addition, some wording was changed according to the experts� suggestion.  Data from 

implementing the test with a classroom of eighth grade students (47 students) in Khon Kaen 

University Demonstration School was used to determine: 1) difficulty index (p) and item 

discrimination index (r) shown in Appendix B, and 2) reliability of the test (0.63).  

   2. Learning Achievement Test: The learning achievement test consists of 

25 multiple choices test items developed by the researcher.  Each item has four choices 

with only one correct answer.  This test assessed four categories of behavior: knowledge, 

comprehension, science process skills and application.  The IOC index of this test 

examined by the three experts was shown in Appendix B.  Some wording was changed 

according to the experts� suggestion.  Data from implementing the test with a classroom of 

eighth grade students (47 students) in Khon Kaen University Demonstration School was 

used to determine: 1) difficulty index (p) and item discrimination index (r) shown in Appendix 

B, and 2) reliability of the test (0.60).  
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   3. Attitude towards Science Measure: The attitude towards science 

measure consists of 37 items translated from Kind; Jones; & Barmby (2007: 880-881) �s 

attitude towards science measure.  These items are five-point rating Likert Scale: 1= 

strongly disagree, 2 = disagree, 3 = neutral, 4 = agree and 5 = strongly agree.  This 

measure examined the students� cognitive and emotional opinions about six aspects of 

science: learning science in school, self-concept in science, practical work in science, 

science outside of school, future participation in science and the importance of science.  

Data from implementing the measure with a classroom of eighth grade students (47 

students) in Khon Kaen University Demonstration School was used to determine reliability 

of the measure which is 0.89. 

   4. Classroom Observation Form: The classroom observation form consists 

of 6 open-ended questions developed by the researcher.  The form was ready to be used 

without any comment from the experts. 

    5. Teacher�s Opinion towards the Learning Unit Interview Form: The 

teacher�s opinion towards the learning unit interview form consists of 12 open-ended 

questions developed by the researcher.  The form was ready to be used without any 

comment from the experts. 

 

 1.3 The Results of Field Trial Study Stage 

  This step aimed to implement the learning unit with learners who had high 

readiness for learning in order to 1) test quality of the learning unit in term of time, 

appropriateness and flow of the instructional sequences, 2) check some problems that 

might occur during the processes and 3) gather data to determine criteria for confirmatory 

study.  The learning unit was used by the participating teacher with the classroom of 

seventh grade students (49 students) at Khon Kaen University Demonstration School during 

the second half of the first semester, 2007 academic year.  Initially, the participating teacher 

studied the teacher manual and discussed about background knowledge for using the 

learning unit with the researcher.  Subsequently, the teacher studied all of instructional 

plans, instructional materials and tried out the activities in the learning unit with the 

researcher for one week to be ready for the field trial study.   

  In the field trial study, the students worked in groups of six.  In order to group 

the students, the students were divided into two groups: a high achievement group and a 

low achievement group.  Subsequently, three of the students from each group were 
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assembled to form one group.  However, individual student was required to hand in a 

completed lab report every week.  The whole learning unit was tried out for 21 periods, 3 

periods a week (1 period = 50 minutes).  In this stage, the scientific reasoning test, the 

learning achievement test and the attitude towards science measure were administered 

before and after the instruction using the learning unit.  The pre-test and post-test scores 

are presented in Appendix C.  The scores from 47 students were analyzed because two 

students did not take the post-test.  The results are shown as follows.  

  1.3.1 Comparison of Scientific Reasoning Pre-test and Post-test Scores 

from the Field Trial Study 

   Scientific reasoning of the students was assessed by the scientific 

reasoning test consisting of eight test items (three scores for each item).  This test 

assessed four reasoning types: proportional reasoning, controlling variables, probabilistic 

reasoning and correlational reasoning.  The scientific reasoning pre-test and post-test 

scores were analyzed using paired samples t-test by the SPSS program at the 0.05 level of 

significance.  The results are shown in Table 7. 

 

TABLE 7 THE COMPARISON OF THE SCIENTIFIC REASONING MEAN SCORE OF  

      THE STUDENTS BEFORE AND AFTER LEARNING IN THE FIELD TRIAL STUDY 

 

Score N Mean S.D. 
Mean of 

Diff 
S.E. t 

Scientific Reasoning  

Pre-test Scores 
47 8.74 3.662 

Scientific Reasoning 

Post-test Scores 
47 13.32 3.823 

4.574 0.447 -10.240* 

t(0.05; df 46) = 2.015 

 

   The results shown in Table 7 indicated that the students' scientific 

reasoning mean score after learning using the learning unit was higher than before at the 

0.05 level of significance.  This means the students who learned through the learning unit 

had a significant improvement on the scientific reasoning skills. 
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  1.3.2 Comparison of Learning Achievement Pre-test and Post-test Scores 

from the Field Trial Study 

   Learning achievement of the students was assessed by the learning 

achievement test consisting of 25 test items.  This test assessed four categories of behavior: 

knowledge, comprehension, science process skills and application.  The learning 

achievement pre-test and post-test scores were analyzed using paired samples t-test by the 

SPSS program at the 0.05 level of significance.  The results are shown in Table 8. 

 

TABLE 8 THE COMPARISON OF THE LEARNING ACHIEVEMENT MEAN SCORE OF  

      THE STUDENTS BEFORE AND AFTER LEARNING IN THE FIELD TRIAL STUDY 

 

Score N Mean S.D. 
Mean of 

Diff 
S.E. t 

Learning Achievement  

Pre-test Scores 
47 8.30 3.007 

Learning Achievement  

Post-test Scores 
47 11.38 3.359 

-3.085 0.356 -8.671* 

t(0.05; df 46) = 2.015 

 

   The results shown in Table 8 indicated that the students' learning 

achievement mean score after learning using the learning unit was higher than before at the 

0.05 level of significance.  This means the students who learned through the learning unit 

had a significant improvement on the learning achievement. 

 

  1.3.3 Comparison of Attitude towards Science Pre-test and Post-test 

Scores from the Field Trial Study 

   Attitude towards science of the students were assessed by using the 

attitude towards science measure consisting of 37 items.  These items are five-point rating 

Likert Scale: 1= strongly disagree, 2 = disagree, 3 = neutral, 4 = agree and 5 = strongly 

agree.  This measure examined the students� cognitive and emotional opinions about six 

aspects of science: learning science in school, self-concept in science, practical work in 

science, science outside of school, future participation in science and importance of 

science.  The pre-test and post-test scores of attitude towards science were analyzed using 
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paired samples t-test by the SPSS program at the 0.05 level of significance.  The results 

are shown in Table 9. 

 

TABLE 9 THE COMPARISON OF THE ATTITUDE TOWARDS SCIENCE MEAN SCORE  

      OF THE STUDENTS BEFORE AND AFTER LEARNING IN THE FIELD TRIAL STUDY 

 

Score N Mean S.D. 
Mean of 

Diff 
S.E. t 

Attitude towards Science 

Pre-test Scores 
47 3.62 0.444 

Attitude towards Science 

Post-test Scores 
47 4.06 0.313 

0.438 0.348 12.589* 

t(0.05; df 46) = 2.015 

 

   The results shown in Table 9 indicated that the students' attitude towards 

science mean score after learning using the learning unit was higher than before at the 0.05 

level of significance.  This means the students who learned through the learning unit had a 

significant improvement on the attitude towards science. 

 

  In addition to quantitative data, the procedures in the classroom were observed 

and recorded.  Additional data was received from the discussion between the researcher 

and the teacher after trying each instructional plan and the entire learning unit.  The results 

shown below are detail of findings, comments and suggestions from the field trial study.   

   1. It was found that some material proposed in the learning activities 

should be changed to be more obvious and diverse.   

   2. Some pictures and wording in the instructional material should be 

changed.  The students could not see these pictures well and they sometimes did not 

understand the words.  The pictures were changed or enlarged, and the words were 

changed also to avoid the students� misconception.   

   3. Many students were confused and could not complete activity 2 

(Investigating Properties of Suspension, Colloid and Solution) in the classroom.  Some 

wording in the activity sheet was changed in order to avoid the ambiguity. 

 



 83 

   4. The instructional processes of activity 4 (Preparation of Solution and 

Diluted Solution) which had two sections should be revised.  In this stage, the students 

finished two experiments before starting the process of discussion and making conclusions 

for these experiments.  It was found that most students were confused about the concepts 

of dilution.  It was possible that they should have solid background knowledge about 

preparation of solution before learning the dilution.  As a result, the instructional sequences 

were reorganized so that students in the confirmatory study would gain a better 

understanding; therefore, the students should finish all process of inquiry in section I before 

starting section II. 

   5. Finally, time for some instructional plans should be adjusted.  The 

students needed more time to complete activities 2, 4 and 6.  In contrast, time for activity 5 

part II could be changed from 3 periods to 2 periods.  The time adjustment according to the 

results of the field trial study is shown in Table 10. 

    

TABLE 10 TIME ALLOCATION OF THE LEARNING UNIT 

 

Period(s) 
Title of Instructional Plan 

Field Trial Study Confirmatory study 

1. Physical properties and Classification of Matter 2 2 

2. Investigating Properties of Suspension, Colloid and Solution 2 3 

3. Solubility and Some Factors Influencing Solubility 3 3 

4. Preparation of Solution and Diluted Solution 3 4 

2 2 5. Application of Matter Separation in Daily Life (Part I)     

5. Application of Matter Separation in Daily Life (Part II) 3 2 

6. Properties of Acid-Base Solutions 2 3 

7. Acid-Base Solutions in Daily Life 4 4 

Total Periods of the Learning Unit Implementation 21 23 

Note: 50 minutes/period 

 

   The revised entire learning unit lasted 23 periods.  Structure of these 

activities in terms of time and openness level of inquiry is depicted in Figure 8. 
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    Openness level of inquiry 

 

 

          

 

Open-ended inquiry 

 

Open-guided inquiry 

 

        Guided inquiry 

 

        Closed inquiry 

 

                                                              Time (period) 

    2       4        6       8      10      12      14     16      18      20      22      24 

      * Scale in axis Y is ordinal scale 

 

FIGURE 8 THE STRUCTURE OF ACTIVITIES IN TERMS OF TIME AND OPENESS 

      LEVEL OF INQUIRY 

 

  Analyses of quantitative data of the field trial study showed that the learning 

unit could enhance scientific reasoning skills, learning achievement, and attitude towards 

science of the students significantly.  In addition, qualitative data found from the classroom 

observation and the participating teacher was used to improve the learning unit as stated 

above.  As a result, the learning unit would be effective to enhance students� learning in the 

next stage.  The teacher manual and lesson plans are shown in Appendix E.  After the 

revision, the overall process of the instruction was suitable and ready for the confirmatory 

study.  Then, the learning unit was implemented with another classroom of seventh grade 

students at a different school to test its effectiveness in supporting or not supporting the 

research hypotheses.  The results of the confirmatory study are shown in the next section. 
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2. The Results of the Confirmatory Study Stage 

 

 To evaluate effectiveness of the learning unit with another group of learners who 

had lower readiness for learning, the learning unit was implemented by another participating 

teacher within a classroom of seventh grade students (43 students) at Wattananakorn 

School during the first
 
half of the second

 
semester in 2007 academic year. Similar to the 

processes in the field trial study, the participating teacher was prepared by studying the 

teacher manual and discussing about the learning unit and its application with the 

researcher.  The teacher then spent one week with the researcher to study instructional 

plans and instructional materials, and to try out the activities in the learning unit.  Moreover, 

the researcher also shared findings, comments and suggestions from the field trial study 

with the teacher.  Next step was using the learning unit in the real setting. 

 During the implementation, six students worked together as a group.  The method 

to group the students was the same as that in the field trial study.  The students were 

divided into two groups: a high achievement group and a low achievement group.  Three 

students from each group were grouped together.  Everyone was required to submit a 

completed lab report each week.  The entire learning unit was tried out for 23 periods, 3 

periods a week.  In order to collect data for the learning unit evaluation, the students took 

the scientific reasoning test, the learning achievement test and the attitude towards science 

measure before and after the instruction.  The procedures and happening during the class 

periods were observed by the researcher.  Moreover, the discussion between the 

researcher and the teacher after implementing each instructional plan and the entire 

learning unit provided more information about the quality of the learning unit.  Finally, the 

teacher was interviewed by the researcher after the whole instruction to provide data about 

using the learning unit.  Time schedule for the learning unit implementation, pre-test and 

post-test is shown in Table 11. 
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TABLE 11 TIME SCHEDULE FOR THE LEARNING UNIT IMPLEMENTATION 

 

Date Activity Period(s) 

October 31, 2007 

Pre-test 

Scientific reasoning test 

Learning achievement test 

Attitude towards science measure 

- 

November 1, 2007 Lesson plan 1 2 

November 7-8, 2007 Lesson plan 2 3 

November 14-15, 2007 Lesson plan 3 3 

November 21-28, 2007 Lesson plan 4 4 

November 29-December 06, 2007 Lesson plan 5 4 

December 12-13, 2007 Lesson plan 6 3 

December 19-26, 2007 Lesson plan 7 4 

December 27, 2007 

Post-test 

Scientific reasoning test 

Learning achievement test 

Attitude towards science measure 

- 

December 29, 2007 Teacher interview - 

Total Periods of the Learning Unit Implementation 23 

Note: 50 minutes/period 

 

 The assembled results from the learning unit implementation are presented in 

order of testing each hypothesis, the results from the classroom observation and the results 

from the teacher interview as follows. 

 

 2.1 The Result of Testing the First Hypothesis 

  The first hypothesis stated that the students' scientific reasoning mean score 

after the instruction using the learning unit is higher than the scientific reasoning cut-off 

score at the 0.05 level of significance.  Initially, a criterion to evaluate this hypothesis was 

set as described below. 

  2.1.1 Setting the Scientific Reasoning Cut-off Score 

   The scientific reasoning cut-off score was used as the criterion to test this 

hypothesis.  It was determined by Berk�s method.  The first step was to find a cutting point 

of two frequency curves plotting between the scientific reasoning scores and student 
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number of each score.  One of the curves was plotted using the scientific reasoning post-

test scores for students involved in the field trial study.  Another one was plotted using the 

scientific reasoning pre-test scores for students involved in the confirmatory study.  The 

scientific reasoning scores and frequency of each score are shown in Table 12. 

 

TABLE 12 THE SCIENTIFIC REASONING SCORES AND FREQUENCY OF EACH SCORE 

 

Pre-test from Confirmatory Study Post-test from Field Trial Study 

Score Frequency Score Frequency 

0 0 0 0 

1 2 1 0 

2 1 2 0 

3 1 3 0 

4 3 4 0 

5 2 5 0 

6 15 6 0 

7 12 7 3 

8 2 8 1 

9 3 9 6 

10 1 10 4 

11 1 11 2 

12 0 12 3 

13 0 13 5 

14 0 14 5 

15 0 15 4 

16 0 16 5 

17 0 17 1 

18 0 18 5 

19 0 19 0 

20 0 20 1 

21 0 21 1 

22 0 22 1 

23 0 23 0 

24 0 24 0 

Total of 43 students Total of 47 students 
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   Data in Table 12 were used to plot the frequency curves which showed the 

cutting point in Figure 9.  This cutting point showed rank of possible cut-off scores including 

8, 9 and 10. 

 

 
FIGURE 9 FREQUENCY CURVES OF THE SCIENTIFIC REASONING SCORES 

 

   The optimal cut-off score was determined by calculating probability of 

incorrect decisions, probability of correct decisions and validity coefficient.  The results of 

the calculation are shown in Table 13. 

 

TABLE 13 PROBABILITY OF INCORRECT DECISIONS, CORRECT DECISIONS AND  

      VALIDITY COEFFICIENT FOR EACH POSSIBLE SCORE 

 

Possible Score 
Probability of 

Incorrect Decisions 

Probability of 

Correct Decisions 
Validity Coefficient 

8 0.111 0.889 0.780 

9 0.100 0.900 0.800 

10 0.133 0.867 0.747 
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   As a result, the scientific reasoning cut-off score was 9 because it has 

lowest probability of incorrect decisions, highest probability of correct decisions and highest 

validity coefficient.  This score was used to test the hypothesis presented in the following 

step. 

  2.1.2 Statistical Testing 

   2.1.2.1 Comparison of the Scientific Reasoning Pre-test and Post-test 

Scores from the Confirmatory Study 

    The individual scientific reasoning pre-test and post-test scores are 

shown in Table 25 (Appendix C). These scores were analyzed using paired samples t-test 

by the SPSS program at the 0.05 level of significance.  The results are presented in Table 

14. 

 

TABLE 14 THE COMPARISON OF THE SCIENTIFIC REASONING MEAN SCORE OF  

      THE STUDENTS BEFORE AND AFTER LEARNING IN THE CONFIRMATORY STUDY 

 

Score N Mean S.D. 
Mean of 

Diff 
S.E. t 

Scientific Reasoning  

Pre-test Scores 
43 6.21 2.042 

Scientific Reasoning 

Post-test Scores 
43 9.70 3.181 

-3.488 0.487 -7.159* 

t(0.05; df 42) = 2.019 

 

    Table 14 shows mean and standard deviation of the students� scientific 

reasoning pre-test scores 6.21 and 2.042 respectively.  For the post-test scores, the mean 

and standard deviation are 9.70 and 3.181 respectively.  In addition, the comparison of the 

pre-test and the post-test scores indicated that the students' scientific reasoning mean score 

after learning using the learning unit was higher than before at the 0.05 level of 

significance.   
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   2.1.2.2 Comparison of the Scientific Reasoning Post-test Scores from the 

Confirmatory Study with the Cut-off Score 

    To test the first hypothesis, one sample t-test was used to analyze the 

scientific reasoning post-test scores by the SPSS program at the 0.05 level of significance.  

The determined test value (the scientific reasoning cut-off score) was 9.  The results of one 

sample t-test analysis are shown in Table 15. 

 

TABLE 15 THE COMPARISON OF THE STUDENTS� SCIENTIFIC REASONING MEAN  

      SCORE WITH THE SCIENTIFIC REASONING CUT-OFF SCORE 

 

The scientific reasoning cut-off score was 9 

Score N Mean Difference Std. Error Mean t 

Scientific Reasoning  

Post-test Scores 
43 0.698 0.485 1.438 

t(0.05; df 42) = 2.019 

 

    From Table 15, the results indicated that the scientific reasoning post-

test mean score was not higher than the reasoning cut-off score at the 0.05 level of 

significance. 

  In conclusion, the results in Table 14 and 15 specified that the scientific 

reasoning post-test mean score was higher than the cut-off score but there was no 

evidence to show that it was significantly higher than the determined criterion.  However, 

the scientific reasoning post-test mean score of the students was significantly higher than 

the scientific reasoning pre-test mean score.   

 

 2.2 The Result of Testing the Second Hypothesis 

  The second hypothesis stated that the students' learning achievement mean 

score after the instruction using the learning unit is higher than the learning achievement 

cut-off score at the 0.05 level of significance.  Initially, a criterion by which this hypothesis 

was evaluated was set as described below. 

  2.2.1 Setting the Learning Achievement Cut-off Score 

   Similar to testing the first hypothesis, the learning achievement cut-off 

score was used as the criterion to test this hypothesis.  It was determined by Berk�s method 
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also.  Initially, two frequency curves of the learning achievement scores and student number 

of each score were plotted to find possible cut-off scores.  The first curve was plotted using 

the learning achievement post-test scores for students involved in the field trial study.  The 

second one was plotted using the learning achievement pre-test scores for students 

involved in the confirmatory study.  The learning achievement scores and frequency of each 

score are shown in Table 16.   

 

TABLE 16 THE LEARNING ACHIEVEMENT SCORES AND FREQUENCY OF EACH SCORE 

 

Pre-test from Confirmatory Study Post-test from Field Trial Study 

Score Frequency Score Frequency 

1 0 1 0 

... 0 ... 0 

... 0 ... 0 

4 3 ... 0 

5 4 5 3 

6 8 6 1 

7 5 7 5 

8 6 8 0 

9 9 9 2 

10 4 10 5 

11 0 11 6 

12 2 12 5 

13 1 13 10 

14 1 14 5 

... 0 15 3 

... 0 16 0 

... 0 17 0 

... 0 18 0 

... 0 19 0 

... 0 20 2 

... 0 ... 0 

... 0 ... 0 

30 0 30 0 

Total of 43 students Total of 47 students 
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   Data in Table 16 was used to plot the frequency curves which showed the 

cutting point in Figure 10.  This cutting point showed rank of possible cut-off scores 

including 9, 10 and 11. 

 

 

 

FIGURE 10 FREQUENCY CURVES OF THE LEARNING ACHIEVEMENT SCORES 

 

   These possible scores were used to compute probability of incorrect 

decisions, probability of correct decisions and validity coefficient to determine the optimal 

cut-off score.  The results of the calculation are shown in Table 17. 
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TABLE 17 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT  

      DECISIONS AND VALIDITY COEFFICIENT FOR EACH POSSIBLE SCORE 

 

Possible Score 
Probability of 

Incorrect Decisions 

Probability of 

Correct Decisions 
Validity Coefficient 

9 0.333 0.667 0.352 

10 0.256 0.744 0.489 

11 0.267 0.733 0.469 

 

   From Table 17, the learning achievement cut-off score was 10 because it 

has lowest probability of incorrect decisions, highest probability of correct decisions and 

highest validity coefficient.  This score was used to test the hypothesis shown in the 

following section. 

  2.2.2 Statistical Testing  

   2.2.2.1 Comparison of the Learning Achievement Pre-test and Post-test 

Scores from the Confirmatory Study 

    The individual learning achievement pre-test and post-test scores are 

shown in Table 27 (Appendix C). These scores were analyzed using paired samples t-test 

by the SPSS program at the 0.05 level of significance.  The results are presented in Table 

18.     

 

TABLE 18 THE COMPARISON OF THE LEARNING ACHIEVEMENT MEAN SCORE OF  

      THE STUDENTS BEFORE AND AFTER LEARNING IN THE CONFIRMATORY STUDY 

 

Score N Mean S.D. 
Mean of 

Diff 
S.E. t 

Learning Achievement 

Pre-test Scores 
43 7.79 2.376 

Learning Achievement 

Post-test Scores 
43 9.86 3.106 

2.070 0.405 -5.106* 

t(0.05; df 42) = 2.019 
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    Table 18 shows the mean and standard deviation of the students� 

learning achievement pre-test scores 7.79 and 2.376 respectively.  For the post-test scores, 

the mean and standard deviation are 9.86 and 3.106 respectively. In addition, the 

comparison of the pre-test and the post-test scores indicated that the students' learning 

achievement mean score after learning using the learning unit was higher than before at the 

0.05 level of significance.   

   2.2.2.2 Comparison of the Learning Achievement Post-test Scores from the 

Confirmatory Study with the Cut-off Score 

    To test the second hypothesis, one sample t-test was used to analyze 

the learning achievement post-test scores by the SPSS program at the 0.05 level of 

significance.  The determined test value (the learning achievement cut-off score) was 10.  

The results of one sample t-test analysis are shown in Table 19. 

 

TABLE 19 THE COMPARISON OF THE STUDENTS� LEARNING ACHIEVEMENT MEAN  

      SCORE WITH THE LEARNING ACHIEVEMENT CUT-OFF SCORE 

 

The learning achievement cut-off score was 10 

Score N Mean Difference Std. Error Mean t 

Learning Achievement  

Post-test Scores 
43 -0.140 0.474 -0.295 

t(0.05; df 42) = 2.019 

 

    From Table 19, the results indicated that the learning achievement 

post-test mean score was not higher than the learning achievement cut-off score at the 0.05 

level of significance.   

  In conclusion, the results in Table 18 and 19 specified that the learning 

achievement post-test mean score was lower than the cut-off score.  However, the learning 

achievement post-test mean score of the students was significantly higher than the learning 

achievement pre-test mean score.   
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 2.3 The Result of Testing the Third Hypothesis  

  The third hypothesis stated that the students' scientific reasoning post-test 

score positively correlate to the students' learning achievement post-test score at the 0.05 

level of significance.  To test the hypothesis, bivariate correlation was used to analyze the 

scientific reasoning post-test scores and the learning achievement post-test scores shown in 

Table 25 and 27 respectively (Appendix C) by the SPSS program at the 0.05 level of 

significance.   

  From data analysis, the Pearson product-moment correlation coefficient (r) was 

0.355 (P < 0.05).  The results indicated that the scientific reasoning post-test scores and 

the learning achievement post-test scores were positively correlated at the 0.05 level of 

significance.  This means the student with higher score on the learning achievement had 

higher score on the scientific reasoning.  The student with lower score on the learning 

achievement had lower score on the scientific reasoning.   

 

 2.4 The Result of Testing the Forth Hypothesis   

  The forth hypothesis stated that the students' attitude towards science mean 

score after the instruction using the learning unit is higher than before at the 0.05 level of 

significance.  To test the hypothesis, the individual attitude towards science pre-test and 

post-test scores presented in Table 32 and Table 33 (Appendix C) were analyzed using 

paired samples t-test by the SPSS program at the 0.05 level of significance.  The results 

are shown in Table 20.   

 

TABLE 20 THE COMPARISON OF THE ATTITUDE TOWARDS SCIENCE MEAN SCORE  

      OF THE STUDENTS BEFORE AND AFTER LEARNING IN THE CONFIRMATORY STUDY 

 

Score N Mean S.D. 
Mean of 

Diff 
S.E. t 

Attitude towards Science 

Pre-test Scores 
43 3.66 .358 

Attitude towards Science 

Post-test Scores 
43 3.92 .362 

0.265 0.045 5.823* 

t(0.05; df 42) = 2.019 
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  From Table 20, the results indicated that the students' attitude towards science 

mean score after learning using the learning unit was higher than before at the 0.05 level of 

significance.  This means the student who learned through the learning unit had a 

significant improvement on the attitude towards science. 

 

 2.5 The Result of Testing the Fifth Hypothesis 

  The fifth hypothesis stated that the students' attitude towards science after the 

instruction using the learning unit is at the high level at the 0.05 level of significance.  To 

test the hypothesis, one sample t-test was used to analyze the attitude towards science 

post-test scores by the SPSS program at the 0.05 level of significance.  From Table 20, the 

mean of these scores was 3.92.  The determined test value was 3.50.  The results of one 

sample t-test analysis are shown in Table 21. 

 

TABLE 21 THE COMPARISON OF THE STUDENTS� ATTITUDE TOWARDS SCIENCE  

      MEAN SCORE WITH THE TEST VALUE  

 

Score N Mean Difference Std. Error Mean t 

Attitude towards Science  

Post-test Scores 
43 .426 0.055 7.712* 

t(0.05; df 42) = 2.019 

 

  From Table 21, the results indicated that the attitude towards science post-test 

mean score was higher than the criterion at the 0.05 level of significance.  This means 

attitude towards science of the students after learning through the learning unit was at the 

high level. 

 

 2.6 The Result of the Classroom Observation 

  The researcher closely observed the classroom during the instruction.  The 

classroom observation form consisting of 6 parts about the teacher�s role, the student�s role, 

the learning activity, the activities� structure by the fading scaffold technique, the students� 

scientific explanation, and comments and suggestions was used to collect data.  The data 

was analyzed and concluded in 4 parts as follows.   
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  2.6.1 The Teacher7s Roles 

   Considering overall processes, the teacher�s roles in the instruction were 

appropriate even though the teacher could not probe every student�s thinking due to time 

limitation.  It was noticed that the teacher worked harder when structure of the activity was 

faded out.  Clearly, the teacher facilitated the students closely during the instruction 

especially when they worked on their own in order to diagnose what they thought and led 

them to the learning goals.  Since the students worked as a group of six, the teacher could 

scaffold them as a group rather than an individual.  In addition, the higher achieving 

students could help the others in their own group also.  As the scaffolder, the teacher often 

used questions to develop the students� ideas, particularly while they were discussing the 

results of their study, the experimental designs and the topic/problem that they were 

proposing to study.   

  2.6.2 The Student7s Role 

   The students seemed to be familiar with waiting for the teacher to tell what 

they were studying, even though the teacher asked or urged them to discuss in some 

points.  However, the students� participation had increased overtime.  It was noticed that the 

students were able to discuss better and increasingly not only with their peers but also with 

the teacher after a while.  Gradually, the students completed the inquiry practices more 

efficiently compared to their completion of previous lessons.  Most students knew what and 

how to do next.  This was noticed more frequently during the last two activities.  Yet, the 

teacher still needed to probe their ideas while they were working to prove that they 

understood the concepts and designed the experiments correctly.  Additionally, it was found 

that few students in each group could explain and help their peers to learn more.  Thus, the 

teacher had more time to help those students who were struggling.  There were some 

students who were not active and responsible in designing experiments and preparing what 

they needed to use for the experiments.  However, in general, most students performed the 

experiments and activities actively in the classroom. 

  2.6.3 The Learning Activity 

   It was found that there was some equipment that the students did not 

know.  Therefore, it was necessary to introduce and show them how to use the equipment.  

Generally, the students worked slowly and required some extra time to finish all processes 

of each activity especially during activity 3 to activity 7.  Mostly, their tasks such as 

designing an experiment and making a conclusion were always incomplete.  The teacher 
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had to assist them to correct ideas, which required more time outside the classroom.   

  2.6.4 The Students7 Scientific Explanation 

   The students had a chance to answer questions, express ideas and 

explain gained knowledge during the class period.  These processes required the students 

to provide reasonable explanation which referred to their logical thinking patterns.  In fact, 

these processes happened throughout all activities in the learning unit.  Unfortunately, only 

some students had a chance to propose their explanation aloud because of limited time.  

Regarding their scientific explanation, most students proposed incomplete explanations.  

The explanations were descriptive, even though the teacher tried to help them by asking 

questions, pointing out evidences from the experiment, or relating the idea to the previous 

concepts.  They still answered questions by providing facts or just what they perceived from 

the experiment.  Only few students showed appropriate explanation in their conclusion.   

 

 2.7 The Result of the Teacher Interview 

  The participating teacher was interviewed by the researcher using the 

teacher�s opinion towards the learning unit interview form after the implementation.  This 

form is composed of 12 open-ended questions about using the learning unit, the teacher, 

the students, inquiry practices, scientific explanation, problems and suggestions.  Data was 

analyzed and reported in 5 parts as follows. 

  2.7.1 The Learning Unit 

   From the teacher�s view, the learning unit was considered as a useful 

learning unit.  Although some contents were much beyond the students� understanding such 

as acid-base indicators, the activity arrangement using the fading scaffold technique 

enabled the students to learn more in a productive way as compared to traditional teaching.  

Fading complexity of the inquiry practices allowed the students to learn how a scientist 

works.  Additionally, it provided the students greater opportunity to develop inquiry skills, 

especially scientific reasoning.  The teacher claimed that the students� self study before 

class was necessary for doing activities in the classroom especially when assistance from 

the teacher was faded away.  There were some students who were not responsible for pre-

class tasks; thus, the instructional process was longer than expected period.  In addition, 

the teacher said that the students� learning was quite slow for some contents such as 

calculation of solution concentration because they were short of background knowledge in 

mathematics. 
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  2.7.2 The Teacher 

   According to the design of activity, the students had to do more complex 

tasks over time while the degree of the teacher� assistance was reduced.  As a 

consequence, the teacher needed to prepare well not only the content knowledge, but also 

teaching strategies in order to help the students reach the learning objectives.  For the 

instruction using the learning unit, questioning was very significant especially when the 

students needed help.  The teacher often used questions leading them to the answers 

rather than just giving the answers.  However, applying the fading scaffold technique in this 

learning unit was helpful for the students to practice scientific inquiry.  Using the learning 

unit was satisfied.  But, implementing open-ended scientific inquiry demands both time and 

effort, said by the teacher. 

  2.7.3 The Students 

   The teacher proposed that it was difficult to change the students� learning 

style. They were accustomed to receiving a multitude of information in the traditional way.  

They usually listen to a teacher and try to memorize information for examination.  However, 

the teacher claimed that 80% of the students paid attention to the learning.  Even though 

the students complained about difficulty in doing activities, they were always active to meet 

and discuss about the activities with the teacher.  Learning through the learning unit could 

be an effective means to promote the students� attitude towards science, said the teacher.  

However, the teacher claimed that the students had low prior knowledge. In addition, 

students who have low learning achievement were inactive to participate in doing inquiry.  

Thus the teacher needed to spend more time to encourage them in order to ensure all 

students learnt simultaneously.  As a result, the teacher suggested that providing enough 

time is very important in scaffolding a large classroom.   

  2.7.4 Inquiry Practices with the Fading Scaffold Technique 

   In general, doing open-ended scientific inquiry was difficult for the students.  

The teacher mentioned that the students should gain more experiences in doing guided 

inquiry or open-guided inquiry before working on an open-ended one.  It was found that the 

students faced difficulty in proposing a problem/topic to study and designing experiments 

well.  Unfortunately, it was not easy to manage time for scaffolding every student in the 

classroom. However, learning through the learning unit seemed to be fruitful for the 

students to practice inquiry skills.  It was different from usual instruction that most students 

usually found information for their study via internet.  They simply copied what they were 
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seeking for and pasted in their papers.  Therefore, this learning unit helped the students 

learn how to solve a problem.  Implementing the fading scaffold technique was considered 

as an excellent way to help the teacher facilitate the students� learning in scientific inquiry. 

  2.7.5 Scientific Explanation 

   The students usually provided incomplete answer and explanation.  In the 

beginning, they would say just what they think without providing reasons.  However, it was 

noticed that some students started giving evidences for their answers and explanations right 

after the first instructional plan was implemented.  According to the learning activities, the 

students had opportunities to learn and practice the scientific explanation.  They discussed 

and explained what they were learning with their peers and the teacher during the study.  

As a result, some students could provide more reasonable explanations.  The teacher 

mentioned that experimentation, particularly doing open-ended inquiry, was a major 

contributor to developing the students� scientific reasoning. 
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3. Summary of the Learning Unit Evaluation  

 

 In this research study, the learning unit was developed for enhancing scientific 

knowledge, inquiry skills, particularly scientific reasoning skills, and attitude towards science 

of the students.  The entire learning unit was implemented with the classroom of seventh 

grade students.  The results of the implementation in the confirmatory study stage were 

used to evaluate its effectiveness by testing the five hypotheses regarding the scientific 

reasoning skills, the learning achievement and the attitude towards science of the 

participating students.  Findings are concluded as follows. 

  1. The students who learned through the learning unit had a significant 

improvement on the scientific reasoning skills.  The scientific reasoning post-test mean 

score was higher than the scientific reasoning cut-off score.  However, there was no 

evidence to show that it was significantly higher than the determined criterion.   

  2. The students who learned through the learning unit had a significant 

improvement on the learning achievement.  However, the learning achievement post-test 

mean score was significantly lower than the learning achievement cut-off score.  

  3. The scientific reasoning post-test score significantly correlated to the 

learning achievement post-test score.  Namely, the student with higher score on the 

learning achievement had higher score on the scientific reasoning.  In contrast, the student 

with lower score on the learning achievement had lower score on the scientific reasoning.   

  4. The students who learned through the learning unit had a significant 

improvement on the attitude towards science. 

  5. Attitude towards science of the students who learned through the learning 

unit was at the high level. 

 In summary, the research findings showed that the scientific reasoning skills and 

the learning achievement of the students in the confirmatory study stage could not reach 

the determined criteria which were partially based on the scores of the students who were 

more ready for learning. Yet, the learning unit was effective to enhance the scientific 

reasoning skills, the learning achievement and the attitude towards science of the students 

significantly.  Discussions about these results are presented in the next chapter. 



CHAPTER 5  

 CONCLUSIONS, DISCUSSION AND RECOMMENDATIONS 

 

 This chapter represents conclusions, discussion and recommendations from this 

research which was concerned with the development and implementation of a learning unit 

covering scientific topics in �Matter in Daily Life�.  The learning unit focused on, not only 

content, but more importantly, the approach to teaching and learning which was based on 

an open-ended scientific inquiry using the fading scaffold technique.  The application of this 

technique was designed to enhance the knowledge, skills and attitude of the students.  In 

particular, it was proposed to develop scientific reasoning skills.  To evaluate effectiveness 

of the developed learning unit, data from the implementation were analyzed and used to 

evaluate these following hypotheses. 

  1. The students' scientific reasoning mean score after learning using the 

learning unit is higher than the scientific reasoning cut-off score at the 0.05 level of 

significance. 

  2. The students' learning achievement mean score after learning using the 

learning unit is higher than the learning achievement cut-off score at the 0.05 level of 

significance. 

  3. The students' scientific reasoning post-test score positively correlate to the 

students' learning achievement post-test score at the 0.05 level of significance. 

  4. The students' attitude towards science mean score after learning using the 

learning unit is higher than before at the 0.05 level of significance. 

  5. The students' attitude towards science after learning using the learning unit 

is at the high level at the 0.05 level of significance. 

 

1. Methodology 

 

 1.1 Sources of Data 

  Data of the research study were from two main stages: field trial study and 

confirmatory study.   Details of all sources are given below. 
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  1.1.1 Sources of Data in the Field Trial Study 

   1.1.1.1 Teacher 

    A science teacher who has six and half years experiences in teaching 

science and chemistry for middle school and high school students respectively at Khon 

Kaen University Demonstration School in Khon Kaen province.  

   1.1.1.2 Student 

    A classroom of seventh grade students (49 students) who studied 

science topics based on the third strand of the Thai National Science Curriculum Standards 

in the second half of the first semester of the 2007 academic year at Khon Kaen University 

Demonstration School in Khon Kaen province. 

  1.1.2 Sources of Data in the Confirmatory Study 

   1.1.2.1 Teacher 

    A science teacher who has five and half years experiences in teaching 

science and chemistry for middle school and high school students respectively at 

Wattananakorn School in Srakaeo province.  

   1.1.2.2 Student 

    Population 

     Four classrooms of seventh grade students who studied science 

topics based on the third strand of the Thai National Science Curriculum Standards in the 

first half of the second semester of the 2007 academic year at Wattananakorn School, 

Srakaeo province. 

    Sample 

     A classroom of seventh grade students (43 students) who studied 

science topics based on the third strand of the Thai National Science Curriculum Standards 

in the first half of the second semester of the 2007 academic year at Wattananakorn School, 

Srakaeo province.  

 

 1.2 Design and Data Collection 

  The learning unit was implemented in two main stages: the field trial study 

stage and the confirmatory study stage.  In the field trial study stage, the learning unit was 

implemented with forty nine students in order to 1) test quality of the learning unit in term of 

time, appropriateness and flow of the instructional sequences, 2) check some problems that 

might occur and 3) gather data to determine criteria for confirmatory study.  The students 
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worked in groups of six and individual student was required to hand in a completed lab 

report every week.  The whole learning unit was tried out for 21 periods, 3 periods a week 

(1 period = 50 minutes).  To collect data, the scientific reasoning test, the learning 

achievement test and the attitude towards science measure were administered before and 

after the instruction using the learning unit.   

  In the confirmatory study stage, forty three students who had lower readiness 

for learning as compared to the students in the field trial study were administered a series 

of tests previously (i.e., the scientific reasoning test, the learning achievement test and the 

attitude towards science measure).  The whole learning unit was then implemented with 

these students over 23 periods, 3 periods a week.  Six students worked together as a 

group and everyone was required to submit a completed lab report each week.  Following 

the instruction, the students were administered the same series of the tests. 

  In both stages, the procedures and happening during the class period were 

observed by the researcher using the classroom observation form.  In addition, discussion 

between the researcher and the teacher after implementing each instructional plan and the 

entire learning unit, and the teacher interview after the implementation provided more 

information about using the learning unit, problems and suggestions.   

 

 1.3 Instruments 

  1. The Learning Unit: The learning unit titled �Matter in Daily Life� was 

designed to promote middle school students; scientific reasoning skills by applying the 

fading scaffold technique to support open-ended scientific inquiry and scientific explanation.  

Topics in the learning unit including matter and properties of matter, classification of matters, 

solution, separation of matters and acid-base solutions are based on the third strand of the 

Thai National Science Curriculum Standards.  The learning unit takes 23 periods of 

classroom participation (1 period = 50 minutes).  

  2. Scientific Reasoning Test: The scientific reasoning test consists of eight 

test items adapted from the Test of Logical Thinking (TOLT) (Tobin.  2006: Online).  This 

test assessed four reasoning types: proportional reasoning, controlling variables, 

probabilistic reasoning, and correlational reasoning.  Two test items assess each type of 

reasoning skills.  Each question ends up with follow-up reasoning section.   
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  3. Learning Achievement Test: The learning achievement test consists of 25 

multiple choice test items developed by the researcher.  This test assessed four categories 

of behavior: knowledge, comprehension, science process skills and application. 

  4. Attitude towards Science Measure: The attitude towards science measure 

consists of 37 items translated from Kind; Jones; & Barmby (2007: 880-881) ;s attitude 

towards science measure.  These items are five-point rating Likert Scale: 1= strongly 

disagree, 2 = disagree, 3 = neutral, 4 = agree and 5 = strongly agree.  This measure 

examined the students; cognitive and emotional opinions about six aspects of science: 

learning science in school, self-concept in science, practical work in science, science 

outside of school, future participation in science and importance of science. 

  5. Classroom Observation Form: The classroom observation form consists of 

6 open-ended questions developed by the researcher.  This form was used by the 

researcher to record procedures and happening during the learning unit implementation. 

  6. Teacher.s Opinion towards the Learning Unit Interview Form: The 

teacher; opinion towards the learning unit interview form consists of 12 open-ended 

questions developed by the researcher.  This form was used by the researcher to interview 

the participating teacher after the learning unit implementation to collect data about using 

the learning unit, problems and suggestions. 

 

 1.4 Statistical Analyses  

  Statistics used in this study for testing the hypotheses is presented below.   

  1.4.1 Determination of Cut-off Score 

   Determination of cut-off score by Berk;s method (Berk.  1976: 4-9) was 

used to determine criterion for testing the first and second hypotheses.  Post-test scores 

from the field trial study and pre-test scores from the confirmatory study were used to plot 

frequency curves to find possible cut-off scores.  Each possible score was used to compute 

probability of correct decisions, probability of incorrect decisions and validity coefficient to 

find the most optimal cut-off score.   

  1.4.2 Descriptive Statistics 

   Descriptive statistics such as mean and standard deviation was used to 

analyze pre-test and post-test scores of the students' scientific reasoning, the students' 

learning achievement and the students' attitude towards science.  These were calculated by 

the SPSS program. 
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  1.4.3 Inferential Statistics 

   The SPSS program was used to analyze data for testing the hypotheses.  

There were 3 types of analysis as follows. 

   1.4.3.1 One sample t-test at the 0.05 level of significance was used to 

compare post-test mean scores of the scientific reasoning, the learning achievement and 

the attitude towards science with the criterion. 

   1.4.3.2 Paired samples t-test at the 0.05 level of significance was used to 

compare pre-test and post-test mean scores of the scientific reasoning, the learning 

achievement and the attitude towards science. 

   1.4.3.3 Bivariate correlation at the 0.05 level of significance was used to 

determine direction and degree of correlation between the scientific reasoning and the 

learning achievement post-test scores. 

 

2. Conclusions of the Findings 

 

 Findings of this research study regarding the development and implementation of 

the learning unit were concluded and presented in two main parts. 

 

 2.1 Findings of the Learning Unit Development 

  Findings from the development of the learning unit are shown in three main 

parts as follow: 1) Findings of Designing the Learning Unit, 2) Findings of Evaluating the 

Learning Unit by the Experts and 3) Findings of the Field Trial Study. 

  2.1.1 Findings of Designing the Learning Unit 

   The learning unit with incorporated scientific explanation was developed by 

increasing non-structured scientific inquiry practice through all activities gradually.  The 

entire learning unit has seven activities lasting 21 periods.  Each activity has different 

structure of teacher-directed practice which represents different degree of scientific inquiry 

as shown in Figure 7 (p. 75).  In stage I, students learned science by verification method.  

Every step was set up and directed by the teacher.  Then, the students had more 

responsibility progressively in their learning, with the level of inquiry changing from teacher-

directed inquiry to more student-directed inquiry.  This change continued until the last stage, 

where the activity was fully unstructured which was open-ended scientific inquiry.  This 
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change was in the exploration and explanation steps of the learning cycle which was a 

framework to sequence instructional processes of each lesson plan.   

  2.1.2 Findings of Evaluating the Learning Unit by the Experts 

   Analysis of correspondence of all components in the learning unit showed 

that the components in the learning unit are related to each other.  Additionally, comments 

and suggestions from the experts showed some aspects that should be changed or 

improved such as wording in the teacher manual and the instructional plans, processes of 

activity 5, some examples in instructional materials and questioning in activity 3.  After the 

revision, the whole learning unit was implemented in the field trial study stage.  Results of 

this stage are shown in the next section.   

  2.1.3 Findings of the Field Trial Study Stage 

   The learning unit was implemented with a classroom of seventh grade 

students at Khon Kaen University Demonstration School for 21 periods.  Data from the field 

trial study consisted of both quantitative and qualitative data.  Quantitative data concerning 

scientific reasoning scores, learning achievement scores and attitude towards science 

scores were analyzed using descriptive statistics such as mean and standard deviation, and 

inferential statistics.  Qualitative data from the classroom observation and discussion with 

the participating teacher were analyzed and interpreted in term of descriptive report as 

follows.   

   2.1.3.1 Comparison of Scientific Reasoning Pre-test and Post-test Scores 

from the Field Trial Study 

    The results from analysis of scientific reasoning pre-test and post-test 

scores showed the mean and standard deviation of the students; scientific reasoning pre-

test scores 8.74 and 3.662 respectively.  For the post-test scores, the mean and standard 

deviation are 13.32 and 3.823 respectively.  Analysis of paired samples t-test by the SPSS 

program at the 0.05 level of significance was used to compare the scientific reasoning pre-

test and post-test scores.  The results showed that the students who learned through the 

learning unit had a significant improvement on the scientific reasoning skills. 

   2.1.3.2 Comparison of Learning Achievement Pre-test and Post-test Scores 

from the Field Trial Study 

    The results from analysis of learning achievement pre-test and post-

test scores showed the mean and standard deviation of the students; learning achievement 

pre-test scores 8.30 and 3.007 respectively.  For the post-test scores, the mean and 
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standard deviation are 11.38 and 3.359 respectively.  Analysis of paired samples t-test by 

the SPSS program at the 0.05 level of significance was used to compare the learning 

achievement pre-test and post-test scores.  The results showed that the students who 

learned through the learning unit had a significant improvement on the learning 

achievement. 

   2.1.3.3 Comparison of Attitude towards Science Pre-test and Post-test 

Scores from the Field Trial Study 

    The results from analysis of attitude towards science pre-test and post-

test scores showed the mean and standard deviation of the students; attitude towards 

science pre-test scores 3.62 and 0.444 respectively.  For the post-test scores, the mean 

and standard deviation are 4.06 and 0.313 respectively.  Analysis of paired samples t-test 

by the SPSS program at the 0.05 level of significance was used to compare the attitude 

towards science pre-test and post-test scores.  The results showed that the students who 

learned through the learning unit had a significant improvement on the attitude towards 

science. 

   2.1.3.4 Findings from the Classroom Observation and Discussion with the 

Teacher  

    Findings, comments and suggestions received from the field trial study 

showed that some material in the learning activities, pictures and wording in some activities 

should be changed.  In addition, the instructional processes of activity 4 (preparation and 

dilution of solutions) should be revised.  Moreover, time allocation of the whole learning unit 

should be adjusted.  Thus, the learning unit was revised according to these findings.  As a 

result, the entire learning unit lasts 23 periods.   

   In conclusion, findings from analyses of quantitative data could be an 

evidence to show that the learning unit would be effective to enhance students; learning in 

the confirmatory study.  Moreover, the revision using comments and suggestions from the 

field trial study stage improved quality of the learning unit.  Then, overall processes of the 

instruction were suitable and ready for the confirmatory study stage.  The results from the 

confirmatory study are shown in the next section. 

 

 2.2 Findings of the Confirmatory Study Stage 

  The learning unit was implemented with a classroom of seventh graders at 

Wattananakorn School for 23 periods.  Data from the implementation were both quantitative 



 109 

and qualitative.  Quantitative data regarding scientific reasoning scores, learning 

achievement scores and attitude towards science scores were analyzed by descriptive 

statistics such as mean and standard deviation, and inferential statistics.  In term of 

qualitative data, assembled data from the classroom observation and the teacher interview 

were analyzed and interpreted in term of descriptive report.   

  The results of analyzing quantitative data were used to evaluate five research 

hypotheses which indicated effectiveness of the learning unit.  Findings from this stage are 

shown in three main parts: 1) Findings from testing hypotheses, 2) Findings from classroom 

observation and 3) Findings from teacher interview. 

  2.2.1 The Results of Testing Hypotheses 

   2.2.1.1 The First Hypothesis 

    This hypothesis stated that the students' scientific reasoning mean 

score after the instruction using the learning unit is higher than the scientific reasoning cut-

off score at the 0.05 level of significance.  The results from analysis of scientific reasoning 

pre-test and post-test scores showed mean and standard deviation of the pre-test scores 

6.21 and 2.042 respectively.  For the post-test scores, mean and standard deviation are 

9.70 and 3.181 respectively.  In addition, the comparison of the pre-test and the post-test 

scores indicated that the students who learned through the learning unit had a significant 

improvement on the scientific reasoning skills.  The comparison of the post-test scores with 

the cut-off score indicated that the scientific reasoning post-test mean score was higher 

than the cut-off score but there was no evidence to show that it was significantly higher 

than the determined criterion.  

   2.2.1.2 The Second Hypothesis 

    This hypothesis stated that the students' learning achievement mean 

score after the instruction using the learning unit is higher than the learning achievement 

cut-off score at the 0.05 level of significance.  The results from analysis of learning 

achievement pre-test and post-test scores showed mean and standard deviation of the pre-

test scores 7.79 and 2.376 respectively.  For the post-test scores, mean and standard 

deviation are 9.86 and 3.106 respectively.  In addition, the comparison of the pre-test and 

the post-test scores indicated that the students who learned through the learning unit had a 

significant improvement on the learning achievement.  Nevertheless, the comparison of the 

post-test scores with the cut-off score indicated that the learning achievement post-test 

mean score was lower than the cut-off score. 
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   2.2.1.3 The Third Hypothesis  

    This hypothesis stated that the students' scientific reasoning post-test 

scores positively correlated to the students' learning achievement post-test scores at the 

0.05 level of significance.  The results of analyzing the scientific reasoning post-test scores 

and the learning achievement post-test scores showed significant positive correlation. 

   2.2.1.4 The Forth Hypothesis 

    This hypothesis stated that the students' attitude towards science mean 

score after the instruction using the learning unit is higher than before at the 0.05 level of 

significance.  The results from analysis of attitude towards science pre-test and post-test 

scores showed mean and standard deviation of the pre-test scores 3.66 and .358 

respectively.  Mean and standard deviation of the post-test scores are 3.92 and .362.  In 

addition, the comparison of the pre-test and the post-test scores indicated that the students 

who learned through the learning unit had a significant improvement on the attitude towards 

science.    

   2.2.1.5 The Fifth Hypothesis 

    This hypothesis stated that the students' attitude towards science after 

the instruction using the learning unit is at the high level at the 0.05 level of significance.  

The comparison of the attitude towards science post-test scores with the criterion (3.50) 

indicated that attitude towards science of the students after learning through the learning 

unit was at the high level. 

  2.2.2 The Results of Classroom Observation 

   2.2.2.1 The Teacher;s Role 

      1. The teacher;s role during the instruction was appropriate. 

      2. The teacher worked harder when the activity became more 

student-directed in order to explore and guide students; thinking into the learning goals. 

      3. In addition to scaffolding the students as a group by the teacher, 

the higher achieving students could help the others in their own group also.   

      4. The teacher used questions frequently to fulfill and correct 

students; ideas, particularly while they were discussing the results of their study, 

experimental designs, and topics/problems to study. 

   2.2.2.2 The Student;s Role 

      1. The students were passive.  Although they were guided to think, 

most of them still waited for the answers.   
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      2. The students participated and discussed reasonably with their 

peers and the teacher increasingly after learning for a while.   

      3. The students could complete the inquiry practices by gradually 

learning from previous lessons while the assistance from the teacher was still necessary. 

      4. Some students could help others in their own group to learn.  As a 

result, the teacher had more time to help other students.   

      5. Some students were inactive and they were not responsible for 

learning both inside and outside the classroom. Yet, most students performed experiments 

and activities in the classroom actively. 

   2.2.2.3 The Learning Activity 

      1. It was necessary to introduce and show the students how to use 

some equipment that the students had never known before. 

      2. The students finished some activities outside the class time, 

especially during activity 3 to activity 7.   

      3. The students could not design an experiment and make a 

conclusion completely.  The teacher had to provide helps outside the classroom.     

   2.2.2.4 The Students; Scientific Explanation 

      1. The students were required to provide scientific explanation all 

along the processes of the instruction.        

      2. Students; explanation was descriptive.  They provided only facts 

from an experiment mostly.  

      3. Only few students showed complete explanation and conclusion.   

  2.2.3 The Results of the Teacher Interview 

   2.2.3.1 The Learning Unit 

      1. Instruction using the learning unit was useful, allowing the students 

to learn in a productive way.   

      2. Fading complexity of activities provided the students opportunity to 

learn the way a scientist works and to develop inquiry skills, especially scientific reasoning.   

      3. The students were not responsible for pre-class tasks.  Thus, the 

instructional process took longer than expected.   

      4. The students had low background knowledge in mathematics 

which resulted in learning through the learning unit.  
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   2.2.3.2 The Teacher 

      1. The teacher had to have solid content knowledge and various 

teaching strategies to help the students reach the learning objectives. 

      2. Questioning was significant to guided the students think.   

      3. The teacher was satisfied with using the learning. 

      4. Implementing open-ended scientific inquiry demands both time and 

effort. 

   2.2.3.3 The Students 

      1. It was difficult to change the students; learning style. They usually 

listen to a teacher and try to memorize information for examination. 

      2. Learning through the learning unit is an effective way to promote 

the students; attitude towards science.  The students were active to meet the teacher and 

discuss about the activities.   

      3. The low achieving students passively participated in doing activity.  

The teacher had to spend more time to encourage them to learn simultaneously.   

   2.2.3.4 Inquiry Practices with the Fading Scaffold Technique 

      1. The students should gain enough experiences before implementing 

an open-ended scientific inquiry.   

      2. Time was a main constraint in scaffolding a whole classroom.   

      3. Learning through the learning unit was prolific for the students to 

practice inquiry skills. 

      4. Using the fading scaffold technique was an excellent way to help 

the teacher facilitate the students; learning in scientific inquiry skills. 

   2.2.3.5 Scientific Explanation 

      1. The students could learn to improve scientific explanation by the 

learning activities because the learning activities allowed them to discuss and explain with 

their peers and the teacher.   

      3. Doing open-ended inquiry could develop the scientific reasoning of 

the students. 
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3. Discussion 

 

 The research findings have shown that the learning unit was effective to enhance 

the scientific reasoning skills, the learning achievement and the attitude towards science of 

the students significantly.  Nevertheless, the scientific reasoning and the learning 

achievement of the students in the confirmatory study could not reach the determined 

criteria which were partially based on the score of the students who were more ready for 

learning in the field trial study.  This section presents discussion about these findings in a 

sequence of the following topics.   

  3.1 The Results of Using the Learning Unit in Scientific Reasoning Skills 

  3.2 The Results of Using the Learning Unit in Learning Achievement 

  3.3 The Results of Using the Learning Unit in Attitude towards Science 

 

 3.1 The Results of Using the Learning Unit in Scientific Reasoning Skills 

  A major question addressed in this research study was whether the scientific 

reasoning score of the students in the confirmatory study would be higher than the 

determined criterion by participating in an instruction using the learning unit.  The results 

from analysis of the scientific reasoning pre-test and post-test scores showed that the 

students had a significant improvement on the scientific reasoning skills.  However, there 

was no evidence to show that the scientific reasoning post-test mean score was significantly 

higher than the determined criterion.  Perhaps reasons that the students; mean score did 

not pass the criterion were as follows.   

   3.1.1 Both average pre-test and post-test scores on the scientific reasoning 

(Table 25, Appendix C) of the field trial study stage were higher than those of the 

confirmatory study stage. 

   The criterion for testing the hypothesis was partially based on the 

reasoning post-test score of the students in the field trial study.  The pre-test average score 

of the students in the field trial study stage was higher than that of the students in the 

confirmatory study stage.  As a result, the students in the field trial study seemed to be 

higher achieving learners.  Evidence from the teacher interview (see p. 99) showed that a 

higher achieving student was usually more enthusiastic in learning than a lower achieving 

one.  Likewise, the post-test average scores of these two groups showed the same trend.  

Therefore, the post-test scores of the students in the field trial study maximized the 
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scientific reasoning cut-off score.  This is probably an explanation why the scientific 

reasoning post-test mean score of the students in the confirmatory study was not 

significantly higher than the cut-off score.   

  3.1.2 The students in the confirmatory study stage were different in both 

physical and social experiences than the students in the field trial study stage. 

   The students in the field trial study were more ready for learning than 

those in the confirmatory study.  Besides, responsibility of the student was very important 

for this kind of learning environment because some activities were done outside the class 

time.  Considering the school setting, the school in the field trial study is in urban area but 

the school in the confirmatory study is quite in rural area.  There were differences of 

learning culture, learning enthusiasm, educational aspiration, grade level of parents and 

family background between the two groups.  Similar to Ley; Nelson; & Beltyukova (1996: 

Abs); & McCracken; & Barcinas (1991: Abs);s studies, differences between urban and rural 

students were found such as grade-point average, educational level of parents, educational 

aspirations, personal goals and income expectations.  Kwon; & Lawson (2000: 56) found 

evidence to show that improvement in scientific reasoning is a product of both neurological 

maturation and experiences (both physical and social) as depicted in Figure 11.  This is 

relevant to Rifkin; & Georgakakos (1996: Online);s statement that there is a variety of 

factors which influence the development of scientific reasoning, such as prior knowledge, 

processing capacity, cognitive styles, culture, achievement and personality.  In addition, 

Siripatharachai (2006: 124);s study showed that a variety of both direct and indirect factors 

such as democratic nurturing, mental ability, science achievement, scientific creativity and 

attitude towards science resulted positively in scientific reasoning skills of fourth graders.  

Differences of these factors possibly resulted in difference of the scientific reasoning 

improvement of the students in both groups.     
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FIGURE 11 RELATIONSHIP BETWEEN AGE, HYPOTHETICO-DEDUCTIVE REASONING 

     AND CONCEPT UNDERSTANDING 

 

 From: Yong-Ju Kwon; & Anton E. Lawson.  (2000).  Linking Brain Growth with 

Scientific Reasoning Ability and Conceptual Change during Adolescence.  Journal of 

Research in Science Teaching.  37(1): 45. 

 

  3.1.3 Results of the classroom observation showed that duration for some 

learning activities in the confirmatory study stage was not appropriate.  The students had to 

finish the activities outside the class time (see p. 99). 

   It is possible that both period and degree of withdrawing the structure of 

activity was not appropriate for these students as compared to those in the field trial study.  

Although the entire period of using the learning unit was extended after the field trial study 

stage, the students in the confirmatory study spent more time to finish some activities.  

They might require more time to learn and internalize the scientific thinking skills and the 
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science process skills.  Therefore, degree of withdrawing the activity structure should be 

revised and adjusted to be more appropriate for these students.   

   Eick; Meadows; & Balkcom (2005: 49) proposed that appropriately 

scaffolded inquiry can provide a smooth transition from familiar routines to inquiry-based 

instruction.  However, it seemed that there should be more research on a different method 

of fading which is possibly more effective for promoting scientific reasoning in an inquiry-

based instruction.  Normally, pattern of fading is not specific because there are many 

factors such as age of students, content area, roles of a teacher, language and duration of 

the scaffolds that influence when and how scaffolds should be faded (McNeill; et al.  2006: 

182).  In general, how to fade support or assistance depends principally on boundaries of a 

student;s capability and need.  Therefore, the role of social interaction in determining 

precise boundaries of what the student can do and what he/she can not do alone is very 

important (Driscoll.  2005: 254-257).  Furthermore, scaffolding a whole classroom that 

individual student;s ZPD and amount of prompting each student are different is another 

major challenge (Hogan; & Pressley.  1997: 84).  As a result, determination of an indicator 

for tracking students; learning in a whole classroom should be a major concern for further 

study.  

  3.1.4 Score and score increase in proportional and probabilistic reasoning 

were lower than those of the other two (Table 26, Appendix C). 

   The participating teacher of the confirmatory study stage claimed that 

background knowledge in Mathematics of the students was not good.  Therefore, 

computational skills might result in the scientific reasoning score of the students.  Vass; 

Schiller; & Nappi (2000: 982) studied the effects of instructional intervention to improve 

proportional, probabilistic, and correlational scientific reasoning skills among undergraduate 

students whose major was education.  The results showed that students in the experimental 

group showed improvement in all three areas of reasoning after taking part in the 

specifically planned intervention consisting of three 20 minutes sessions over three weeks.  

Significantly, it was found that students with science and/or Mathematics backgrounds 

performed noticeably better in all three areas of reasoning on both pre-test and post-test 

than did non science/Mathematics background students (p. 993). 
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 3.2 The Results of Using the Learning Unit in Learning Achievement 

  Another concern in this research study was whether the learning achievement 

score of the students in the confirmatory study would be higher than the determined 

criterion by participating in an instruction using the learning unit.  The results from analysis 

of the learning achievement pre-test and post-test scores showed that the students had a 

significant improvement on the learning achievement.  Yet, there was no evidence to show 

that the learning achievement post-test mean score was significantly higher than the 

determined criteria.  In what ways does the students; learning achievement mean score did 

not pass the criterion? 

  3.2.1 Both average pre-test and post-test scores on the learning achievement 

(Table 27, Appendix C) of the field trial study stage were higher than those of the 

confirmatory study stage. 

   Similar to the determination of the scientific reasoning cut-off score, the 

learning achievement post-test scores of the students in the field trial study stage probably 

maximized the learning achievement cut-off score according to the differences in many 

factors between two groups of students as stated in a previous topic.   

  3.2.2 There was positive correlation between the scientific reasoning and the 

learning achievement score (see p. 95).   

   The results from analysis of bivariate correlation indicated the positive 

correspondence between the scientific reasoning and the learning achievement of the 

students.  This means the student who had low score on the scientific reasoning also had 

low score on the learning achievement.  In contrast, the student who had high scientific 

reasoning score also had high learning achievement score.  Thus, reasoning ability itself 

might have an effect on the learning achievement score.  This is supported by Johnson; & 

Lawson;s study (1998: 96) which showed a positive correlation between reasoning ability 

and achievement in college Biology class.  Effect of reasoning ability on students; learning 

achievement was also revealed by many researchers in chemistry and physics classes (e.g., 

Strahan; & O;Sullivan (1986) at the middle school level, Kraijik; & Haney (1987); & Staver; 

& Halsted (1985) at the high school level, and Champagne; Klopfer; & Anderson (1980); 

Niaz (1985); Niaz; & Lawson (1985) at the college level) (Johnson; & Lawson.  1998: 90).  

In addition, studies of Niaz (1996: Abs) and Kwon; & Lawson (2000: 57) revealed a 

relationship between scientific reasoning ability and ability to gain conceptual knowledge.  

Following researchers found the same relationship (e.g., Lawson; & Worsnop (1992); 
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Lawson; et al.  (1991); Westbrook; & Marek (1991, 1992)) (Johnson; & Lawson.  1998: 90).   

   Niaz (1996: Abs) implemented tests of formal operational reasoning, 

functional M-capacity, disembedding ability and chemistry problems (limiting reagent, mole, 

and gas laws) with 109 freshman students.  Results of the study showed that the students 

who had higher score on cognitive predictor variables demonstrated greater understanding 

and used reasoning strategies based on the hypothetical deductive reasoning, manipulation 

of essential information and sensitivity to misleading information, to solve the problems.  

Regarding Figure 11 in the previous topic, Kwon; & Lawson (2000: 45) explained that 

maturation of prefrontal lobes along with physical and social experience plays a role in 

increases of working memory (i.e., mental capacity), which leads to improvement in 

hypothetical deductive reasoning abilities.  These abilities including ability to inhibit task-

irrelevant information, ability to dissembed relevant from irrelevant task information and 

ability to plan and mentally represent task-relevant information are used prior to the 

acquisition of science concepts.  Therefore, a traditional science teacher should put 

emphasis on improving a student;s scientific thinking skills, rather than just focusing on a 

multitude of contents.  

  3.2.3 The students had never faced inquiry-based instruction with student-

directed manner (see p. 99).  They were familiar with listening to a teacher and memorizing 

facts for an examination. 

   The researcher speculated that change of instructional style influenced the 

learning achievement score of the students.  The inquiry-based instruction differs from 

familiar routines that focus on textbook-reading, note-taking and memorizing contents.  

Therefore, the students had to adjust themselves for this new instructional approach.  

Similarly stated by Eick; Meadows; & Balkcom (2005: 49), implementing inquiry for the first 

time seems to be intricate for a science teacher, especially an open-ended scientific inquiry.  

Instruction based on an authentic open-ended scientific inquiry requires a teacher to design 

experiences that provide students responsibility for managing all aspects of their own 

inquiry, posing questions they want to study, generating methods to pursue investigations, 

analyzing data and making conclusions of the studies (Smith; et al.  2000: 404).  These are 

contrary to cookbook type laboratories used in conventional science classrooms, in which 

the problems, methods and conclusions are given to students ahead of time.  As a result, 

implementing an open-ended inquiry in which students themselves become involved with all 

procedures is challenging not only a teacher but also students who are new to inquiry.   

  3.2.4 Limitation of time according to the students; background knowledge and 
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the new teaching approach was a main constraint (see p. 98). 

   Considering prior knowledge of the students in the confirmatory study 

stage, the teacher had to spend more time than that in the field trial study stage to fulfill 

their background knowledge (see p. 99).  According to Liewellyn (2002: 49); & Bell; et al. 

(2003: 64);s statement, a child;s learning depends on his/her prior knowledge and 

experiences.  Thus, spending time longer for fulfilling the students; understanding both 

before and during instruction is necessary.  Moreover, the new teaching approach required 

the students to achieve the more complex tasks.  These factors retarded the overall 

learning process and resulted in remaining time for some other activities.  To implement the 

ideal scientific inquiry approach, Hackling (2005: 2) proposed that a student should be given 

ample time to reflect their own ideas, to engage in dialogue for developing their conceptual 

ideas, and to defend their findings to others.  However, as stated by Hogan; & Pressley 

(1997: 86), curriculum and time are main constraints in scaffolding a classroom setting.  An 

enormous amount of content often pushes a teacher to move on to a next topic before 

students have mastered the current topic, especially at high school level.  However, Eick; 

Meadows; & Balkcom (2005: 53) have suggestions for scaffolding a meaningful inquiry that 

is completely student-directed under structured, whole class contexts with time limitation. A 

teacher should provide scaffold in form of format guidelines, partial work deadlines, and 

rubrics to evaluate their final work because most student works are generally done outside 

of class period.  During class time, the teacher should guide the students for preparation of 

the inquiry such as searching for related information.  Additionally, Hogan; & Pressley 

(1997: 84-85) suggested an alternative approach by providing students with tools such as 

cue cards or question cards which are temporary supporting structures that help the 

students to complete the tasks.  These supports work as a scaffold for some students who 

need help while the teacher is scaffolding some other students.   

   In addition, these factors resulted in process of scientific explanation also.  

Everyone;s thinking could not be aloud during the instruction (see p. 99).  Thus, the teacher 

possibly missed some students and left them behind.  To solve this problem, the approach 

recommended by Hogan; & Pressley (1997: 84-85) is probably helpful.  Providing temporary 

supporting structures helps a teacher not only to scaffold students; thinking but also to 

improve their scientific explanation.  As found by Keys;s study (1994: Abs), report guideline 

prompts were designed to scaffold six ninth-grade students in the use of scientific reasoning 

skills and to document qualitative changes in using reasoning skill over a 4.5-month period.  

The students represented three collaborative writing pairs.  They wrote 10 laboratory reports 
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during the intervention.  Results indicated that the students showed improvement on 

scientific explanation that represented a synthesis of prior knowledge, activity observations 

and other sources of information over time.  Collaborative writing encouraged the students 

to construct their own understanding of science concepts by creating an environment in 

which thinking, reasoning and discussion were valued, claimed Keys. 

 

 3.3 The Results of Using the Learning Unit in Attitude towards Science 

  Other two questions in this research study were 1) whether the attitude 

towards science of the student after the instruction would be significantly higher than before 

the instruction, and 2) whether their attitude towards science after learning through the 

whole learning unit was at the high level.  Analysis of the attitude towards science pre-test 

and post-test scores showed that learning through the learning unit could improve the 

student;s attitude towards science significantly.  Their attitude towards science after the 

instruction was at the high level.  A variety of factors that were contributed to the 

effectiveness of the learning unit in enhancing attitude towards science of the students are 

as follows. 

  3.3.1 The students had opportunity to do science rather than just listen to the 

teacher (see p. 98). 

   It was conjectured that the increase of attitude towards science of the 

students was due to the new instructional approach, inquiry-based instruction.  The students 

worked in groups in a variety of ways such as planning and performing experimentations, 

and learning to listen, share, and raise questions about other's ideas.  This is relevant to 

Deboer;s specification (2005: 19) that one of the purposes of inquiry-based instruction is to 

increase students; intrinsic motivation and efforts to be more effective and meaningful.   

   Additional analysis of the attitude towards science post-test scores showed 

that item #1 stating �we learn interesting things in science lessons�, and item #16 stating 

�practical work in science is good because I can work with my friends� had average score 

4.65 and 4.58 respectively.  These two items were at the highest level.  For the first item, it 

might be because the students had never done experiment in primary school.  In addition, 

these new inquiry activities focused on using matter that was easy to find around their 

school.  Therefore, the students could see relationship between what they learn and what 

was around them.  This made the lessons more interesting and motivated the students to 

think that there are interesting things in science lesson.  The reason for the second item 
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was probably because the students had opportunity to work in group in many ways such as 

discussing, designing and performing the study rather than being told by the teacher only.  

This is an attribute of inquiry-based instruction that a student is more involved in the 

knowledge construction.   

  3.3.2 Activities in the learning unit were meaningful for the students.  The 

instruction allowed the students to have more control over their own learning in an 

investigative way rather than being told by their teacher (see p. 98). 

   Complexity of the inquiry practice was designed using the fading scaffold 

technique to transfer responsibility to complete the inquiry tasks to the students gradually.  

Especially, they had opportunity to choose what they want to study by themselves during 

the last two stages.  Thus, the student might feel that it was their own work.  Moreover, 

importantly, the inquiry practice did not overwhelm the students who had never faced these 

experiences before.  This kind of activity motivated them and resulted in the increase of the 

attitude towards science score.  It was supported by the teacher;s opinion that most 

students were enthusiastic to the learning.  The teacher stated that 80% of the students 

paid attention to the learning, which was different than that in a usual classroom.  This 

finding is consistent to a multitude of researches which showed that inquiry-based 

instruction is effective to fostering positive attitude towards science (Haury.  1993: Online).   

   For example, Lord; & Orkwiszewski (2006: 343-345) studied the results of 

inquiry-based activities with 100 college students enrolled in non-majors introductory biology 

classes.  This study showed that the students from inquiry-based activities enjoyed the 

investigations more than the students who used traditional laboratory manual.  They also 

found that the inquiry approach enhanced the students; attitude towards science.  Also, 

Gibson; & Chase (2002: 703) examined a long-term impact of a Summer Science 

Exploration Program (SSEP), a 2-week inquiry-based science camp, on middle-school 

students.  They reported that SSEP students maintained a more positive attitude towards 

science and a higher interest in science careers than students who did not attend the 

program.  They claimed that teaching science by an inquiry-based approach is helpful for 

students to remain interest and become motivated to put more effort on their studies. 

 To summarize, the students (both in the field trial study and the confirmatory study) 

who learnt through the learning unit promoting student-directed inquiry practices by the 

fading scaffold technique had significant improvement on the scientific reasoning, the 

learning achievement and the attitude towards science.  Although the scientific reasoning 

and the learning achievement of the students in the confirmatory study did not pass the 
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determined criteria, the most important thing was to represent authentic contexts of 

scientific inquiry.  They should know how to choose reliable data sources and information 

and how to construct new knowledge.  These experiences would be a foundation for them 

to become competent people in the globalized society. 

 

4. Recommendations 

 

 This research showed that scientific inquiry experience with incorporated fading 

scaffold technique was successful in fostering the scientific reasoning, the learning 

achievement and the attitude towards science of the students during the middle school year.  

Significantly, improvement on the scientific reasoning and the learning achievement of the 

students in the confirmatory study stage could not reach the determined criteria which were 

partially based on score of the students who were more ready for learning.  Hence, it is 

interesting to continue seeking for solutions to develop every student to reach the same 

goals.  This section provides the recommendations of using the learning unit for 

stakeholders. 

 

 4.1 Recommendations for Policy Maker 

  The results of implementing the learning unit revealed that most students were 

enthusiastic to perform experiments and do activities.  In addition, the participating teacher;s 

statement also supported this notice.  Eighty percentage of the students paid attention to 

the instruction.  They were always active to meet and discuss about their experiments with 

the teacher.  Significantly, the research findings showed that the learning unit was effective 

to enhance the scientific reasoning skills, the learning achievement and the attitude towards 

science of the students significantly.  However, it is essential to improve these activities to 

be more effective and prepare a science teacher to be ready to use them in a real setting.  

In addition, the fading scaffold technique was useful to promote scientific inquiry skills of a 

student.  Science teachers should be supported to study and apply it in their classroom. 
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 4.2 Recommendations for Science Teachers 

  4.2.1 To apply the fading scaffold technique or use the learning unit, the 

teacher has to prepare himself/herself to be a good scaffolder. 

   Role of a teacher in a scaffolding classroom is different than that in the 

traditional classroom.  The teacher serves as a social partner who provides guidance or 

assistance to a student to complete the complicated tasks.  This is contrary to most 

classroom tasks that emphasize rote memorization and recall of facts and skills.  Therefore, 

the teacher has to prepare questions and some techniques to guild the student when 

he/she needs help.  These guidelines should allow the student to think on his/her own.       

  4.2.2 Period of using the learning unit and degree of withdrawing structure of 

the activities are flexible.  It depends on students; prior knowledge. 

   Duration of each activity could be flexible.  Students who have low learning 

achievement need more time to finish the activity, especially an open-ended inquiry practice.  

In particular, the exploration and explanation stages should be prolonged.  The students will 

have more time to explain their thinking.  Then, the teacher could fulfill or correct their 

understandings.  In addition, the teacher should prepare the students for using new 

equipments before a class time so that duration of implementing each activity would not be 

interrupted.     

   Considering degree of withdrawing structure of the activities, rate of 

withdrawing the structure might be changed.  For low learning achievement students, the 

teacher should decrease rate of withdrawing so that a learning task will not overwhelm them.     

  4.2.3 Reports of science project which are related to the contents of the 

learning unit could be a guideline for implementing open-ended inquiry activity of the 

learning unit.   

   A student, as a novice, has incomplete idea and lacks knowledge and 

experience to accomplish open-ended inquiry practices; therefore, he/she has to consult the 

teacher about topic and design of the experiment.  It might be useful to show the student 

reports of research/science project which involves with the topic in the learning unit.  The 

student probably gains some ideas from these reports and applies them in his/her 

experiment.    
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 4.3 Recommendations for Further Study 

  For further study, it is important to continue researching on the fading scaffold 

technique and development of scientific reasoning skills.  Some questions still remain in this 

research area as follows. 

  4.3.1 Fading structure of inquiry practices to be most effective should be 

studied.  Time, contents and task complexity are main factors.  Variation of these factors 

might result in different ways.  In addition, it is necessary to determine indicators as a 

criterion to specify that students can go to a next stage of activity.   

  4.3.2 There should be in-depth research on whether computational skills 

influence scientific reasoning skills because science educators still have different points of 

view. 
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The list of teachers who participated in the research study 

 
1. Field Trial Study 

Ms. Pratuengsook Maneelum 
Khon Kaen University Demonstration School 

2. Confirmatory Study 
Mrs. Sukallaya  Wongyai 
Wattananakorn School 
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TABLE 22 THE RESULTS OF EXAMINING AND VERIFYING THE LEARNING UNIT 
      DRAFTS ACCORDING TO THE EXPERTS4 OPINION 
 

N=3 No. Domain consideration item 
Mean S.D. 

Correspondence 

1 
The goals of the learning unit are corresponding to 
problems and needs of current science education. 

1 0 corresponding 

2 
The key stage is corresponding to the goals of the 
learning unit. 

0.67 0.58 corresponding 

3 
The content is corresponding to the goals of the learning 
unit. 

1 0 corresponding 

4 
The structure of activities following fading scaffold 
technique is corresponding to the goals of the learning 
unit. 

1 0 corresponding 

5 

All components of the lesson plan 1 (content, learning 
activities, instructional materials, learning resources, 
assessment and evaluation) are corresponding to each 
other. 

1 0 corresponding 

6 
All components of the lesson plan 2 are corresponding to 
each other. 

1 0 corresponding 

7 
All components of the lesson plan 3 are corresponding to 
each other. 

0.67 0.58 corresponding 

8 
All components of the lesson plan 4 are corresponding to 
each other. 

1 0 corresponding 

9 
All components of the lesson plan 5 are corresponding to 
each other. 

1 0 corresponding 

10 
All components of the lesson plan 6 are corresponding to 
each other. 

1 0 corresponding 

11 
All components of the lesson plan 7 are corresponding to 
each other. 

1 0 corresponding 
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TABLE 23 THE RESULTS OF ASSESSING AND EVALUATING THE ITEM OBJECTIVE  
      CONGRUENCE (IOC), ITEM DIFFICULTY (p) AND ITEM DISCRIMINATION (r) OF    
      THE SCIENTIFIC REASONING TEST 
 

Item No. IOC p r 
1 1 0.43 0.67 
2 1 0.47 0.87 
3 0.67 0.20 0.33 
4 0.67 0.40 0.67 
5 1 0.28 0.50 
6 1 0.40 0.73 
7 1 0.68 0.50 
8 1 0.78 0.20 

Reliability of the scientific reasoning test is 0.63 
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TABLE 24 THE RESULTS OF ASSESSING AND EVALUATING THE ITEM OBJECTIVE  
      CONGRUENCE (IOC), ITEM DIFFICULTY (p) AND ITEM DISCRIMINATION (r) OF    
      THE LEARNING ACHIEVEMENT TEST 
 

Item No. IOC p r 
1 0.67 0.60 0.33 
2 0.67 0.32 0.33 
3 1 0.60 0.47 
4 1 0.70 0.27 
5 1 0.36 0.47 
6 1 0.68 0.33 
7 0.67 0.55 0.33 
8 0.67 0.26 0.33 
9 1 0.36 0.27 

10 1 0.30 0.27 
11 0.67 0.64 0.40 
12 1 0.40 0.33 
13 0.67 0.34 0.27 
14 1 0.23 0.47 
15 1 0.49 0.47 
16 1 0.49 0.33 
17 1 0.36 0.33 
18 1 0.32 0.33 
19 1 0.79 0.20 
20 1 0.40 0.53 
21 1 0.47 0.27 
22 0.67 0.32 0.33 
23 1 0.51 0.33 
24 0.67 0.30 0.27 
25 1 0.57 0.40 

Reliability of the achievement test is 0.60 
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TABLE 25 SCIENTIFIC REASONING SCORES FROM FIELD TRIAL AND CONFIRMATORY  
      STUDY 
 

Scores from Field Trial Study  Scores from Confirmatory Study 
No. Pre- Post-  No. Pre- Post-  No. Pre- Post-  No. Pre- Post- 

1 9 12  26 - -  1 7 7  26 9 18 
2 9 15  27 7 11  2 8 7  27 7 10 
3 10 12  28 9 17  3 7 11  28 7 16 
4 9 16  29 4 9  4 6 8  29 6 9 
5 15 16  30 8 11  5 7 9  30 10 8 
6 6 14  31 8 13  6 6 8  31 6 15 
7 14 18  32 10 14  7 2 10  32 7 12 
8 - -  33 6 13  8 4 8  33 6 6 
9 6 15  34 14 20  9 6 7  34 7 15 

10 15 16  35 18 21  10 3 11  35 9 7 
11 13 18  36 7 9  11 4 6  36 7 11 
12 6 9  37 6 14  12 5 8  37 6 6 
13 4 10  38 7 14  13 6 15  38 5 7 
14 9 22  39 6 10  14 11 15  39 4 7 
15 12 9  40 1 9  15 1 9  40 7 13 
16 5 7  41 9 18  16 7 10  41 9 13 
17 7 7  42 9 14  17 6 7  42 6 8 
18 3 8  43 6 10  18 6 8  43 1 8 
19 7 10  44 8 9  19 6 6     
20 4 15  45 5 7  20 7 10     
21 8 13  46 12 13  21 8 8     
22 10 13  47 9 15  22 7 13     
23 15 16  48 12 18  23 6 12     
24 15 16  49 11 18  24 6 10     
25 8 12      25 6 5     
Pre-test Mean Score is   8.53  (N=47)  Pre-test Mean Score is   6.21  (N=43) 
Post-test Mean Score is 13.3  (N=47)  Post-test Mean Score is 9.70  (N=43) 

 
 

 
 



 143 

TABLE 26 SCIENTIFIC REASONING AVERAGE PRE-TEST AND POST-TEST SCORES  
      FROM CONFIRMATORY STUDY CLASSIFIED BY TYPE OF REASONING SKILL  
 

Average Scores 
Types of Reasoning Skill Pre-test 

(N=43) 
Post-test 
(N=43) 

% of Increase 

Proportional reasoning (6 scores) 0.28 0.98 11.63 
Controlling variables (6 scores) 0.44 2.07 27.13 
Probabilistic reasoning (6 scores) 0.44 0.70 4.26 
Correlational reasoning (6 scores) 5.05 5.95 15.12 

Total 6.21 9.70 14.53 
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TABLE 27 LEARNING ACHIEVEMENT SCORES FROM FIELD TRIAL AND CONFIRMATORY  
      STUDY 
 

Scores from Field Trial Study  Scores from Confirmatory Study 
No. Pre- Post-  No. Pre- Post-  No. Pre- Post-  No. Pre- Post- 

1 11 12  26 - -  1 10 7  26 4 10 
2 4 7  27 11 14  2 8 8  27 5 10 
3 5 10  28 10 11  3 8 8  28 12 13 
4 9 13  29 4 10  4 5 8  29 6 11 
5 10 15  30 4 7  5 8 8  30 12 13 
6 8 13  31 10 11  6 9 12  31 7 15 
7 7 14  32 11 15  7 6 8  32 6 10 
8 - -  33 12 20  8 10 12  33 7 9 
9 7 13  34 11 13  9 6 5  34 4 7 

10 8 10  35 7 14  10 6 8  35 7 7 
11 10 13  36 10 12  11 7 5  36 8 7 
12 15 15  37 5 9  12 9 11  37 9 9 
13 10 14  38 12 20  13 9 13  38 13 12 
14 10 13  39 2 7  14 8 14  39 4 4 
15 13 14  40 5 5  15 5 7  40 9 11 
16 6 7  41 13 12  16 9 9  41 9 15 
17 9 11  42 8 13  17 10 12  42 7 11 
18 2 5  43 10 11  18 6 6  43 6 7 
19 8 9  44 3 10  19 9 12     
20 5 5  45 6 6  20 5 6     
21 12 13  46 9 11  21 9 10     
22 9 7  47 8 11  22 14 16     
23 10 12  48 9 13  23 10 9     
24 8 12  49 8 10  24 8 17     
25 6 13      25 6 12     
Pre-test Mean Score is     8.30  (N=47)  Pre-test Mean Score is     7.79  (N=43) 
Post-test Mean Score is 11.38  (N=47)  Post-test Mean Score is   9.86  (N=43) 
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TABLE 28 LEARNING ACHIEVEMENT AVERAGE PRE-TEST AND POST-TEST SCORES  
      FROM CONFIRMATORY STUDY CLASSIFIED BY CONTENT  
 

Average Scores 
Content Pre-test 

(N=43) 
Post-test 
(N=43) 

% of Increase 

1. Matter and its properties (5 items) 2.00 2.30 6.05 
2. Solution (8 items) 2.40 2.84 5.52 
3. Separation of matters (5 items) 1.09 1.58 9.77 
4. Acid-base solution (7 items) 2.30 3.14 11.99 

Total 7.79 9.86 8.28 

 
TABLE 29 LEARNING ACHIEVEMENT AVERAGE PRE-TEST AND POST-TEST SCORES  
      FROM CONFIRMATORY STUDY CLASSIFIED BY INTELLECTUAL SKILL 
 

Average Scores 
Intellectual Skill Pre-test 

(N=43) 
Post-test 
(N=43) 

% of Increase 

Knowledge (7 items) 2.30 3.07 10.96 
Comprehension (7 items) 1.45 1.88 6.20 
Science process skills (8 items) 2.44 2.86 5.23 
Application (3 items) 1.60 2.05 14.88 

Total 7.79 9.86 8.28 

 
 
 
 
 
 
 
 
 
 
 



 146 

TABLE 30 ATTITUDE TOWARDS SCIENCE PRE-TEST SCORES FROM FIELD TRIAL  
      STUDY 

 
N = 49 

No. Item of Consideration 
Mean S.D. 

Interpretation 

 Learning science in school (6 items)    
1 ���������	
�������
�
�����������������������
��������� 4.22 .743 high level 

2 ����������������������������������
��������� 3.33 .899 medium level 

3 ��������
��������������
��������� ����
� 3.63 .834 high level 

4 ���������
�����������
����������!
�"��
"���#������� 3.73 1.095 high level 

5 ��������$��������
$��
���������"������%	 3.47 .960 medium level 

6 �
��������������
$��������� �� 3.00 1.242 medium level 

 Self-concept in science (7 items)    
7 ��������!�����
��������������
$������� 3.20 .889 medium level 

8 ���������"�&��	������
$��
��������� 3.16 .921 medium level 

9 ���������	
'�(��	����
$��
��������� 3.14 1.021 medium level 

10 ���������������
��������
����������	
�������	��)� 3.22 .743 medium level 

11 �
��������������
$������������������	
	�����%	�
$�*�+�� 2.94 .852 medium level 

12 ����������
�+�������������
����������"�"����#�$�� 3.47 .616 medium level 
13 ���������,
����%��� ������
$��
��������� 3.04 .763 medium level 

 Practical work in science (8 items)    
14 �
����"-�'�.
���
����
��������������
��������� ����
� 3.63 1.014 high level 

15 
��������$���/��
����"-�'�.
���
����
����������!����"���
���
��"�������
	,+�� 

3.98 1.031 high level 

16 
�
����"-�'�.
���
����
��������������
�����	��!����	
�/����
���"����! ���0 

4.08 .812 high level 

17 
��������$���
����"-�'�.
���
����
����������!�����������
��"��&��	�
���	
�������������/����� 

3.86 .979 high level 

18 
���������
������*
"��
����"-�'�.
���
���
$��
����������*

"��,+�� 

3.94 1.008 high level 

19 
���������������
��������
����������	
	�,+���" ���	
�/��
����"
-�'�.
���
 

3.47 .915 medium level 

20 ����������������������/��
����"-�'�.
���
����
��������� 3.71 1.099 high level 
21 �
����"-�'�.
���
����
��������������
���������� �� 2.80 1.414 medium level 
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TABLE 30 (Continued) 
 

N = 49 
No. Item of Consideration 

Mean S.D. 
Interpretation 

 Science outside of school (6 items)    
22 ���������
������,
����"$%"�%"�
��������� 3.47 1.120 medium level 

23 ��������$��	�������#��������������������
��������� 3.94 .899 high level 
24 ��������$����!
!
1-�23��
��������� 3.94 .899 high level 

25 ���������
������/��
����"����
����������!
�"��
"����&����� 3.90 1.046 high level 

26 ��������$�������
�����*� �*���� ��������������
��������� 3.49 1.063 medium level 

27 ����������
����������
���*"�0 ����
��������������
��������� ����
� 3.92 1.038 high level 

 Future participation in science (5 items)    
28 ���������
�����������
$��
����������*
"��,+�������'� 3.67 1.029 high level 
29 ���������
������������,��
$��
�������������	��"*��
���4�� 3.37 1.055 medium level 

30 ���������
������/�������	
���
��������� 3.24 1.090 medium level 

31 ���������
���������'���
��������� 3.04 1.207 medium level 

32 ���������
�������������
��������� 3.51 1.210 high level 

 Importance of science (5 items)    
33 �
���������(4���'#�#4��"�'��"�/�'�5������'",����� 4.18 .697 high level 

34 
�
���������(4���'#�#4��$����/��*
���	/���$��
�����(4�
��	������"��,+�� 

4.27 .670 high level 

35 
���#�$������	
���'��"�
��*�
����	
���
���������"�"������
64���� 

4.06 .876 high level 

36 �
���������(4���'#�#4��"�����$���,��	'��"�����
 3.80 .763 high level 

37 
"��
��������� ����
�����0 ���	
���
���������(4���'#�#4����
	,+��
"��"�� 

4.31 .822 high level 

Mean of attitude towards science pre-test scores from field trial study is 3.60 
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TABLE 31 ATTITUDE TOWARDS SCIENCE POST-TEST SCORES FROM FIELD TRIAL  
      STUDY 

 
N = 47 

No. Item of Consideration 
Mean S.D. 

Interpretation 

 Learning science in school (6 items)    
1 ���������	
�������
�
�����������������������
��������� 4.57 .542 highest level 

2 ����������������������������������
��������� 4.43 .651 high level 

3 ��������
��������������
��������� ����
� 4.23 .698 high level 

4 ���������
�����������
����������!
�"��
"���#������� 4.04 .833 high level 

5 ��������$��������
$��
���������"������%	 3.96 .751 high level 

6 �
��������������
$��������� �� 4.17 .842 high level 

 Self-concept in science (7 items)    
7 ��������!�����
��������������
$������� 3.30 .931 medium level 

8 ���������"�&��	������
$��
��������� 3.26 .871 medium level 

9 ���������	
'�(��	����
$��
��������� 3.28 .994 medium level 

10 ���������������
��������
����������	
�������	��)� 3.38 .709 medium level 

11 �
��������������
$������������������	
	�����%	�
$�*�+�� 3.11 .866 medium level 

12 ����������
�+�������������
����������"�"����#�$�� 4.04 .859 high level 
13 ���������,
����%��� ������
$��
��������� 3.13 .824 medium level 

 Practical work in science (8 items)    
14 �
����"-�'�.
���
����
��������������
��������� ����
� 4.04 .806 high level 

15 
��������$���/��
����"-�'�.
���
����
����������!����"���
���
��"�������
	,+�� 

4.30 .749 high level 

16 
�
����"-�'�.
���
����
��������������
�����	��!����	
�/����
���"����! ���0 

4.38 .677 high level 

17 
��������$���
����"-�'�.
���
����
����������!�����������
��"��&��	�
���	
�������������/����� 

4.38 .739 high level 

18 
���������
������*
"��
����"-�'�.
���
���
$��
����������*

"��,+�� 

4.38 .739 high level 

19 
���������������
��������
����������	
	�,+���" ���	
�/��
����"
-�'�.
���
 

4.21 .750 high level 

20 ����������������������/��
����"-�'�.
���
����
��������� 4.15 .780 high level 
21 �
����"-�'�.
���
����
��������������
���������� �� 3.94 .895 high level 
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TABLE 31 (Continued) 
 

N = 47 
No. Item of Consideration 

Mean S.D. 
Interpretation 

 Science outside of school (6 items)    
22 ���������
������,
����"$%"�%"�
��������� 4.21 .720 high level 

23 ��������$��	�������#��������������������
��������� 4.51 .655 highest level 
24 ��������$����!
!
1-�23��
��������� 4.34 .788 high level 

25 ���������
������/��
����"����
����������!
�"��
"����&����� 4.36 .792 high level 

26 ��������$�������
�����*� �*���� ��������������
��������� 3.81 .947 high level 

27 ����������
����������
���*"�0 ����
��������������
��������� ����
� 4.38 .644 high level 

 Future participation in science (5 items)    
28 ���������
�����������
$��
����������*
"��,+�������'� 3.94 1.009 high level 
29 ���������
������������,��
$��
�������������	��"*��
���4�� 3.89 .866 high level 

30 ���������
������/�������	
���
��������� 3.85 .884 high level 

31 ���������
���������'���
��������� 3.74 .871 high level 

32 ���������
�������������
��������� 3.98 .897 high level 

 Importance of science (5 items)    
33 �
���������(4���'#�#4��"�'��"�/�'�5������'",����� 4.64 .486 highest level 

34 
�
���������(4���'#�#4��$����/��*
���	/���$��
�����(4�
��	������"��,+�� 

4.57 .580 highest level 

35 
���#�$������	
���'��"�
��*�
����	
���
���������"�"������
64���� 

4.60 .538 highest level 

36 �
���������(4���'#�#4��"�����$���,��	'��"�����
 4.17 .670 high level 

37 
"��
��������� ����
�����0 ���	
���
���������(4���'#�#4����
	,+��
"��"�� 

4.60 .681 highest level 

Mean of attitude towards science post-test scores from field trial study is 4.06 
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TABLE 32 ATTITUDE TOWARDS SCIENCE PRE-TEST SCORES FROM CONFIRMATORY  
      STUDY 

 
N = 43 

No. Item of Consideration 
Mean S.D. 

Interpretation 

 Learning science in school (6 items)    
1 ���������	
�������
�
�����������������������
��������� 4.37 .536 high level 

2 ����������������������������������
��������� 3.72 .630 high level 

3 ��������
��������������
��������� ����
� 4.09 .781 high level 

4 ���������
�����������
����������!
�"��
"���#������� 3.49 .935 medium level 

5 ��������$��������
$��
���������"������%	 3.56 .854 high level 

6 �
��������������
$��������� �� 3.84 .998 high level 

 Self-concept in science (7 items)    
7 ��������!�����
��������������
$������� 2.70 .832 medium level 

8 ���������"�&��	������
$��
��������� 2.88 .879 medium level 

9 ���������	
'�(��	����
$��
��������� 3.16 .652 medium level 

10 ���������������
��������
����������	
�������	��)� 3.14 .804 medium level 

11 �
��������������
$������������������	
	�����%	�
$�*�+�� 3.14 .941 medium level 

12 ����������
�+�������������
����������"�"����#�$�� 4.12 1.074 high level 
13 ���������,
����%��� ������
$��
��������� 3.07 .669 medium level 

 Practical work in science (8 items)    
14 �
����"-�'�.
���
����
��������������
��������� ����
� 4.16 .652 high level 

15 
��������$���/��
����"-�'�.
���
����
����������!����"���
���
��"�������
	,+�� 

4.07 .828 high level 

16 
�
����"-�'�.
���
����
��������������
�����	��!����	
�/����
���"����! ���0 

4.35 .650 high level 

17 
��������$���
����"-�'�.
���
����
����������!�����������
��"��&��	�
���	
�������������/����� 

3.72 .854 high level 

18 
���������
������*
"��
����"-�'�.
���
���
$��
����������*

"��,+�� 

3.93 .828 high level 

19 
���������������
��������
����������	
	�,+���" ���	
�/��
����"
-�'�.
���
 

3.98 .740 high level 

20 ����������������������/��
����"-�'�.
���
����
��������� 3.86 .743 high level 
21 �
����"-�'�.
���
����
��������������
���������� �� 4.05 .872 high level 
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TABLE 32 (Continued) 
 

N = 43 
No. Item of Consideration 

Mean S.D. 
Interpretation 

 Science outside of school (6 items)    
22 ���������
������,
����"$%"�%"�
��������� 3.07 .799 medium level 

23 ��������$��	�������#��������������������
��������� 3.77 .812 high level 
24 ��������$����!
!
1-�23��
��������� 3.81 .932 high level 

25 ���������
������/��
����"����
����������!
�"��
"����&����� 3.95 .722 high level 

26 ��������$�������
�����*� �*���� ��������������
��������� 3.35 .842 medium level 

27 ����������
����������
���*"�0 ����
��������������
��������� ����
� 4.00 .926 high level 

 Future participation in science (5 items)    
28 ���������
�����������
$��
����������*
"��,+�������'� 3.79 .773 high level 
29 ���������
������������,��
$��
�������������	��"*��
���4�� 3.21 .833 medium level 

30 ���������
������/�������	
���
��������� 3.02 .771 medium level 

31 ���������
���������'���
��������� 2.70 .773 medium level 

32 ���������
�������������
��������� 2.81 .932 medium level 

 Importance of science (5 items)    
33 �
���������(4���'#�#4��"�'��"�/�'�5������'",����� 4.49 .592 high level 

34 
�
���������(4���'#�#4��$����/��*
���	/���$��
�����(4�
��	������"��,+�� 

4.35 .783 high level 

35 
���#�$������	
���'��"�
��*�
����	
���
���������"�"������
64���� 

3.91 .868 high level 

36 �
���������(4���'#�#4��"�����$���,��	'��"�����
 3.51 .827 high level 

37 
"��
��������� ����
�����0 ���	
���
���������(4���'#�#4����
	,+��
"��"�� 

4.33 .747 high level 

Mean of attitude towards science pre-test scores from confirmatory study is 3.66 
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TABLE 33 ATTITUDE TOWARDS SCIENCE POST-TEST SCORES FROM CONFIRMATORY  
      STUDY 

 
N = 43 

No. Item of Consideration 
Mean S.D. 

Interpretation 

 Learning science in school (6 items)    
1 ���������	
�������
�
�����������������������
��������� 4.65 .650 highest level 

2 ����������������������������������
��������� 3.95 .653 high level 

3 ��������
��������������
��������� ����
� 4.42 .626 high level 

4 ���������
�����������
����������!
�"��
"���#������� 3.86 .743 high level 

5 ��������$��������
$��
���������"������%	 3.86 .915 high level 

6 �
��������������
$��������� �� 4.30 .860 high level 

 Self-concept in science (7 items)    
7 ��������!�����
��������������
$������� 3.60 .791 high level 

8 ���������"�&��	������
$��
��������� 3.40 .791 medium level 

9 ���������	
'�(��	����
$��
��������� 3.37 .691 medium level 

10 ���������������
��������
����������	
�������	��)� 3.49 .768 medium level 

11 �
��������������
$������������������	
	�����%	�
$�*�+�� 3.49 .935 medium level 

12 ����������
�+�������������
����������"�"����#�$�� 4.37 .725 high level 
13 ���������,
����%��� ������
$��
��������� 3.28 .734 medium level 

 Practical work in science (8 items)    
14 �
����"-�'�.
���
����
��������������
��������� ����
� 4.33 .778 high level 

15 
��������$���/��
����"-�'�.
���
����
����������!����"���
���
��"�������
	,+�� 

4.30 .887 high level 

16 
�
����"-�'�.
���
����
��������������
�����	��!����	
�/����
���"����! ���0 

4.58 .626 highest level 

17 
��������$���
����"-�'�.
���
����
����������!�����������
��"��&��	�
���	
�������������/����� 

3.88 .697 high level 

18 
���������
������*
"��
����"-�'�.
���
���
$��
����������*

"��,+�� 

4.07 .884 high level 

19 
���������������
��������
����������	
	�,+���" ���	
�/��
����"
-�'�.
���
 

4.05 .815 high level 

20 ����������������������/��
����"-�'�.
���
����
��������� 3.79 .638 high level 
21 �
����"-�'�.
���
����
��������������
���������� �� 4.19 .699 high level 



 153 

TABLE 33 (Continued) 
 

N = 43 
No. Item of Consideration 

Mean S.D. 
Interpretation 

 Science outside of school (6 items)    
22 ���������
������,
����"$%"�%"�
��������� 3.47 .909 medium level 

23 ��������$��	�������#��������������������
��������� 3.93 .910 high level 
24 ��������$����!
!
1-�23��
��������� 4.14 .804 high level 

25 ���������
������/��
����"����
����������!
�"��
"����&����� 4.07 .985 high level 

26 ��������$�������
�����*� �*���� ��������������
��������� 3.44 .881 medium level 

27 ����������
����������
���*"�0 ����
��������������
��������� ����
� 4.37 .655 high level 

 Future participation in science (5 items)    
28 ���������
�����������
$��
����������*
"��,+�������'� 3.70 .964 high level 
29 ���������
������������,��
$��
�������������	��"*��
���4�� 3.72 .984 high level 

30 ���������
������/�������	
���
��������� 3.60 1.027 high level 

31 ���������
���������'���
��������� 3.37 .846 medium level 

32 ���������
�������������
��������� 3.44 .934 medium level 

 Importance of science (5 items)    
33 �
���������(4���'#�#4��"�'��"�/�'�5������'",����� 4.19 .932 high level 

34 
�
���������(4���'#�#4��$����/��*
���	/���$��
�����(4�
��	������"��,+�� 

4.47 .735 high level 

35 
���#�$������	
���'��"�
��*�
����	
���
���������"�"������
64���� 

3.93 .936 high level 

36 �
���������(4���'#�#4��"�����$���,��	'��"�����
 3.86 .743 high level 

37 
"��
��������� ����
�����0 ���	
���
���������(4���'#�#4����
	,+��
"��"�� 

4.33 .778 high level 

Mean of attitude towards science post-test scores from confirmatory study is 3.93 
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TABLE 34 ATTITUDE TOWARDS SCIENCE AVERAGE PRE-TEST AND POST-TEST  
      SCORES FROM CONFIRMATORY STUDY  
 

Average Scores 
Attitude Category Pre-test 

(N=43) 
Post-test 
(N=43) 

% of Increase 

Learning science in school (5 scores) 3.84 4.17 6.60 
Self-concept in science (5 scores) 3.17 3.57 8.00 
Practical work in science (5 scores) 4.02 4.15 2.60 
Science outside of school (5 scores) 3.66 3.90 4.80 
Future participation in science (5 scores) 3.11 3.57 9.20 
Importance of science (5 scores) 4.12 4.16 0.80 

Total 3.66 3.93 5.40 
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4. 
���������������)���	� fading scaffold technique ���������� ����!�
������������	
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7. �	'��������  �����������!��������	���  �'*�/�,���-.�������������	���  � ����
�!�/ � �������	/ ����/	����!��������	���0�* 3 ���������� ����!	��'�(�
 

    �%)�.�%
                   1���
��&����%)�.�%
               1���%)�.�%
 
 

�����	)��9
�.�/�%��
%�
� 
A........................................................................................................................................... 
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
............................................................................................................................................... 

 
8. �	'��������  �����������!��������	���  �'*�/�,���-.�������������	���  � ����

�!�/ � �������	/ ����/	����!��������	���0�* 4 ���������� ����!	��'�(�
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10. �	'��������  �����������!��������	���  �'*�/�,���-.�������������	���  � ����
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���������	���0�����!�0!�3����4����),/ 0����0��5��)�. 
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�	(��+�����  &�)���
�����'���#/%
��������	

���,$"%���&�%������(�"����
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���������	���0�����!�0!�3����4����),/ 0����0��5��)�. 
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1. ���+:�-����.�.��/%
�� ��%�����)���	��� ��%����.
�
���('�.�.��(�"%����
�����%��
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5. ���+:�-�������)
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=>?@A>BCDCE=FGHIJJKLMNJOPLKP>QE>BCRST=SUVWXKBYOGKZB[BMUCA 
 

\TNK] ̂ _EIHH =>?@A>BCDCE=FGH UPONZ`BY_aBUNJ 
CDEFGHFI 1 UNJ  >. 1 IXE 2  

2 JKGCLMNJLOIPHKQRSLHTJRDOHKQRSLUQIUPV
WFXGYLZ[G\Y] T̂FN_YX`aGHTFX (`aGbKcX 2 
FN_YX) 

CJEdFXeYGIMGCGFLfbMd 1 RDO 2 ghTHKQbiYDODYN
hJj^C M̂NQGKJ bMdFPklmaVjRHGH_YXGKJ e[X
ClVYOnVbMdeOJiYVYCSLMNICbMNIGKJ 

1 JKGCLMNJLOIPHKQRSLHTJlLjFHKQRSLUQIUPV
WFXGYLZ[G\Y] T̂FN_YX`aGHTFX (FN_YXg^FN_YX
lJ[dX) 

CoLYOIMGCGFLfbMd 1 RDO 2 ghTJciYGDKdJ
ClVEFJGKJ 

1 

CHjVUiY 

0 JKGCLMNJglTClHPpDbMd]V_CGMdNQWTFXGKIGYL
ojeYLkYHKQRSLWFXGYLZ[G\Y lLEF]V_
FqjIYNClHPpD 
 

CoLYOJciYGDKdJgn nKXCGHX_YN 

CDEFGHFI 1 UNJ  _. 2.60%  
2 JKGCLMNJghTQjqMGYLlYU_YCrDMdNeYGpD

GYLZ[G\Yb^DFXbKcXlV^bMdglTVY 
JiYpDGYLQjCULYOlfbKcXnYVULKcXVYlYU_YCrDMdN
] T̂FN_YX`aGHTFX 

1 - - 

2 

CHjVUiY 0 JKGCLMNJglTClHPpDbMd]V_CGMdNQWTFXGKIGYLlY
U_YCrDMdNWFXGYLZ[G\Yb^DFXbKcXlV^bMdglTVY 
lLEF]V_FqjIYNClHPpD 
 

CoLYOCSsJU_YGDYXt 

CDEFGHFI 1 UNJ  _. 12  
2 JKGCLMNJLOIPnK^n_QJWFX ĵJbMdCSsJGL^H_F ĵJbMd

CSsJCInILjCQklJTYITYJ] T̂FN_YX`aGHTFX RDO
SLONPGHfnK^n_QJ K̂XGD_YQCoEdFlYUiYHFI] T̂
FN_YX`aGHTFX 

CJEdFXeYGnK^n_QJ ĵJbMdCSsJGL^H_F ĵJbMdCSsJ
CInILjCQklJTYITYJCSsJ 3:1  K̂XJKcJ ĵJ
ILjCQklDKXITYJVM 16 IMGCGFLf e[XVMnK^n_QJ

ĵJbMdCSsJGL^H_F ĵJbMdCSsJCInCb_YGKI 12:4 
1 JKGCLMNJSLONPGHfnK^n_QJWFX ĵJbMdCSsJGL^H_F

ĵJbMdCSsJCInILjCQklJTYITYJCoEdFlYUiYHFI
] T̂FN_YX`aGHTFX RH_]V_LOIPnK^n_QJ K̂XGD_YQ]QT
FN_YXhK^CeJ 

CbMNIeYGnK^n_QJ ĵJbMdCSsJGL^H_F ĵJbMdCSsJ
CInILjCQklJTYITYJ 

3 

CHjVUiY 

0 JKGCLMNJglTClHPpDbMd]V_CGMdNQWTFXGKIGYL
ojeYLkYnK^n_QJWFX ĵJbMdCSsJGL^H_F ĵJbMd
CSsJCInILjCQklJTYITYJCoEdFlYUiYHFI 
lLEF]V_FqjIYNClHPpD 
 

ĵJbMdCSsJGL^VMeiYJQJVYGGQ_Y 
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=>?@A>BCDCE=FGHIJJKLMNJOPLKP>QE>BCRST=SUVWXKBYOGKZB[BMUCA (U`N) 
 

\TNK] ̂ _EIHH =>?@A>BCDCE=FGH UPONZ`BY_aBUNJ 
4 CDEFGHFI 1 UNJ  \. 3  

2 JKGCLMNJLOIPnK^n_QJWFX ĵJbMdCSsJGL^H_F ĵJbMd
CSsJCInILjCQklDKXITYJ] T̂FN_YX`aGHTFX RDO
SLONPGHfnK^n_QJ K̂XGD_YQCoEdFlYUiYHFI] T̂
FN_YX`aGHTFX  

CJEdFXeYGnK^n_QJ ĵJbMdCSsJGL^H_F ĵJbMdCSsJ
CInILjCQklDKXITYJCSsJ 1:7  K̂XJKcJ`TYVM ĵJ 
24 IMGCGFLf e[XVMnK^n_QJ ĵJbMdCSsJGL^H_F ĵJ
bMdCSsJCInCb_YGKI 3:21 

1 JKGCLMNJSLONPGHfnK^n_QJWFX ĵJbMdCSsJGL^H_F
ĵJbMdCSsJCInILjCQklDKXITYJCoEdFlYUiYHFI

] T̂FN_YX`aGHTFX RH_]V_LOIPnK^n_QJ K̂XGD_YQ]QT
FN_YXhK^CeJ 

CbMNIeYGnK^n_QJ ĵJbMdCSsJGL^H_F ĵJbMdCSsJ
CInILjCQklDKXITYJ 

 CHjVUiY 

0 JKGCLMNJglTClHPpDbMd]V_CGMdNQWTFXGKIGYL
ojeYLkYnK^n_QJWFX ĵJbMdCSsJGL^H_F ĵJbMd
CSsJCInILjCQklDKXITYJCoEdFlYUiYHFI 
lLEF]V_FqjIYNClHPpD 
 

ĵJbMdCSsJGL^VMeiYJQJJTFNVYG 

CDEFGHFI 1 UNJ  >. 1 IXE 2  
2 JKGCLMNJnYVYL`LOIPHKQRSLHTJRDOHKQRSL

UQIUPVWFXGYLZ[G\Y] T̂FN_YX`aGHTFX (`aGbKcX 
2 FN_YX) 

CJEdFXeYGIMGCGFLfbMd 1 RDO 2 ghTXY îY
ClVEFJGKJ RDOghTHKQbiYDODYNUJDOhJj^ e[X
ClVYOnVbMdeOJiYVYCSLMNICbMNIGKJ 

1 JKGCLMNJnYVYL`LOIPHKQRSLHTJlLjFHKQRSL
UQIUPVWFXGYLZ[G\Y] T̂FN_YX`aGHTFX (FN_YX
g^FN_YXlJ[dX) 

CoLYOIMGCGFLfbMd 1 RDO 2 ghTXY îYClVEFJGKJ 

5 

CHjVUiY 

0 JKGCLMNJLOIPClHPpDbMd]V_CGMdNQWTFXGKIGYL
ojeYLkYHKQRSLWFXGYLZ[G\Y lLEF]V_HFI
UiY`YV 
 

CoLYOXY îYVMJciYVKJVYGGQ_YXYWYQ 

CDEFGHFI 1 UNJ  \. _HK] ̂2  
2 JKGCLMNJGD_YQ`[XGYLb^DFXvciYCoEdFD^UQYV

UDY^CUDEdFJWFXGYLZ[G\Yb^DFXRDOlY
U_YCrDMdNpDGYLZ[G\YbKcXlV^CoEdFHFIUiY`YV 

CoLYOQjCULYOlflDYNULKcX  RDOJiYpDGYL
QjCULYOlfVYlYU_YrDMdN] T̂FN_YX`aGHTFX 

1 JKGCLMNJGD_YQ`[XGYLb^DFXvciYCoEdFD^UQYV
UDY^CUDEdFJWFXGYLZ[G\Yb^DFX RH_]V_lY
U_YCrDMdNpDGYLZ[G\YbKcXlV^CoEdFHFIUiY`YV 

CoLYOQjCULYOlflDYNULKcX e[XJ_YChEdF`EF  

6 

CHjVUiY 
0 JKGCLMNJglTClHPpDbMd]V_CGMdNQWTFXGKIGYL

b^DFXvciYCoEdFD^UQYVUDY^CUDEdFJWFX
GYLZ[G\Yb^DFXRDOGYLlYU_YCrDMdNpD
GYLZ[G\YbKcXlV^ lLEF]V_FqjIYNClHPpD 
 

CoLYOghTU_YGDYXVYnLPSpDGYLQjCULYOlf 



172 

=>?@A>BCDCE=FGHIJJKLMNJOPLKP>QE>BCRST=SUVWXKBYOGKZB[BMUCA (U`N) 
 

\TNK] ̂ _EIHH =>?@A>BCDCE=FGH UPONZ`BY_aBUNJ 
CDEFGHFI 1 UNJ  DVbZcHGL B  

2 JKGCLMNJLOIP`[XSweeKNlDKGbMdHTFXGYLojeYLkY
RDOCSLMNICbMNIpDGYLZ[G\Yb^DFXx^NghT
SweeKN K̂XGD_YQ 

CVEdFojeYLkY`[XGYLCeLjyCHjIxH RSDXbMdghT
SPzNhJj^ B VMHTJbMdCeLjyCHjIxH] T̂ M̂VYGGQ_Y  
n_QJDiYHTJDMI ]V_VMgIVMJTFNVYG 

1 JKGCLMNJLOIP`[XSweeKNlDKGbMdHTFXGYLojeYLkY 
RH_]V_Rn^XGYLCSLMNICbMNIpDGYLZ[G\Y
b^DFX]QTFN_YXhK^CeJ 

âeYGGYLCeLjyCHjIxH M̂ 

7 

CHjVUiY 
0 JKGCLMNJglTClHPpDbMd]V_CGMdNQWTFXGKISweeKN

lDKGbMdHTFXGYLojeYLkYRDOGYLCSLMNI CbMNI
pDGYLZ[G\Yb^DFXx^NghTSweeKN K̂XGD_YQ 
lLEF]V_FqjIYNClHPpD 
 

eiYJQJoEhbMdW[cJVYGGQ_Y 

CDEFGHFI 1 UNJ  >CLN`NH  
2 JKGCLMNJLOIP`[XSweeKNlDKGbMdHTFXGYLojeYLkY

RDOCSLMNICbMNIpDGYLZ[G\Yb^DFXx^NghT
SweeKN K̂XGD_YQ 

CVEdFojeYLkY`[XGYLCeLjyCHjIxH JciYbMdVMnmYo
CSsJGL^F_FJVMSDYbMdCeLjyCHjIxH M̂VYGGQ_Y  
n_QJSDYbMdRULORGLJVMCoMNXlJ[dXHKQCb_YJKcJ 

1 JKGCLMNJLOIP`[XSweeKNlDKGbMdHTFXGYLojeYLkY 
RH_]V_Rn^XGYLCSLMNICbMNIpDGYLZ[G\Y
b^DFX]QTFN_YXhK^CeJ 

âeYGGYLCeLjyCHjIxH 

8 

CHjVUiY 
0 JKGCLMNJglTClHPpDbMd]V_CGMdNQWTFXGKISweeKN

lDKGbMdHTFXGYLojeYLkYRDOGYLCSLMNI CbMNI
pDGYLZ[G\Yb^DFXx^NghTSweeKN K̂XGD_YQ 
lLEF]V_FqjIYNClHPpD 
 

eiYJQJSDYbKcXlV^VYGGQ_Y 
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)������������.�,�������.�������	��������!������������0�����!�/ �!�60:�;0���������	 ()
�) 
 

�,�������.����������	��� 
�������-
����&'� 

����
�/���& 

(��-� 
���. 

���

'�1��!� 

��������� (6 ���) 
13. %*	����.������������)������ .:�  ������))������('�
.�.��  ����.�"
)���1%
�'�  ����.�"
  �.�������(���UV���
)�-1)� 

 
/ (14) 

 
 

  

14. �����%���
���
'��.�����������1��!��
!��	����&'���
1)� // 
(15,16) 

   

15. ().%
�.����������!��.������������)������ .:�  ���
���))������('�.�.��  ����.�"
)���1%
�'�  ����.�"
  �.����
���(���UV���)�-1)� 

 
// 

(17,18) 
  

��� � �����-��� (9 ���) 
16. ���&�%��.�%*	��������	/%
���.�.����)-���1)� 

 
/ (19) 

 
 

/ (20) 
 

17. ���&�%������ pH /%
���.�.����)-����)��!�%	
)	��
��%��1)� 

  / (21)  

18. %*	����������,�
*�������
��� pH ��������	������4
��)-
���/%
���.�.��1)� 

  / (22)  

19. %*	�����������/%
�'����  ��
	��%��Q�.%	
)	����%��  �.� 
pH �	��%��1)� 

/ (23)    

20. �'���&���&�%� �.�%*	��������	/%
���.�.����)-����

!��	����&'���
1)� 

 / (24)   

21. �����%���
�B	�	�	��/%
���.�.����)-�����������
!
	)(�"
,���9
1)��
!��	����&'���
 

   / (25) 

���0!�����	  25 ��� 7 ��� 7 ��� 8 ��� 3 ��� 
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���0�����!�/ �!�60:�;0���������	 
�	
���������	�����'*�� ����4	����)�������!	 
�����!�	!�����	���!��
���!�	0�* 3 (�.1 ; �.3) 

 
************************************************************************************************** 

 
 
��������� 
 

1. ���()�%�����
����&'�
�
(��
��)  25 /�%  �����.�('�  30 
�(� 
2. /�%�%�(��
��)��4
�����
��!
	)�.$%��%�(�"������.$%�  4 ���  �.  /.  �.  �.�  
.  

���
������
,	&��7��'��%�0�*A��)���0�*�,��,��
�'��%��)���  �.��('����$"%
����
�����( ( X ) .
�
���)�-�'��%� )�
���%���
 

 
/�% � / � 
 
0   X  

 
      �����%
�����.�"�
�'��%����/�)���$"%
����  =  (���'��%��)	� )�
���%���
 

   
 

 
 

3. ����/�)�/��
��$%('����$"%
�����)0 .
�
���()�%�����
����4
%�
/�)  ���
��%
���()�./���('��
���)�-()(�"�&���� 

4. ���
������
��
�$
���()�%��.����)�-�'��%���������������%�(�
(���$"%��)
��.� 

5. ����/��
!$"%-
�����.  !��
  �./(�" .
�
���)�-�'��%�����������%� 
 

/�% � / � 
 
0 X  X  
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1. ����
��)
�����	/%
���  A  �.�  B  ��4
)�

��      
 

��� �,�� ���� � (°C) �,���'�� (°C) 
�����	��	
	 

(g/cm3) 
��� � ��	��� 

A 12 68 1.2 1��.�.�� 
B 20 160.5 1.1 .�.�� 
 

&��/�%��. �	*�����)��)���.���)��9��
������&�%������4
��� A ��$%��� B 
�.   ���&�%�&�)�.%���.�  /.   ���&�%�&�)�)$%) 
�.   ���&�%������
��
�
  
.   ���&�%����.�.��
�'� 
 

2. ���  A  ��.��-7���4
/%
��.���  1������  1�����.	"
  /�%�����)��%1�
����4
1�(�
1)����"��������  A 
�.   ���  A ��4
����
$�% ��  /.   ���  A ��4
���.�.�� 
�.   ���  A ����%�)�������,��
!
	)�)��� 
.   ���  A ����%�)��������������
:"
!
	) 
 

3. �	*�����)��%1�
���!����&�%������4
�%..%�)�/%
���1)�%���
�����%
  
�.   ��������
    /.   ��
���.��-7��
$�%��� 
�.   ���&�%�������4
��)-���  
.   ��%
)������)�-��%
�.����)�-�Q.�.�U
 

 

4. ����
��)
 .�����%
���  A  B  �.�  C  ��4
)�

��   
 

 / ����!���) 
       ��� 

��'*��������������3���� ��'*��������������3�H 
 �I	 

A  ��
 1�� ��
 
B  ��
  ��
 
C 1�� ��
 1�� ��
 

 

&��/�%��.  /
�)%
�2��/%
���  A  B  �.�  C  ����
&���.9�1�����#���.'�)����4
%���
1�   

�.   A  <  C  <  B   /.   B  <  A  <  C 

�.   A  <  B  <  C   
.   C  <  A  <  B 
 

5. /�%�����)��%1�
����4
&�	
  
�. ��,��
/%
���)�-��%
��/
�)�.9��������)�-�Q.�.�U
 
/. /%
��.�(�"������ ��
��
�Q.�.�U
1)�&�)��4
���.�.���(��
��
 
�. ����/�
.%�  �%..%�)�  �.����.�.�� (��!
	)�����
���4
/%
��.� 

. %	��.!�
��4
�%..%�)�(�"��	)&��/%
��.� 2 !
	) ����4
�
$�%�)�����
���1������   
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6. ����
��)
 .��� �����  A  B  C  �.�  D  ���
�'��.�"
��4
)�

��   
 

��� / ����!���) 
A  +  
�'��.�"
 1)�/%
��.���  ��U5�  ��4
�
$�%�)��� 
B  +  
�'��.�"
 1)�/%
��.���  1������  ��4
�
$�%�)��� 
C  +  
�'��.�"
 1)�/%
��.���  ���)
  �����%
 
D  +  
�'��.�"
 1)�/%
��.���������4
�%
!��
 

 

&��/�%��.  ����)1��.�.���

�'��.�"
  
�.   A      /.   B 
�.   C     
.   D 

 

7. /�%����(�"�.����:
���.�.��/�%�����)(�
��4
&�	
   
�. &���%
��(��
���('�.�.�� �.����.�.�����% 
/. ���.�.��%�&����%�)��������������%
!
	)1)� 
�. %�������
/%
���.�.�� �.����('�.�.��������
(�"���% 

. ��4
����
$�%�)���(�"������.�.�� �.����('�.�.��%%�&����
1)� 
 

8. ���!�)�)��%1�
��&�)��4
���.�.��(��!
	)  
�.   ��.$%��
  (	
�&%��1%�%)�
  ��T���
��� /.   �����#��(  
�'�%�).�  %���+ 
�.   &�
��  
�'��!$"%�  ��T�%%�Q	�&
  
.   (%
��.$%
  
�'�������!�  ��T�1P�)��&
 
 

9. ����
��)
�2�,���.�.��1)�/%
����

�'�(�"%�7�2��	  25 %
+��Q.�Q��� 
 

�	�������� �����-��� (g) �����-	��� (cm3) 
A 10 200 
B 6 600 
C 10 500 
D 5 250 

 

&��/�%��.  ����)�������������
���.�.��1)���
(�"��) 
�.   A     /.   B 
�.   C     
.   D 
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10. 
'����.�.��  A  �/��/�
  2.4 g/100 cm3 ��  50 cm3  �.����	�
�'�&
1)����.�.��
��	����  150 cm3  ���.�.��(�"1)��������/��/�
��%�.��)���./��	������4
�(���)   

�.   0.24    /.   2.40   
�.   0.80    
.   8.00   

 

11. ���
�'�Q��������9���	
1� &��!��	*����1/�)(�"��)���.�
���(�"��)  
�.   ���
1U��%���
�'������   /.   ��	�
�'��,	"�.
1� 
�.   �W)R����%1�����
�'������  
.   ��	�
�'���.�,	"�.
1� 

 

12. ���.�.���Q�)����.%1�)��/��/�
 1% �)���./��	����������1)�%���
1� 
�. .�.���Q�)����.%1�)�  1 g �

�'�  99 cm3 
/. .�.���Q�)����.%1�)�  1 g �

�'�  99 g 
�. .�.���Q�)����.%1�)�  1 cm3 �

�'�  99 cm3 

. .�.���Q�)����.%1�)�  1 g �

�'�&
����	�������  100 cm3 
 

13. ���
'����.�.����.$%��
�/��/�
��%�.� 15 �)���./��	������ 1 ���
  �.���&$%&�
���1)�
���.�.�� 1,000 ���
  ���.�.��(�"1)��������/��/�
��%�.��)���./��	������4
�(���)   

�.   1.5    /.   0.15 
�.   0.015    
.   0.0015 

 

14. /�%�����)(�
4�
�����	/%
���('�.�.��(�"�������  
�.   ��%
1��.�.���
������(�"���)  /.   ��%
1����4
,	- ��
��� ������� 
�.   ��%
1��('��B	�	�	��������(�"���)  
.   ��%
���%%�&�����(�"���)1)�
��� 

 
15. �	*�����)(�"
	���!����)���%	
(����%%�&�����
���
0 /%
,$!  

�.   ����.�"
    /.   ����� .:� 
�.   ������))������('�.�.��  
.   ������(���UV���)�- 

 

16. �	*�����)(�"�!����&�%�%
������%�/%
��� ��(�"����	��7
�%����1)�)�(�"��)  
�.   ����� .:�    /.   ����.�"
)���1%
�'� 
�.   ������))������('�.�.��  
.   ������(���UV���)�- 
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17. ���().%
������!
	)�
:"
�)��	*�������(���UV���)�-1)� .������  /�%�����)��4
&�	
  
 

�.   ���  A  �.�  D  ��4
���!
	)�)�����
 
/.   .'�)��������)�)Q��/%
���  D > C > B > A 
�.   ���(�"
'����������� ����
%���

�%�  4 !
	) 

.   .'�)�������������
���.�.��/%
���  A > B  

 
 

�,����*�)�	 
 

18. ���  A  ��4
/%
��.����)
  ��$"%
'����.�"
&��)$%)(�"  89°C  &�1)�/%
��.�1������  ���.	"

��
  �.���/%
�/9
���)
%����
/�)�.�"
  &��/�%��.)�
�.���&��������"��������  A  1)�
%���
1� 

�. ���  A  ��4
���.�.��/%
/%
�/9
���)
�

�'� 
/. ���  A  ��4
���.�.��/%
/%
��.����)
�

�'� 
�. ���  A  ��4
���.�.��/%
/%
�/9
���)
�
/%
��.�(�"1���!�
�'� 

. ���  A  ��4
���.�.��/%
/%
��.����)
�
/%
��.�(�"1���!�
�'� 

 

19. �����	/%
���.�.�������4
%���
1� 
�. �����������   
/. ����R�)  .$"
�$%�.�������   
�. ('��B	�	�	������	
��
 1)���T������%
1)%%�1Q)� 

. ��.�"�
�����)�-.	����&����
�'��
	
��4
���)
 
 

20. ���()�%�/%
��.�!
	)�
:"
)������)�-.	����  ,�������)�-.	����(��
���)
�.���
�'��
	

1����.�"�
��  ��$"%
'��������.
�
/%
��.�
��  &��������.�"�
��.
%���
1� 

�.   1����9
�����.�"�
��.
  /.   ��	)U%
��T�1P�)��&
 
�.   ��	)���%
�.%1�)�/%
����  
.   ��	)U%
��T������%
1)%%�1Q)� 

  
 
 
 
 
 
 
 
 
 
 

   • D 

   • C 
 

   

•
B 

    • A 
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&
�!�/�%��.�
����
�,$"%�%��'����/�%(�" 21-22 
����
��)
!��
 pH /%
����.�"�
��/%
%	
)	����%�� ��4
)�

�� 
 

��	�����)��. �
�� pH �������� �*�	�� ��0�*�� �*�	 
��(	.��) 
��%�1(�%.�.� 
UV
%.��) 

4.2 - 6.3 
6.0 - 7.6 
6.8 ~ 8.4 

�)
 - ��.$%
 
��.$%
 - 
�'��
	
 
��.$%
 - �)
 

 

21. ����!���(	.��)()�%����.�.��!
	)�
:"
 ,����1)����.�.������.$%
  �.�����()�%�)���  
      UV
%.��)  ,����1)����.�.������.$%
�!�
��
  ���.�.��
��
��&������ pH �����7�(���)  

�.   5.5    /.   6.5 
�.   7.5    
.   8.5 
 

22. ����!���%�1(�%.�.�()�%����.�.���� 1������!
	)�
:"
  ,�������.�.����.�"�
��4
��
��.$%
  /�%�����)��4
&�	
   

�.   ���.�.���������	��4
������  /.   ���.�.���������	��4
�.�
 
�.   ���.�.���������	��4
���  
.   ���.�.���������	��4
��)   

 

23. �	*�����)�!����&�%������  pH  1)������%
�.����
�'�(�"��)  
�.   �!�  pH  �	��%��   /.   �!���
	��%��Q�.%	
)	����%�� 
�.   �!����)�-.	����   
.   �!�
�'����
&��,$!��
!
	) 

 

24. ��$"% �����  A  �.����  B  �/��)�����
 &���U%
��T���	)/:�
  ��T�
��('����
�'���
��/��
  
���  A  �.����  B  
��&���4
�������)��%1�
��  

�.   
�'�/������  �.�����   /.   
�'��.�"
  �.���.$%�1/� 
�.   
�'���
��  �.���.$%�1/�  
.   
�'�������!�  �.����� 

 

25. �,��������)&:
1����������
��.
1��
����	
/7��'�
�'�,�	���$%����'� 
�. �,���&�('����
�'���
������R�) 
/. �,���&�('����%������)�
����9��	"
/:�
 
�. �,���&�('����%��������)9
%%���&�����1)�
��� 

. �,�����
��&���)���%
����	
 �/��1��
���%���� 
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�J ����0�����!�/ �!�60:�;0���������	 
�	
���������	�����'*�� ����4	����)�������!	 

 
\TNK] ̂ _aBUNJ  \TNK] ̂ _aBUNJ 
1. Y  14. > 
2. >  15. _ 
3. Y  16. Y 
4. \  17. _ 
5. Y  18. _ 
6. Y  19. \ 
7. _  20. > 
8. \  21. \ 
9. >  22. Y 
10. _  23. > 
11. \  24. _ 
12. Y  25. Y 
13. _    
     

 
 
 
 
 
 
 
 
 
 
 
 
 
 



182 

����!���)�)�)
�������0��5��)�. 
 

��������� 
 ����%��������
�������������
���,$"%��)�&���	/%

������
��%�	!��	(��+�����  ���

������
%��
/�%������%1�
���.���/��
���$"%
����  ⁄  .
�
!�%
(�"��
���������9
 ��������:� 
/%

������
  �)�����)����������	
)�

�� 
 
  5 �����:
 ��9
)�����4
%���
�	"
 
  4 �����:
 ��9
)��� 
  3 �����:
 ���0 
  2 �����:
 1����9
)��� 
  1 �����:
 1����9
)�����4
%���
�	"
 
 
 /%���
������
�%�����%����
�����������
�.���
���������4
&�	
 
 

���!����������2	 
��� ������ 

5 4 3 2 1 
1 
������
1)�����
����	"
(�"
���
�&&���(����
�	(��+�����      
2 
������
���
�&�%(�"&�����
�(����
�	(��+�����      
3 �(����
�	(��+�������4
�	"
(�"
���$"
���
      
4 
������
��%
�������
�	(��+������,	"���	�(�"��
����
      
5 
������
!%�����
�	!��	(��+��������(�"��)      
6 �	(��+�������4
�	!�(�"
����$"%      
7 
������
,�����	(��+�������4
�	!�(�"���      
8 
������
1���
�)����
�	!��	(��+�����      
9 
������
1)����

)��
�	!��	(��+�����      

10 
������
����
����(����
�	(��+�����1)�%���
��)��9�      
11 �	(��+�������4
�	!�(�"
������
����
1)�)�(�"��)�	!��
:"
      
12 
������
����:�����������
�	(��+�����1���������!
�      
13 
������
�/���&(����$"%
�
�	!��	(��+�����      
14 �	&����2���B	���	(�
�	(��+�������4
�	"
(�"
���$"
���
      
15 
������
!%�('��	&����2���B	���	(�
�	(��+������,���1��������&���%�1�

��	)/:�
 
     

16 �	&����2���B	���	(�
�	(��+�������4
�	"
(�")��,���1)�('�
�
��������,$"%
0      
 



183 

���!����������2	 
��� ������ 

5 4 3 2 1 
17 
������
!%��	&����2���B	���	(�
�	(��+������,���
������
������

��)�	
�&)����
�%
���&�('�%�1� 
     

18 
������
��%
���������	&����2���B	���	�
�	!��	(��+�����������/:�
      
19 
������
����
����(����
�	(��+�����1)�)�/:�
��$"%1)�('��	&����2���B	���	      
20 
������
���
�&�%(�"&�('��	&����2���B	���	(�
�	(��+�����      
21 �	&����2���B	���	(�
�	(��+�������4
�	"
(�"
����$"%      
22 
������
��%
����/������!��
���	(��+�����      
23 
������
!%�)��������(�(�+
�(�"���"������	(��+�����      
24 
������
!%�1�,	,	*2�78��	(��+�����      
25 
������
��%
���('��	&����(�
�	(��+������,	"���	�
%����
(�"      
26 
������
!%�%��

	�������$%�
�
�$%(�"���"������	(��+�����      
27 �������
������"������	"
����0 (�
�	(��+�������4
�	"
(�"
���$"
���
      
28 
������
��%
�������
�	!��	(��+�����������/:�
�
%
���      
29 
������
��%
�������
��/��	!��	(��+������
��)������	(��.��      
30 
������
��%
���('�
�
(�
)��
�	(��+�����      
31 
������
��%
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MfBgDhiSBIXE_OBFjaB=DkH 
 

  CS�YlVYNWFXGYLeK^GYLCLMNJGYLnFJQjbNYZYnHLfgJSweePIKJHTFXGYLglTJKGCLMNJ]^T
oK�JYGLOIQJGYLUj^ UQYVnYVYL`gJGYLCLMNJLaT  GLOIQJGYLnEICnYOlYUQYVLaT  GLOIQJGYL
RGTSwylY  RDOGYLUj^UTJnLTYXFXUfUQYVLaT  FN_YX]LG�HYV pDeYGGYLeK^GYLCLMNJGYLnFJ
QjbNYZYnHLfgJSweePIKJoIQ_YJKGCLMNJn_QJgly_VKGeOCLMNJRIIb_FXeiYeYGHiYLYlLEFnjdXbMdULaFqjIYN
gJhKcJCLMNJ  JKGCLMNJClD_YJMcVKGNFVLKIFXUfUQYVLaTH_YXt x^NSLYZeYGUiY`YVlLEFWTFnXnKNg^t  
RDOVKGCWTYgeQ_YUQYVLaTbYXQjbNYZYnHLfCSsJnjdXbMd`aGUTJoIRDObiYGYLojnaeJfNEJNKJVYRDTQx^N
JKGQjbNYZYnHLf e[XCSsJWTFVaDbMdChEdF`EF]^T  o�HjGLLV^KXGD_YQn_XpDglTCl�JJFGhKcJCLMNJ^TQNCh_JGKJ  
JKdJUEFGYLNFVLKIWTFVaDW_YQnYLbMdCGj^W[cJFN_YXLQ^CL�QeYGQjbNYGYL^TYJH_YXt gJSweePIKJx^N
SLYZeYGUiY`YVlLEFWTFnXnKNg^t  ^KXJKcJUQLVMGYLSLKICSDMdNJo�HjGLLVWFXJKGCLMNJglTVM
UQYVnYVYL`gJGYLUj^ GYLHK^njJgeCDEFGLKIWTFVaDW_YQnYLH_YXt bMdChEdF`EF]^T  SwylY^KXGD_YQJ_YeO
D^DX]^Tx^NGYLCSDMdNJLaSRIIGYLeK^GYLCLMNJGYLnFJQjbNYZYnHLfglTCJTJGLOIQJGYLnEICnYOlY
UQYVLaTRIISDYNCS�^VYGW[cJ  glTJKGCLMNJnEICnYOlYUQYVLaT^TQNHJCFXgJSLOC^�JbMdHJnJgeRbJ
GYLbiYGYLb^DFXHYVUa_VEFGjeGLLVbMdJKGCLMNJ]V_CWTYgegJlDKGGYLRDOClHPpDWFXRH_DOWKcJHFJ
LQVbKcXpDGYLb^DFXbMdCGj^W[cJ  v[dXeOh_QNglTJKGCLMNJVMoK�JYGYLbKcXbYX^TYJUQYVLaT UQYVUj^ RDO
bKG\OgJGYLUTJUQTYlYUQYVLaTHYVCS�YlVYNWFXGYLeK^GYLCLMNJGYLnFJQjbNYZYnHLf  JFGeYGJMc 
NKXh_QNglTJKGCLMNJCWTYgeqLLVhYHjWFXGYLUTJUQTYlYUQYVLaTbYXQjbNYZYnHLfVYGNjdXW[cJ  FN_YX]LG�
HYV  GYLnEICnYOlYUQYVLaTRIISDYNCS�^JKcJ]V_gh_CLEdFXX_YN  JKGCLMNJeiYCSsJHTFX]^TLKIGYL��G�J
RIIU_FNCSsJU_FN]SgJGiYGKI^aRDWFXULapaTnFJbMdeO`_YNbF^GLOIQJGYLUj^ CbUJjU RDOQjqMGYL
H_YXt  CoEdF]V_glTJKGCLMNJLKImYLOXYJbMdlJKGCGjJUQYVnYVYL`WFXHJ  ^KXJKcJe[XVMUQYVeiYCSsJHTFX
SLKILaSRIIWFXGjeGLLVx^NGYLCojdVUQYVvKIvTFJWFXXYJglTGKIJKGCLMNJRDOD^GYLh_QNClDEFeYG
ULapaTnFJRIIU_FNCSsJU_FN]SHYVDiY^KICQDY  CoEdFglTJKGCLMNJ]^ToK�JY]SbMDOWKcJeJCGj^UQYV
hiYJYyRDOnYVYL`nLTYXFXUfUQYVLaT]^T^TQNHJCFXgJbMdnP^ 
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=DlBSFBZ\NYSH`OZ>BC=C]ZHCmT 
 

  GYLeK^GYLCLMNJGYLnFJx^NghTlJ_QNGYLCLMNJLaT CLEdFX nnYLgJhMQjHSLOeiYQKJ bMd
nF^RbLGGYLFqjIYNbYXQjbNYZYnHLfx^NghTCbUJjU fading scaffold CoEdFn_XCnLjVbKG\OGYLglT
ClHPpDWFXJKGCLMNJ VMCS�YlVYNniYUKy^KXH_F]SJMc 
 

1. CoEdFglTJKGCLMNJVMUQYVLaT UQYVCWTYgegJlDKGGYLRDOb�\�MbMdCSsJoEcJ�YJCLEdFXnYL
RDOGYLeiYRJGnYL  GYLRNGnYL  nYLDODYNRDOnYLDODYNGL^-CIn   

2. CoEdFglTCWTYgeWFICWH  qLLVhYHjRDOWTFeiYGK^WFXQjbNYZYnHLf 
3. CoEdFn_XCnLjVglTJKGCLMNJoK�JYbKG\OGYLnEdFnYLbYXQjbNYZYnHLf 
4. CoEdFn_XCnLjVglTJKGCLMNJoK�JYbKG\OGYLnEICnYOlYUQYVLaTbYXQjbNYZYnHLf 
5. CoEdFn_XCnLjVglTJKGCLMNJoK�JYbKG\OGYLglTClHPpDbYXQjbNYZYnHLf 
6. CoEdFglTJKGCLMNJ]^TJiYUQYVLaTUQYVCWTYgeCLEdFXnYLRDOnVIKHjWFXnYL  GYLeiYRJG

nYL  GYLRNGnYL  nYLDODYN RDOnYLDODYNGL^-CIn ]SghTglTCGj^SLOxNhJfH_F
nKXUVRDOGYL^iYLXhMQjH 
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FBUCnBH>BC=C]ZHCmT 
 

  CJEcFlYnYLOWFXlJ_QNGYLCLMNJLaT CLEdFX nnYLgJhMQjHSLOeiYQKJ FNa_gJnYLObMd 3: nYL
RDOnVIKHjWFXnYL  v[dXCSsJn_QJlJ[dXWFXnYLOGYLCLMNJLaTQjbNYZYnHLfHYVVYHL�YJGYLCLMNJLaT
lDKGnaHLGYLZ[G\YWKcJoEcJ�YJ oPbqZKGLYh 2544 ^KXJMc 
 
 FBUCnBH O 3.1 : CWTYgenVIKHjWFXnYL UQYVnKVoKJqfLOlQ_YXnVIKHjWFXnYLGKIxULXnLTYX

RDORLXN[^ClJMdNQLOlQ_YXFJPmYU VMGLOIQJGYLnEICnYOlYUQYVLaTRDO
ejHQjbNYZYnHLf nEdFnYLnjdXbMdCLMNJLaTRDOJiYUQYVLaT]SghTSLOxNhJf 

 

 FBUCnBH O 3.2 : CWTYgelDKGGYLRDOqLLVhYHjWFXGYLCSDMdNJn`YJOWFXnYL GYLCGj^
nYLDODYN GYLCGj^S�jGjLjNYCUVM VMGLOIQJGYLnEICnYOlYUQYVLaTRDO
ejHQjbNYZYnHLf nEdFnYLnjdXbMdCLMNJLaTRDOJiYUQYVLaT]SghTSLOxNhJf 

 
 
  niYlLKICJEcFlYgJn_QJbMdCDEFGVYJKcJeK^FNa_gJVYHL�YJGYLCLMNJLaTh_QXhKcJbMd 3 (V.1~V.3) 
^KXJMc 
 

1. nKXCGH niYLQeHLQenFI QjCULYOlf FmjSLYNnVIKHjH_YXt WFXnYL eiYRJGnYLFFGCSsJ
GDP_VHYVCJEcFnYL lLEFWJY^WFXFJPmYU 

 

2. niYLQeHLQenFI CSLMNICbMNI FmjSLYN RDOFqjIYNCGMdNQGKIlJ_QNbMdghTRn^XSLjVYk
WFXHKQDODYNgJHKQbiYDODYN QjqMCHLMNVnYLDODYNbMdVMUQYVCWTVWTJHYVlJ_QNbMd
GiYlJ^RDOJiY]SghTSLOxNhJfgJhMQjHSLOeiYQKJ 

 

3. niYLQeHLQenFIRDOFqjIYNlDKGGYLRNGnYL^TQNQjqMGYLGLFX GYLGDKdJ GYLHGpD[G 
GYLnGK^RDOxULVYxbGLY�� RDOJiYQjqMGYLRNGnYL]SghTSLOxNhJf]^TFN_YXClVYOnV 

 

4. niYLQeHLQenFInYLCJEcFC^MNQ FmjSLYN RDOFqjIYNnVIKHjUQYVCSsJGL^-CInWFX
nYLDODYN U_Y pH WFXnYLDODYN RDOGYLJiYUQYVLaTCGMdNQGKIGL^-CIn]SghTSLOxNhJf 
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=HopNSBMBCEIXE_OBFCmTgopHnBH 
 

=HopNSBMBCE _OBFCmT=LGF 
MBCIXEMFJPUG\NYMBC  
 nnYLRDOnYL nnYLLFIHKQ 
 nVIKHjbYXGYNmYo UQYVlVYNWFXnnYLRDOnYL 

 
>BCjaBIH>MBC  
 GYLeiYRJGnYLHYVn`YJOWFXnYL GYLeiYRJGSLOCmbWFXnYLgJhMQjHSLOeiYQKJ 
 GYLeiYRJGnYLHYVDKG\kOCJEcFnYL 

- nYLCJEcFC^MNQ 
- nYLCJEcFpnV 

n`YJOWFXnYL 
 

 GYLeiYRJGnYLHYVWJY^FJPmYUWFXnYL 
- nYLRWQJDFN 
- UFDDFN^f 
- nYLDODYN 
 

DKG\kOWFXnYLCJEcFC^MNQRDOnYLCJEcFpnV 
GYLGLFXnYL^TQNGLO^Y\GLFX 

MBCXEXBZ  
 FXUfSLOGFIWFXnYLDODYN n`YJOWFXnYL 
 GYLDODYNWFXnYL 

- SweeKNbMdVMpDH_FGYLDODYN 
DKG\kO RDOFXUfSLOGFIWFXnYLDODYN   

 GYLCHLMNVnYLDODYN 
- GYLCHLMNVnYLDODYNbMdUQYVCWTVWTJ

H_YXt 
- GYLCHLMNVnYLDODYNCeEFeYX 
- UQYVCWTVWTJWFXnYLDODYN 
 

GYLDODYNWFXnYL 
HKQDODYNRDOHKQbiYDODYN 
GYLQK^VQDRDOSLjVYHLWFXnYL 
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=HopNSB _OBFCmT=LGF 
>BCIZ>MBC  
 GYLHGpD[G 

 
 
GYLnGK^^TQNHKQbiYDODYN 
GYLGDKdJ^TQN]FJciY 
 
GYLGDKdJ 
xULVYxbGLY��GLO^Y\ 

nYLDODYN 
pDWFXFPklmaVjH_FGYLDODYNWFXnYL 
GYLGLFX 
nYLDODYN 
eP^C^EF^WFXnYL 
GYLCSDMdNJn`YJOWFXnYL 
eP^C^EF^WFXnYL 
GYLRoL_WFXnYL 
nYLDODYN 
 

MBCXEXBZ>CL-=JM  
 nVIKHjWFXnYLDODYNGL^-CIn 

- nVIKHjRDOS�jGjLjNYWFXnYLDODYNGL^ 
- nVIKHjRDOS�jGjLjNYWFXnYLDODYNCIn 

nYLDODYN 
GYLCSDMdNJnMGLO^Y\DjHVKnWFXnYLDODYNGL^-CIn 

 GYLHLQenFIUQYVCSsJGL^-CIn 
- pH WFXnYLDODYNGL^-CIn 
- GYLCSDMdNJnMFjJ^jCUCHFLfWFXnYLDODYN

GL^-CIn 

nYLDODYN 
nVIKHjWFXnYLDODYNGL^-CIn 
 

 nYLDODYNGL^-CIngJhMQjHSLOeiYQKJ nVIKHjWFXnYLDODYNGL^-CIn 
FjJ^jCUCHFLfniYlLKInYLDODYNGL^-CIn 
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>Gj>CCFIXEWX>BC=C]ZHCmTK]^_BLSOPY 
 

>Gj>CCF WX>BC=C]ZHCmTK]^_BLSOPY 
>Gj>CCFK]^ 1  
     nVIKHjbYXGYNmYoRDOGYL
eiYRJGnYLHYVDKG\kOCJEcFnYL 

 

1) HLQenFIRDOFqjIYNnVIKHjbYXGYNmYoWFXnYLx^N
ghTQjqMGYLbMdGiYlJ^glT]^T 

2) QjCULYOlf CSLMNICbMNI RDOeK^GDP_VnYLCSsJnYLCJEcF
C^MNQRDOnYLCJEcFpnV x^NghTDKG\kOCJEcFnYLCSsJ
CGk�f]^T 

3) FqjIYNnVIKHjRDONGHKQFN_YXnYLCJEcFC^MNQRDOnYLCJEcF
pnVbMdoIgJhMQjHSLOeiYQKJ]^T 
 

>Gj>CCFK]^ 2 
     GYLHLQenFInVIKHjWFXnYL
RWQJDFN UFDDFN^f RDO
nYLDODYN 

4) HLQenFIWJY^FJPmYUWFXnYLx^NghTQjqMGYLbMd
GiYlJ^glT]^T 

5) eK^GDP_VnYLCSsJnYLRWQJDFN UFDDFN^fRDOnYLDODYN 
x^NghTWJY^FJPmYUWFXnYLCSsJCGk�f]^T 

6) FqjIYNnVIKHjRDONGHKQFN_YXnYLRWQJDFN  
UFDDFN^fRDOnYLDODYNbMdoIgJhMQjHSLOeiYQKJ]^T 
 

>Gj>CCFK]^ 3 
     GYLDODYNRDOSweeKNbMdVMpDH_F
GYLDODYNWFXnYL 

7) HLQenFIRDOFqjIYNUQYVnYVYL`gJGYLDODYNWFX
nYLHYVhJj^WFXHKQDODYN  hJj^WFXHKQbiYDODYN  
RDOFPklmaVjx^NghTQjqMGYLbMdGiYlJ^glT]^T 

8) FqjIYNUQYVlVYNWFXHKQDODYNRDOHKQbiYDODYN]^T 
9) NGHKQFN_YXnYLDODYNbMdFNa_gJn`YJOWFXRW�X  

WFXClDQ  RDOG�Yv]^T 
10) FqjIYNCGMdNQGKInmYoGYLDODYN]^TWFXnYL  RDO

nYLDODYNFjdVHKQ]^T 
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>Gj>CCF WX>BC=C]ZHCmTK]^_BLSOPY 
>Gj>CCFK]^ 4 
     GYLCHLMNVnYLDODYNRDO
nYLDODYNCeEFeYX 

 

11) CHLMNVnYLDODYNRDOnYLDODYNCeEFeYXx^NghTQjqMGYL
bMdGiYlJ^glT]^T 

12) IFGUQYVlVYNWFXUiYQ_Y UQYVCWTVWTJWFX
nYLDODYN  LTFNDOx^NVQDH_FVQD  LTFNDOx^NVQD
H_FSLjVYHL  LTFNDOx^NSLjVYHLH_FSLjVYHL  RDOn_QJ
gJoKJn_QJ (ppt) ]^T 

13) UiYJQklYUQYVCWTVWTJWFXnYLDODYNbMdCHLMNV]^T 
 

>Gj>CCFK]^ 5 
     GYLSLONPGHfghTlDKGGYLRNG
nYLgJhMQjHSLOeiYQKJ 

14) FqjIYNlDKGGYLRNGnYLx^NGYLHGpD[G  GYLnGK^
^TQNHKQbiYDODYN  GYLGDKdJ^TQN]FJciY  GYLGDKdJRDO
xULVYxbGLY��GLO^Y\]^T 

15) NGHKQFN_YXGYLJiYlDKGGYLRNGnYL]SghTgJ
hMQjHSLOeiYQKJ]^T 

16) b^DFXRDOnYVYL`SLONPGHflDKGGYLRNGnYLx^NGYL
HGpD[G  GYLnGK^^TQNHKQbiYDODYN  GYLGDKdJ^TQN]F
JciY  GYLGDKdJ  RDOxULVYxbGLY��GLO^Y\]^T 
 

>Gj>CCFK]^ 6 
     nVIKHjWFXnYLDODYNGL^-CIn 

 

17) HLQenFIRDOFqjIYNnVIKHjWFXnYLDODYNGL^-CIn
]^T 

18) HLQenFIU_Y pH WFXnYLDODYNGL^-CIn]^T 
19) FqjIYNUQYVnKVoKJqfLOlQ_YXU_Y pH GKInVIKHjUQYV

CSsJGL^-CInWFXnYLDODYN]^T 
20) FqjIYNUQYVlVYNWFXUiYQ_Y  NaJjCQFLfvKDFjJ^jCUCHFLf  

RDO pH VjCHFLf]^T 
 

>Gj>CCFK]^ 7 
     nYLDODYNGL^-CIngJ
hMQjHSLOeiYQKJ 

21) niYLQeHLQenFI RDOFqjIYNnVIKHjWFXnYLDODYN
GL^-CIngJhMQjHSLOeiYQKJ]^T 

22) NGHKQFN_YXS�jGjLjNYWFXnYLDODYNGL^-CInGKInYL
IYXhJj^bMdoICl�J]^TgJhMQjHSLOeiYQKJ 

23) CnJFRJOQjqMGYLghTnYLDODYNGL^-CIngJ 
hMQjHSLOeiYQKJ]^TFN_YX`aGHTFXRDOSDF^mKN 
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_OBFSFBZ\NY Scaffolding Technique  
 
 Scaffolding technique lVYN`[X CbUJjUGYLglTUQYVh_QNClDEFCoEdFD^UQYVvKIvTFJ
WFXGYLbiYXYJlLEFGYLRGTSwylYx^NpaTbMdVMUQYVLaTUQYVChMdNQhYyVYGGQ_Y Ch_J ULapaTnFJ  UQYV
vKIvTFJWFXXYJlLEFSwylYbMdVFIlVYNglTGKIpaTCLMNJeOHTFXFNa_gJLO^KIbMdClJEFWM^UQYVnYVYL`WFX
paTCLMNJRDOULapaTnFJeOHTFXUFNQjCULYOlfQ_YpaTCLMNJVMSwylY WTFIGoL_FX lLEFHTFXGYLUQYVh_QNClDEF
g^t gJGYLbiYXYJlLEFGYLRGTSwylYJKcJ eYGJKcJeOglTUiYRJOJiYlLEFUQYVh_QNClDEFgJLaSRIIH_YXt 
CoEdFh_QNglTpaTCLMNJnYVYL`RGTSwylYlLEFbiYXYJJKcJt ]^TniYCL�e  CbUJjUJMcSLOGFI^TQN 2 DKG\kO
^TQNGKJUEF 
  1. Fading scaffold technique CSsJGYLglTUQYVh_QNClDEFbMdVMGYLSLKICojdVLO^KI
UQYVvKIvTFJWFXXYJRDOGYLSLKID^GYLh_QNClDEFeYGpaTLaTRIIU_FNCSsJU_FN]S  x^NgJLONOCLjdVHTJ 
paTCLMNJeOLKIpj^hFIXYJbMdVMUQYVvKIvTFJ]V_VYGRDOULapaTnFJeOUFNglTGYLh_QNClDEFlLEFUiYRJOJiY
CoEdFCSsJHTJRIIbYXUQYVUj^gJGYLbiYXYJlLEFGYLRGTSwylYgJn_QJbMdVMUQYVvKIvTFJVYGW[cJ  
eYGJKcJULaeO`FJGYLh_QNClDEF^KXGD_YQFFGVYbMDOJTFNCoEdFglTpaTCLMNJ]^TLKIpj^hFIXYJbMdVMUQYV
vKIvTFJCojdVVYGW[cJRIIU_FNCSsJU_FN]S  biYglTpaTCLMNJHTFXUj^NTFJGDKI`[XQjqMGYLRGTSwylYgJn_QJbMd
VMUQYVvKIvTFJCojdVVYGW[cJRDORGTSwylYlLEFbiYXYJJKcJglTniYCL�e^TQNHJCFX  lDKXeYGJKcJ CVEdF
paTCLMNJHTFXLKIpj^hFIXYJgJDKG\kO^KXGD_YQFMGULKcX paTCLMNJeOVMUQYVhiYJYy nYVYL`Uj^RDO
RGTSwylYbKcXlV^]^T^TQNHJCFX 
  2. Non-fading scaffold technique CSsJGYLglTUQYVh_QNClDEFbMd]V_VMGYLSLKILO^KI
bKcXgJ^TYJUQYVvKIvTFJWFXXYJRDOGYLglTUQYVh_QNClDEFeYGULapaTnFJ paTCLMNJbiYXYJbMdVMLO^KI
UQYVvKIvTFJCb_YC^jVCnVF WkObMdULaeOUFNglTGYLh_QNClDEFRDOUiYRJOJiYHDF^CQDYCh_JGKJ 
JKGCLMNJ]V_VMxFGYnbMdeO��GRGTSwylYlLEFbiYXYJJKcJt ^TQNHJCFX  biYglTpaTCLMNJ]V_VMoK�JYGYLgJ
GYLCLMNJLaT  lDKXeYGJKcJ CVEdFpaTCLMNJHTFXLKIpj^hFIXYJgJDKG\kO^KXGD_YQFMGULKcX paTCLMNJeO]V_
nYVYL`RGTSwylYlLEFbiYXYJJKcJt ]^T^TQNHJCFX ULaeiYCSsJHTFXUFNglTUQYVh_QNClDEFRDO
UiYRJOJiYHDF^]S  
 GYLeK^GjeGLLVgJlJ_QNGYLCLMNJLaThP^JMcCSsJRII fading scaffold x^NVMGYLSLKIxULXnLTYX
WFXGjeGLLVGYLnEICnYOlYUQYVLaTgJWKcJWFXGYLniYLQelYWTFVaD WTFnJCbZ RDOWKcJGYLFmjSLYNRDO
DXWTFnLPSHYVQK�eKGLGYLCLMNJLaTRII 5E  biYglTIbIYblJTYbMdWFXULaRDOJKGCLMNJgJWKcJ^KXGD_YQ
RHGH_YXGKJ]SgJRH_DOGjeGLLV  lJTYbMdbMdJKGCLMNJHTFXLKIpj^hFIgJGLOIQJGYLnEICnYOlYUQYVLaT
bYXQjbNYZYnHLfSLOGFI^TQNWKcJN_FNt 6 WKcJ  v[dXJKGCLMNJeOHTFXLKIpj^hFIRDObiYlJTYbMdRH_DOWKcJbMd
VMUQYVvKIvTFJCojdVVYGW[cJHYVDiY^KI^TQNHJCFX  GD_YQUEFGjeGLLVRLGeOCLjdVeYGULaCSsJpaTGiYlJ^
xULXnLTYXRDOCSsJpaTJiYGYLbiYGjeGLLVbKcXlV^HKcXRH_GYLGiYlJ^SLOC^�JlLEFUiY`YVbMdeOZ[G\Y  GYL
QYXRpJRDOGiYlJ^RJQbYXGYLniYLQeHLQenFI  GYLQYXRpJRDOGiYlJ^LaSRIIgJGYLIKJb[GpD
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RDOFmjSLYNpDWTFVaD  GYLQjCULYOlfWTFVaDRDOFmjSLYNpDGYLniYLQeHLQenFI  RDOGYLnLPSpD
RDOJiYCnJFpDGYLniYLQeHLQenFI  lLEFeK^Q_YCSsJGjeGLLVSLOCmbGYLojnaeJfG�lLEFb�\�M 
(verification)  v[dXJKGCLMNJeO]^TbiYGjeGLLVUQIUa_]SGKIGYLHYVHj^GLOIQJGYLUj^bMdCSsJDiY^KIWKcJ
WFXULaCoEdFCSsJHTJRIIUQYVUj^WFXGYL^iYCJjJGjeGLLVgJULKcX`K^]S  lDKXeYGJKcJGjeGLLVH_FVYeO
CSDMdNJCSsJRIISDYNCS�^VYGW[cJ (guided inquiry RDO open-guided inquiry)  x^NxULXnLTYXH_YXt 
bMdULaCSsJpaTGiYlJ^lLEFCSsJpaTJiYGYLbiYGjeGLLVeOD^DXbMDOWKcJt  gJbMdnP^LaSRIIWFXGjeGLLVeO
CSDMdNJCSsJGYLnEICnYOlYUQYVLaTRIISDYNCS�^ (open-ended inquiry) JKGCLMNJ]^TDXVEFS�jIKHj
GjeGLLVbPGWKcJHFJ^TQNHJCFXgJSLOC^�JbMdHJnJge  xULXnLTYXGjeGLLVHYVRJQ fading scaffold 
technique WFXlJ_QNGYLCLMNJLaT CLEdFX nnYLgJhMQjHSLOeiYQKJ CSsJ^KXJMc 
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q_CYMCTBY>Gj>CCFUBFIHO fading scaffold technique 
 

JKJBKSHTBK]^ 
CEZE 
(_BJK])̂ 

>Gj>CCF 
_Cm HP>=C]ZH 

CE
ZE
K]^ 
1 (
1-
2)
 

SLOCmbWFXGjeGLLVCSsJRII  
Verification 
 
GjeGLLVbMd 1 
nVIKHjbYXGYNmYoRDOGYLeiYRJG
nYLHYVDKG\kOCJEcFnYL 
 
 
 

GiYlJ^RDOUQIUPVGYLbiYGjeGLLVWFXJKGCLMNJ glTUiYSL[G\Y 
x^NVMlJTYbMdlDKG K̂XJMc 

- GiYlJ^SLOC �̂JlLEFUiY`YVbMdeOZ[G\Y 
- QYXRpJRDOGiYlJ^RJQbYXGYLniYLQeHLQenFI 
- QYXRpJRDOGiYlJ^LaSRIIgJGYLIKJb[GpDRDO

FmjSLYNpDWTFVaD 
- JiYQjCULYOlfWTFVaDRDOFmjSLYNpDGYLniYLQe

HLQenFI 
- nLPSpDRDOJiYCnJFpDGYLniYLQeHLQenFI 

 

biYGjeGLLVHYVWKcJHFJbMdGiYlJ^gJIbCLMNJ 

CE
ZE
K]^ 
2 (
3-
5)
 

SLOCmbWFXGjeGLLVCSsJRII  
Guided Inquiry 
 
GjeGLLVbMd 2 
GYLHLQenFInVIKHjWFXnYL
RWQJDFN UFDDFN f̂ RDOnYLDODYN 

GiYlJ^RDOUQIUPVGYLbiYGjeGLLVWFXJKGCLMNJ glTUiYSL[G\Y 
x^NVMlJTYbMdlDKG K̂XJMc 

- GiYlJ^SLOC �̂JlLEFUiY`YVbMdeOZ[G\Y 
- QYXRpJRDOGiYlJ^RJQbYXGYLniYLQeHLQenFI 
- QYXRpJRDOGiYlJ^LaSRIIgJGYLIKJb[GpDRDO

FmjSLYNpDWTFVaD 
- JiYQjCULYOlfWTFVaDRDOFmjSLYNpDGYLniYLQe

HLQenFI 
 

biYGjeGLLVHYVWKcJHFJbMdGiYlJ^gJIbCLMNJ  RDOCojdVIbIYb
gJGYLnLPSpDRDOJiYCnJFpDGYLniYLQeHLQenFI T̂QNHJCFX 
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JKJBKSHTBK]^ 

CEZE 
(_BJK])̂ 

>Gj>CCF 
_Cm HP>=C]ZH 

CE
ZE
K]^ 
3  
(6
-8
) 

SLOCmbWFXGjeGLLVCSsJRII  
Guided Inquiry 
 
GjeGLLVbMd 3 
GYLDODYNRDOSweeKNbMdVMpDH_FGYL
DODYNWFXnYL 

GiYlJ^RDOUQIUPVGYLbiYGjeGLLVWFXJKGCLMNJ glTUiYSL[G\Y 
x^NVMlJTYbMdlDKG K̂XJMc 

- GiYlJ^SLOC �̂JlLEFUiY`YVbMdeOZ[G\Y 
- QYXRpJRDOGiYlJ^RJQbYXGYLniYLQeHLQenFI 
- QYXRpJRDOGiYlJ^LaSRIIgJGYLIKJb[GpDRDO

FmjSLYNpDWTFVaD 
 

biYGjeGLLVHYVWKcJHFJbMdGiYlJ^gJIbCLMNJ  RDOVMIbIYb
CojdVCHjV K̂XJMc 

- QjCULYOlfWTFVaDRDOFmjSLYNpDGYLniYLQeHLQenFI 
- nLPSpDRDOJiYCnJFpDGYLniYLQeHLQenFI T̂QN

HJCFX 
 
 

CE
ZE
K]^ 
4  
(9
-1
4)
 

SLOCmbWFXGjeGLLVCSsJRII  
Guided Inquiry 
 
GjeGLLVbMd 4 
GYLCHLMNVnYLDODYNRDOnYLDODYN
CeEFeYX 
 
GjeGLLVbMd 5 
GYLSLONPGHfghTlDKGGYLRNGnYLgJ
hMQjHSLOeiYQKJ (HFJbMd 1) 
 

GiYlJ^RDOUQIUPVGYLbiYGjeGLLVWFXJKGCLMNJ glTUiYSL[G\Y 
x^NVMlJTYbMdlDKG K̂XJMc 

- GiYlJ^SLOC �̂JlLEFUiY`YVbMdeOZ[G\Y 
- QYXRpJRDOGiYlJ^RJQbYXGYLniYLQeHLQenFI 
 
 
 
 

biYGjeGLLVHYVWKcJHFJbMdGiYlJ^gJIbCLMNJ  RDOVMIbIYb
CojdVCHjV K̂XJMc 

- QYXRpJRDOGiYlJ^LaSRIIgJGYLIKJb[GpDRDO
FmjSLYNpDWTFVaD 

- QjCULYOlfWTFVaDRDOFmjSLYNpDGYLniYLQeHLQenFI 
- nLPSpDRDOJiYCnJFpDGYLniYLQeHLQenFI T̂QN

HJCFX 
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JKJBKSHTBK]^ 

CEZE 
(_BJK])̂ 

>Gj>CCF 
_Cm HP>=C]ZH 

CE
ZE
K]^ 
5  
 (1
5-
19
) 

SLOCmbWFXGjeGLLVCSsJRII  
Open-guided Inquiry 
 
GjeGLLVbMd 5 
GYLSLONPGHfghTlDKGGYLRNGnYLgJ
hMQjHSLOeiYQKJ (HFJbMd 2) 
 
GjeGLLVbMd 6 
nVIKHjWFXnYLDODYNGL^-CIn 
 

GiYlJ^RDOUQIUPVGYLbiYGjeGLLVWFXJKGCLMNJ glTUiYSL[G\Y
x^NVMlJTYbMdlDKG UEF GiYlJ^SLOC �̂JlLEFUiY`YVbMdeOZ[G\Y 
 

biYGjeGLLVHYVWKcJHFJbMdGiYlJ^gJIbCLMNJ  RDOVMIbIYb
CojdVCHjV K̂XJMc 

- QYXRpJRDOGiYlJ^RJQbYXGYLniYLQeHLQenFI 
- QYXRpJRDOGiYlJ^LaSRIIgJGYLIKJb[GpDRDO

FmjSLYNpDWTFVaD 
- QjCULYOlfWTFVaDRDOFmjSLYNpDGYLniYLQeHLQenFI 
- nLPSpDRDOJiYCnJFpDGYLniYLQeHLQenFI T̂QN

HJCFX 
 
 

CE
ZE
K]^ 
6  
 (2
0-
23
) 

SLOCmbWFXGjeGLLVCSsJRII   
Open Inquiry 
 
GjeGLLVbMd 7 
nYLDODYNGL^-CIngJhMQjHSLOeiYQKJ 

UQIUPVGYLbiYGjeGLLVRDOglTUiYSL[G\YRG_JKGCLMNJ 
 
 

biYGjeGLLVHYVWKcJHFJbMdGiYlJ^gJIbCLMNJ  RDOVMIbIYb
CojdVCHjV K̂XJMc 

- GiYlJ^SLOC �̂JlLEFUiY`YVbMdeOZ[G\Y 
- QYXRpJRDOGiYlJ^RJQbYXGYLniYLQeHLQenFI 
- QYXRpJRDOGiYlJ^LaSRIIgJGYLIKJb[GpDRDO

FmjSLYNpDWTFVaD 
- QjCULYOlfWTFVaDRDOFmjSLYNpDGYLniYLQeHLQenFI 
- nLPSpDRDOJiYCnJFpDGYLniYLQeHLQenFI T̂QN

HJCFX 
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hEdF............................................................................       hKcJ........................... 
QKJbMd..........................................................................       GDP_VbMd...................... 

       
>Gj>CCFK]^ 1 MFJPUGKBY>BZfBgIXE>BCjPLSFOLSFm`MBCUBFXP>Q?E=HopNMBC  
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7. nTVHiY 
8. RS�XVKJ 
9. JciYxUDJ 
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WX>BCKLXNY 
HYLYXIKJb[GpDGYLHLQenFInVIKHjbYXGYNmYoWFXnYLHKQFN_YX 10 hJj^ 
MBCUPONZ`BY WX>BCMPY=>U 
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NfGDCBZWX>BCKLXNY  
1. nYLHKQFN_YXRH_DOhJj^VMnVIKHjClVEFJlLEFH_YXGKJFN_YX]L  NGHKQFN_YXSLOGFI 
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MCVDWX>BCKLXNY 
1. JKGCLMNJnLPSpDWFXGjeGLLVCGMdNQGKInVIKHjWFXnYL]^TFN_YX]L 
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>Gj>CCFK]^ 2 >BCUCOjMNJMFJPUG\NYMBCI\OHXNZ _NXXNZLA IXEMBCXEXBZ 
 

jVLDCEMY_A\NY>Gj>CCF          
          

1. HLQenFIWJY^FJPmYUWFXnYLHKQFN_YX x^NghTGLO^Y\GLFXRDOGLO^Y\CvDxDC�J 
2. CSLMNICbMNIDKG\kOCJEcFnYLRDOWJY^FJPmYUWFXnYLHKQFN_YX 

 
MBC=_F]IXENVD>C?A            

 
1. JciYRS�X^jI  20 cm3     
2. JciYJVn^  20 cm3        
3. JciYR^X  20 cm3 
4. IMGCGFLfWJY^ 50 cm3 eiYJQJ 3 gI  
5. IMGCGFLfWJY^ 100 cm3 eiYJQJ 1 gI 
6. GLO^Y\GLFXWJY^nTJp_YJZaJNfGDYX 11 cm 3 Rp_J 
7. GLO^Y\CvDxDC�JWJY^ 10 cm x 10 cm 3 Rp_J 
8. GLQNRNG 1 FKJ 
9. WQ^LaSGLQNWJY^ 250 cm3 1 gI 
10. Rb_XRGTQUJnYL 1 FKJ 
11. NYXLK^ 3 CnTJ 
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WX>BCKLXNY 
 
HYLYXIKJb[GpDGYLnKXCGHDKG\kOWFXClDQRDOGYLHLQenFIWJY^FJPmYUWFXnYLHKQFN_YX 3 hJj^ 

WX>BCMPY=>UXP>Q?E\NY=SXO WXK]^MPY=>UvLTjB>>BC>CNY 
MBCUPONZ`BY 

=Fo^N_HLTOZIK`YI>TO SXPYUPpYKGpYvOT 5 HBK] JH>CELBQ>CNY RHwVY=xXqX=yH 

HpaBIDlYLGJ 
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NfGDCBZWX>BCKLXNY  
1. WFXClDQbKcXnYVhJj^VMDKG\kORHGH_YXGKJFN_YX]L��	
��

��������� ����
 ���� 
 ��-�!����������	
��

�����$� ����
 ���� 

 
 
 
 
2. CVEdFGLFXnYLRH_DOhJj^^TQNGLO^Y\GLFX]^TpDCSsJFN_YX]L  ��)
�����9
�:
�	"
�)  
 ��-�!�4&�
 ���� �('����,�&����������� ������-�����!
���-�!����� �('����,�&�
����������  !���$	'�	"�����������9�(�����-�!�4���&�
����$	:������������9�(�����-���
�� 
 
 
 
3. CVEdFGLFXnYLRH_DOhJj^^TQN`PXCvDxDC�J]^TpDCSsJFN_YX]L  ��)
�����9
�:
�	"
�) 
 ��-�!�4���&!
���-����� �('����,�$�.���7
0
�8� ������-�!����� �('����,�$�.���7

0
�8�  !���$	'�	"�����������9�(�����-�!�4���&!
���-������
����$	:������������9�(���
��-�!�� 
 
 
 
4. JKGCLMNJnYVYL`eK^DiY^KIWJY^FJPmYUWFXnYLbKcXnYVhJj^eYGgly_]SlYCD�G]^TFN_YX]L 
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MCVDWX>BCKLXNY 
JKGCLMNJnYVYL`nLPSpDWFXGjeGLLVCGMdNQGKIDKG\kORDOWJY^FJPmYUWFXnYLbKcX 3 hJj^]^TFN_YX]L 
 
 
 
 



225 

!$"%............................................................!��
..................��
(�"..............................�.���(�"............ 
 

       4���	0�* 2.1  (���� �� ����������) 
��������� ���
������
+:�-��(����
���/�% 2.3 (�
�� 5-10) �.�������������(�"1)��.�
'���
%�

����������������� ���2�,,��%��'�%*	��� ������
 � 
 �
�����	)��$%�����	+
�%��-�1/�� 
��4
��
 ,��%�(��
�����'������$%�	"
(�"
������
%�������
����,	"���	� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   

  �������	
 

 



226 

!$"%............................................................!��
....................��
(�"............................�.���(�"............ 
 

4���	0�* 2.2  (���/ �)	��������) 
��������� ���
������
+:�-������
��� .	�
�'�������
�
����)1�  �.��/��
%*	����.�����/%

/��
�%
��� .	�(�"���������!�����������"�����/
�)%
�2��/%
��� 

 
� !����0����0��5��)�.���*���!��	���	,"��������0�*	��������,�).4	���/ �)	�������� 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



227 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�!�	)�	���/ �)	��������������������
�	"���"�� 



228 

����!	0M�/ � !������	  
�/	����!��������	���0�* 2 ��'*�� ������&�%������	/%
����/�
.%� �%..%�)� �.����.�.�� 

 

���������������/	����!���������������	��� 
1. )��
&�)����
���������
��� 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA........................ 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA... 
k 
2. )��
�
$�%�� 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA. 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA.A
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA.... 
k 
3. )��
�	&�����������
��� ��.� �$"%�������
���/��.�
�������
��� �.������)�.������	
 . 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAA...................................................................AAAAAAAAAAAA 
k  
/ 0�*�����!�	!�����	 
1. )��
����������������� 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA......................AAAAAAAAA. 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA.A
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA..... 
k 
2. )��
&	��	(��+����� 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA.............. 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA... 
k 
�$%��/�,����� 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
k 
�����	��	�/�	�0�����(�  
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

    ��� ���%
 ............................................................... 
 ��
(�"..........�)$%
...................................,.+........... 



229 

�/	����!��������	���0�* 3 
� ,
������������	��� �	(��+����� ������� �	(��+����� 1 
�!�	 ��*��+:�-��%
��
    �'*��/	 ���.�.���.��3&&��(�"�� .��%���.�.��/%
��� 
�!	0�*             �� �  150 
�(� 
__________________________________________________________________________ 

��������������� 
 �	&�����
� 
���&�)�������
���(�" 3 ��4
����2( Guided Inquiry  &�)%����
����(�" 3 
/%
���
����
�	&��������
� fading scaffold technique  �(��(�
��(�"/%
����.�
������
��4

)�

�� 
 
������(��(�
��(�"�
����'��
)�.����������('�
�	&����/%

������
 ����'���:�-� �)����
��(�"�.�� 
)�

�� 
 

- �'��
)����)9
��$%�'����(�"&�+:�-� 
- ��
� 
�.��'��
)�
�(�
����'���&

���&�%� 
- ��
� 
�.��'��
)�������
�����
(:� .

�.�%2	���� ./�%��. 


������
���(��(�
��(�"�
���('��	&�������/��
�%

(�"�'��
)�
�(����
  �.����(��(�,	"���	� )�

�� 
 

- �	�������/�%��.�.�%2	���� .����'���&
���&�%� 

- ���� .�.�
'���
% .����'���&���&�%�
)����
�%
 

 

 
�,�������.�������	���  
 ��$"%����
&���$"%

���.�� 
������
������ 

1. ���&�%��.�%*	��������������
���.�.��/%
������!
	)/%
���.�.��  
!
	)/%
���('�.�.��  �.�%�7�2��	�)��!��	*����(�"�'��
)���1)� 

2. %*	�����������/%
���.�.���.����('�.�.��1)� 
3. �����%���
���.�.��(�"%����
���
�/%
�/9
  /%
��.�  �.��T�Q1)� 
4. %*	������"������2�,���.�.��1)�/%
���  �.����.�.��%	"����1)� 

 
����������� 
 �������,$�
C�
�'������������
�����$"%

������%�)��� 

1. ���
�/%
���  
2. .��-7� �.�%
������%�/%
���.�.��   
 
 



230 

�����������	��� 
 %
������%�/%
���.�.������%�)��� )!� � �� ��4
���(�"����	��7
�%������

���.�.���.����.�.���)�)!�0�� � ��  Q:"
��4
���(�"����	��7��� 
 ���.�.��/%
���/:�
%������!
	)/%
���.�.���.����('�.�.��  ���.�.��!
	)�)�����

.�.���
���('�.�.�����
!
	)��
1)����
��
  �.����.�.�����
!
	)��
.�.���
���('�.�.��!
	)
�)�����
1)����
��
  
%�&��
�������������
���.�.��/%
�����
/:�
%������%�7�2��	)��� �����

!
	)&�.�.��1)�)�/:�
��$"%%�7�2��	��
/:�
 ��������
!
	)&�.�.��1)�
�%�.
  �
���.�.��/%
���  
������.�.�������.�.��%������&
1��������.�.���,	"�1)�%���.�� &�%����
�2���(�"�������� 
��� � ����*�)!�  ���%�7�2��	��
/:�
%�&.�.�����.�.���,	"�1)�%��/:�
%�������2�,.�.��1)�/%

������.�!
	)  �"�# � ��(���$%�����������
���.�.��1)�/%
����	)��4
&'�
�
����/%

���
��
(�".�.��&
%	"�����

�'���$%���('�.�.��%$"
 100 ���� 7 %�7�2��	�
:"
     
  
����)���� 
���	�� 

1. 
������
���.��
+:�-��.������	"
(�"1)�����
��� �.��	"
(�"%�������,	"���	����"����� ��$"%
  
���.�.��/%
��� .
�
��
�
(�" 3.1 (����.�� %������%��) 

2. �������������).��%��)�����7 0.75 �	�.����   
 

�����	����!��������	��� 
1. /��

'��/������	&���� 

1. 
������
���.��.�����
���.��-7���� 5 !
	) 1)���� 
�'���.(���  �� ��%���� (��
�)
)  
�'���
,$!  
�'��.�"
  �.��%(�
%.  �.�����.��.����.$%�����)0 2 !
	)�� ��
��
 (���(�"��4
/%
�/9
�!������7 0.3 ����  �����4
/%
��.��!������7 3 cm3) 

2. 
������
���.��.�����)
 .(�"1)��.����������� ��(�"1)���4
���.�.����$%1�� ,��%�
(��
�%����.�.�� ���('�.�.�� �.�.��-7�/%
���.�.��(�"1)�  

3. 
������
������
%2	���������$"% ������)0 �/��)�����
&�1)���4
���.�.�����%1�
��$%1��  �.����.�.��&�/:�
����3&&���)���
 

2. /��
�'���&��/�%��. /�%�
�(+ (Guided Inquiry, ����0�* 3)  
1. ������
������
('��	&����(�" 3 �,$"%���&�%����.�.���.��3&&��(�"�� .��%���.�.��

/%
��� 
2. 
������
('��	&��������	*����(�"�'��
)��� )�

�� 

 
 
 



231 

�%
(�" 1 
1) ���
�'��.�"
�.��%(�
%.!
	).� 2 cm3 .
�
�.%)().%
(�" 1 �.� 2 ���.'�)�� 

&��
��
���
�'���.(���.
1��
���.��.%)0 .� 0.3 ���� �/��� ��
������.�.��
/%

�'���.(��� ��
(:� ..
�
�����
(:�(�"�'��
)���   

2) ('����().%
�!�
�)������/�%(�" 1 �����.�"�
&��
�'���.(�����4
�� ��%���� (��
�)
) �.�
�'���
,$! (0.5 cm3 ��$%�����7 10 ��)) ���.'�)�� 

*** �.�
&��('����().%
�%
(�" 1 ���
������
���.��.���������
�	�������/�%��. �.�%2	���� .����'���&
���&�%��������)9
(�"����'��
)����������%� ��%
��	"�('��	&�����%
(�" 2  

�%
(�" 2 
1) ���
�'��.�"
 50 cm3 .
�
�����%��/
�) 100 cm3 ��)�.���
(:�%�7�2��	   
2) �!�!�%
!�������������.
1��
�����%��&'�
�
 1 !�%
  �
)����(�
�����
���&


������.�.����)  �������������,	"�.
1�%������
.� 1 !�%
 ,��%�(��
�
���.�.��  
&
����������&�1��.�.��%����%1�  ��
(:�&'�
�
!�%
(��
��)(�"���������.
1��

���.�.�� 

3) 
'����.�.��1����
1U&
�)$%) ��)�.���
(:�%�7�2��	  ,��%�(��
�
���������
.�.�� ���������(�"���.
1��
�%
���.�.����) ����������������,	"�.
1�%������

.� 1 !�%
 ,��%�(��
�
���.�.��  &
����������&�1��.�.��%����%1�  ��
(:�
&'�
�
!�%
(��
��)(�"���������.
1��
���.�.�� (&'�
�
!�%
�
�%
�����%


'������
1U������&'�
�
!�%
(�"����,	"�.
1�) 

4) ('����().%
�!�
�)������/�%(�" 1-3 �����.�"�
&����������4
��.$%��
 
3. /��
%2	�����.�.
/�%���� 

1. 
������
���.��.���������
�	�������/�%��. �.�%2	���� .����'���&���&�%����
����)9
(�"����'��
)��� )�

�� 

�%
(�" 1 
- �������).�.����
1)�  
������
&�)����)��4
���.�.���.����('�.�.�� 
- ,	&��7�!
	)/%
���('�.�.��(�"�� .��%���.�.��/%
���!
	)�
:"
0 
- ,	&��7�!
	)/%
���.�.��(�"�� .��%���.�.���
���('�.�.��!
	)�)�����
 

�%
(�" 2 
- ,	&��7���	��7������(�".�.��1)��

�'��.�"
(�"%�7�2��	���
0   .(�"1)�  

�����������%���
1� 
- ��	��7��.$%��
(�".�.��1)��

�'��.�"
(�"%�7�2��	���
0 ���
��
�����$%
��� 

.�.��/%
�������

�'��.�"
��$%1�� %���
1� 
- 7 %�7�2��	�)�����
 �������.���.$%��
.�.���

�'��.�"
1)��(����
��$%1��  

 .(�1)������������%���
1� 



232 

2. 
������
���.��.������� .����'���&���&�%� �.�
'���
%/�%����(�"1)�����,$"%
�
!��

����
U3
  �)�����%�������
��� ������
%*	���  �����%���
/�%��.&���	&�����.��!�
�.�����(�
�	(��+��������
���
�
/�%����)�
�.��� 

3. �,$"%

������
Q�����/�%�
��� ��$%��
%�
�/�%�	)��9
�,	"���	�  
4. /��
%*	����,	"���	��.�.
���.��%��) 


������
������
%2	��������)9
��%1�
��   
1. ���('�.�.���.����.�.���������������%���
1� 
2. ���.�.�������%
������%���������%
!
	)1)���$%1��  ,��%�(��
�����%���
 
3. ���.�.��%����
���
��)1)����
  ,��%�(��
�����%���
 
4. ��������/%
�2�,���.�.��1)�/%
���  �.����.�.��%	"���� 
5. �
��
�����.�.��/%
���(�"%�7�2��	���
0 ��4
%���
1�  �.���)���U�
��
�
(�" 

3.2 (�
��
�����.�.��/%
���)  
5. /��
�����	
�������
��� 


������
���.��
���1/��$%�����	"
(�"
������
1)�����
����,	"���	��
��
�
(�" 3.1 

������
������
����.��%��'����(�"��
1��1)��'��%�&����
�
(�" 3.1  
 

�'*��������	��� 
1. �%��������%��������
�
����������
���(�" 3 ��$"%
 �����
!��	����&'���
  

(�
�� 11-15) 
2. ��
�
(�" 3.1  
3. ��
�
(�" 3.2  
4. ���	&����(�" 3 
5. %����7��.��������/%
�	&����(�" 3 
 

�� 
��������	��� 
 - 
 
����!�/ � ����������	/  

1. ���&��
�
(�" 3.1  
2. ���&��
�
(�" 3.2  
3. ���&���	&����(�" 3 

 
 



233 

hEdF............................................................................       hKcJ........................... 
QKJbMd..........................................................................       GDP_VbMd...................... 

       
>Gj>CCFK]^ 3 >BCXEXBZIXEDhjjPZK]^F]WXU`N>BCXEXBZ\NYMBC 

 
jVLDCEMY_A\NY>Gj>CCF          
          

1. HLQenFIRDOCSLMNICbMNIUQYVnYVYL`gJGYLDODYNWFXnYL 
2. Z[G\YSweeKNbMdVMpDH_FUQYVnYVYL`gJGYLDODYNWFXnYL 

 
MBC=_F]IXENVD>C?A            

 
1. JciYGDKdJ 
2. CFbYJFD 
3. JciYHYDbLYN  
4. nMpnVFYlYL (nMR^X)  
5. JciYVKJoEh  
6. nYLnTV 
7. CGDEFRGX 
8. lDF^b^DFXWJY^GDYX 6 lDF^ 
9. lDF^lN^ 1 FKJ 
10. bMdHKcXlDF^b^DFX 1 FKJ 
11. IMGCGFLfWJY^ 100 cm3 eiYJQJ 2 gI 
12. CbFLfxVVjCHFLf 
13. hTFJhY 
14. Rb_XRGTQUJnYL 
15. HOCGMNXRFDGF�FDfoLTFVbMdIKXDVRDOHORGLXDQ^ 
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WX>BCKLXNY 
 
UNHK]^ 1  HYLYXIKJb[GpDGYLDODYNWFXnYLbKcX 3 hJj^gJJciYGDKdJRDOCFbYJFD 
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MBCUPONZ`BY 

HpaB>XP^H =NKBHNX 
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MCVDWX>BCKLXNY 
JKGCLMNJnYVYL`nLPSpDWFXGjeGLLVCGMdNQGKIGYLDODYNRDOSweeKNbMdVMpDH_FGYLDODYNWFXnYL]^T
FN_YX]L 
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 GYLCHLMNVnYLDODYNbiY]^Tx^NGYLDODYNHKQDODYNgJHKQbiYDODYN  RH_gJGLkMbMdVM
nYLDODYNFNa_RDTQFYeCHLMNVnYLDODYNglV_x^NGYLbiYCSsJnYLDODYNCeEFeYX^TQNGYLCHjVHKQbiY
DODYNDX]S  nYLDODYNglV_bMd]^Te[XVMUQYVCWTVWTJD^DX   
 x^NbKdQ]S nYLDODYNbMdCHLMNV]^TVKGeOLOIP UQYVCWTVWTJWFXnYLDODYN  x^NGYLLOIP
SLjVYkWFXHKQDODYNbMdFNa_gJnYLDODYN  lJ_QNUQYVCWTVWTJbMdUQLbLYIVM^KXJMc  CTNZXEqLZFOXU`N
FOX CSsJlJ_QNbMdIFGVQDWFXHKQDODYN (GLKV) bMdDODYNFNa_gJnYLDODYN 100 GLKV   CTNZXEqLZ
FOXU`NDCGFBUC CSsJlJ_QNbMdIFGVQDWFXHKQDODYN (GLKV) bMdDODYNFNa_gJnYLDODYN 100 cm3 
CTNZXEqLZDCGFBUCU`NDCGFBUC CSsJlJ_QNbMdIFGSLjVYHLWFXHKQDODYN (cm3) bMdDODYNFNa_gJ
nYLDODYN 100 cm3 niYlLKIGYLLOIPUQYVCWTVWTJWFXnYLDODYNbMdVMUQYVCWTVWTJJTFNVYGt JjNV
IFGlJ_QNCSsJ M`OHRHgPHM`OH (ppt) lVYNUQYVQ_Y gJnYLDODYN 1,000 n_QJ VMHKQDODYNFNa_ 1 
n_QJ 
 
����)���� 
���	�� 

1. 
������
���.��
+:�-��.������	"
(�"1)�����
��� �.��	"
(�"%�������,	"���	����"����� ��$"%
  
������������.�.���.����.�.���&$%&�
 .
�
��
�
(�" 4.1 (����.�� %������%��) 

2. 
������
���.��.����������.��%����  �.����  �.��.��%$"
0 (�"����!
	)�.�
��	��7���
 ����%���

�%��.���.� 3 �.��  

 
�����	����!��������	��� 
1. /��

'��/������	&���� 

1. 
������
���.��.���������
%2	��������.��(�"�.������������%����(���/�%��.�)���
  
������)���
(�"��4
���.�.��  ���(�"��4
���
 ������	��7�(��1�  �!��
���%�1��

����%���	��7���
��
 

2. 
������
������
%2	����������
������
���������.�.���)0  �.���%
�������
��	��7���%
������%����$%
����
�.��(�"��������&�('�1)���$%1��  %���
1� 

2. /��
�'���&��/�%��. /�%�
�(+ (Guided Inquiry, ����0�* 4) 
1. ������
������
('��	&����(�" 4 �,$"%���������.�.���.����.�.���&$%&�
 
2. 
������
('��	&��������	*����(�"�'��
)��� )�

�� 
�%
(�" 1 
1) ����%���%�� (II) Q�.�U� 5 ���� .
�
�����%��/
�) 50 cm3 
2) ��	�
�'��.�"
 20 cm3 �
����%���%�� (II) Q�.�U� .�.����) 



243 

3) �(���.�.���
/�% 2 .
�
/�)��)��	����/
�) 100 cm3 ��	�
�'��.�"
&'�
�
�.9�

�%�.
�
�����%���,$"%.��
�%���%�� (II) Q�.�U�(�"�	)%����
�����%�� �.��
'�1��(.

�
/�)��)��	���� ('�Q�'� 2-3 ����
 ����
��&���1�����%���%�� (II) Q�.�U���.$%%����

�����%�� 

4) ��	�
�'��.�"
.
�
/�)��)��	����&
���.�.������	���� 100 cm3 
5) ('����().%
�!�
�)������/�%(�" 1-4 ����,	"���	��7�%���%�� (II) Q�.�U�(�"�!���4
 

10 ���� ��
����.��������(���.��-7�/%
���.�.��(�"������1)�(��
�%
����
 
��
(:� ..
�
�����
(:�(�"���.��.����'��
)�������%
 

�%
(�" 2 
1) �����������%��/
�) 50 cm3 &'�
�
 4 �� 
2) ���
���.�.���%���%�� (II) Q�.�U�(�"������1)�&���%
(�" 1 /�% 5 ����
�����%����

(�" 1 �����7 10 cm3 
3) �!��.%)��))�)���.�.���%���%�� (II) Q�.�U�&�������%����(�" 1 �.����).
�


�����%����(�" 2 &'�
�
 1 cm3 (�����7 20 ��))  �.����	�
�'��.�"
&'�
�
 9 cm3 
�!��(�
�����
�������/����4
�
$�%�)�����
 

4) �!��.%)��))�)���.�.���%���%�� (II) Q�.�U�&�������%����(�" 2 �.����).
�

�����%����(�" 3 &'�
�
 1 cm3 (�����7 20 ��))  �.����	�
�'��.�"
&'�
�
 9 cm3 
�!��(�
�����
�������/����4
�
$�%�)�����
 

5) �!��.%)��))�)���.�.���%���%�� (II) Q�.�U�&�������%����(�" 3 �.����).
�

�����%����(�" 4 &'�
�
 1 cm3 (�����7 20 ��))  �.����	�
�'��.�"
&'�
�
 9 cm3 
�!��(�
�����
�������/����4
�
$�%�)�����
 

6) ��
����.��������(���.��-7�/%
���.�.��(��
 4 �����%��  ��
(:� ..
�
���
��
(:�(�"���.��.����'��
)�������%
 

3. /��
%2	�����.�.
/�%���� 
1. 
������
���.��.���������
�	�������/�%��. �.�%2	���� .����'���&���&�%����

����)9
(�"���.��.����'��
) 
2. 
������
���.��.������� .����'���&���&�%� �.�
'���
%/�%����(�"1)���%�,$"%
�


!��
����
  �)�����%�������
��� ������
%*	���  �����%���
/�%��.&���	&�����.��!�
�.�����(�
�	(��+��������
���
�
/�%����)�
�.��� 

3. �,$"%

������
Q�����/�%�
��� ��$%��
%�
�/�%�	)��9
�,	"���	�  
 
 
 
 



244 

4. /��
%*	����,	"���	��.�.
���.��%��)  
1. 
������
������
%2	��������)9
��%1�
��   

- ��78����,	&��7����.�.���.����('�.�.�� 
- ��������/%
�����/��/�
/%
���.�.���
�
���/%
��%�.��)���.��%

��.  ��%�.��)���.��%��	����  ��%�.��)���	������%��	����  ���
�
,�

���
   

2. 
������
���.��.���!�����
�'�
�7�������/��/�
/%
���.�.��(�"������1)��
�
���
���
�
,�
���
  �
��
�
(�" 4.2 (�����/��/�
/%
���.�.���
�
������
�
,�
���
 

5. /��
�����	
�������
��� 
1. 
������
������
%2	�������&�
'�����������"�����������������.�.�� �.����.�.��

�&$%&�
1��!������!
��
!��	����&'���
1)�%���
1� 
2. 
������
���.��
���1/��$%�����	"
(�"
������
1)�����
����,	"���	��
��
�
(�" 4.1  
3. 
������
������
����.��%��'����(�"��
1��1)��'��%�&����
�
(�" 4.1  

 
�'*��������	��� 

1. �%��������%��������
�
����������
���(�" 3 ��$"%
 �����
!��	����&'���
  
(�
�� 15-18) 

2. ��
�
(�" 4.1 
3. ��
�
(�" 4.2 
4. ���	&����(�" 4 
5. %����7��.��������/%
�	&����(�" 4 

 
�� 
��������	��� 
 - 
 
����!�/ � ����������	/  

1. ���&��
�
(�" 4.1  
2. ���&��
�
(�" 4.2  
3. ���&���	&����(�" 4 
 
 
 
 



245 

hEdF............................................................................       hKcJ........................... 
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2. JciYGDKdJ 
3. IMGCGFLfWJY^ 50 cm3 eiYJQJ 6 gI 
4. GLOIFGHQXWJY^ 100 cm3 eiYJQJ 1 gI 
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 MBCXEXBZ>CLVMLnCSLMcNQ  VM�bqj�gJGYLGK^GL_FJ  biYS�jGjLjNYGKIxDlO]^TRG�n
]�x^LCeJ  biYS�jGjLjNYGKIljJSaJlLEFnYLSLOGFIUYLfIFCJH]^TRG�nUYLfIFJ]^FFG]v^f  JiY]���Y
]^T RDOCSDMdNJnMGLO^Y\DjHVKneYGnMJciYCXjJCSsJnMR^X   n_QJMBCXEXBZ=JMeOVMLn�Y^  DEdJVEF
UDTYNnIa_  VM�bqj�gJGYLGK^GL_FJ  JiY]���Y]^T RDOCSDMdNJnMGLO^Y\DjHVKneYGnMR^XCSsJnMJciYCXjJ  
niYlLKInYLbMd]V_CSDMdNJnMGLO^Y\DjHVKnbKcXnFXnMeK^Q_YCSsJnYLDODYNbMdCSsJGDYX   
 nYLbMdghTb^nFIUQYVCSsJGL^-CInWFXnYLDODYN CLMNGQ_Y NGHLG=_=UNCAMaBSCPJ>CL-
=JM (acid-base indicator) x^NGYLCSDMdNJRSDXnMgJnYLDODYNGL^RDOnYLDODYNCInbMd]V_
ClVEFJGKJ DjHVKneK^CSsJFjJ^jCUCHFLfhJj^lJ[dX CSsJnYLbMdnGK^eYG]DCUJ DODYNJciY]^T CVEdFJiY
GLO^Y\VYeP_VeO]^TCSsJGLO^Y\DjHVKnbMdJjNVghTGKJFN_YXRoL_lDYN  JFGeYGJMcNKXVMJciYUKcJeYGoEh
hJj^FEdJt bMdnYVYL`JiYVYghTCSsJFjJ^jCUCHFLf]^T Ch_J JicYUKcJeYGGOlDidYSDMnMV_QX  JicYUKcJeYG^FG
FKyhKJ  JicYUKcJeYG^FGGPlDYI  GYLb^nFI^TQNFjJ^jCUCHFLfClD_YJMc]V_nYVYL`LOIP]^TQ_YnYLg^CSsJ
GL^lLEFCInVYGGQ_YGKJ   LO^KIUQYVCSsJGL^-CInWFXnYLDODYNLOIP]^TeYGU_Y pH v[dXU_YJMcVM
UQYVnKVoKJqfGKIUQYVCWTVWTJWFX]�x^LCJMNV]FFFJbMdCGj^eYG]�x^LCeJbMdRHGHKQFFGVYeYGGL^
LQVHKQGKIJciY  nYLDODYNbMdCSsJGL^eOVMUQYVCWTVWTJWFX]�x^LCJMNV]FFFJVYGGQ_YnYLDODYNbMd
CSsJCIn  niYlLKInYLDODYNbMdVM pH  Cb_YGKI  7 eOVMnVIKHjCSsJGDYX  nYLDODYNbMdVM pH  HdiYGQ_Y  7 
eOVMnVIKHjCSsJGL^  RDOnYLDODYNbMdVM pH  VYGGQ_Y  7 eOVMnVIKHjCSsJCIn  ^KXJKcJ GYLlYU_Y pH 
WFXnYLDODYNlJ[dXt FYeeOHTFXghTFjJ^jCUCHFLflDYNt hJj^VYb^nFI RDTQJiYWTFVaDVYQjCULYOlf 
pH WFXnYLDODYNL_QVGKJ  RH_QjqMJMc]V_nO^QGgJGYLghT   e[XVMGYLJiYFjJ^jCUCHFLflDYNt hJj^ v[dX
CSDMdNJnMgJh_QX pH H_YXt GKJVYpnVGKJgJnK^n_QJbMdClVYOnV CLMNGQ_Y NaJjCQFLfvKDFjJ^jCUCHFLf  v[dX
nYVYL`CSDMdNJnM]^TgJnYLDODYNbMdVM pH H_YXt nYVYL`ghTIFGU_Y pH WFXnYLDODYN]^THKcXRH_ 1~14   
JFGeYGJMc GYLLOIPU_Y pH bMdDOCFMN^`aGHTFXFMGQjqMlJ[dXFYeghTCULEdFXVEFQK^bMdCLMNGQ_Y pH VjCHFLf x^N
eOIFGU_Y pH CSsJHKQCDWbMdlJTYSw^ e[X]^TU_YbMdDOCFMN^GQ_Y 
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	!�����&�' (physical property) 
6�� 8=� ��7�+,0�������2�����8�����+�6E("���B� &��
�/)�B��
��9:-;� (�� �AB( �8�(- �/)�B�� �� �
,2( �� ���

-
�  &'������ &'��6
���6
. ���(3�!.�����( ���(3�
"**G� !.�����(
H� !.��6(�
(B( 
 
 
 
 
 

           2. ����
	!���(�� (chemical property) 
6�� 8=� ��7�+,��2���2 .0�����7��!#)�-��7;� 5(0����� 


-�����,�)I,�,�, ��!�� �AB( !.���)@(���-�7� �����,�
���56�B ����<�"6�� ����
� +�.��,��)@(���56�B ���
�-�7,�   



 
 
 
 
 
 
���������	
��
�����	��������������	���  
�����	������������
������ !�������
���"#����	������	������������ $��"��
���!�%��������&� �������"��	�������
����
�� $���������'�
�����	��� (���	�)����
	�����������*�&�
�"#������$ ��	�)��!�%
	���+��&�,�����- '��'��  �������"��	���������
 �������������

��$�	��	�.�'������ 	/�� ��
��0�  	��������  ��������	������'� 	/�� 
��� 1�	�����������  ���	�������	��.�  
���	2�'������	/3��	%���  

  



 
 

���	������������ $��"�����!�%������ 

�'�������	������������
������ ���
��� '�����������	������� ��&���4�	�)����
	����������	5%���1������$�67�!�����
	"���$�� �����*"#������$ 
3��1��!�%	���'��
���� 	/�� �����	�������#�  �����������
	��3����  
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2 ���
�������� 
 

 5(�
�0����������+B��C �)@(&3�(.(��� ���7��A(,�����7�+,!
�� ��(  
+B7��A(,�����7�+,

+�+B����(  �	�2�!.���-�.�5(���D=�9�!�(!.��&=�+��������&��6�.�6�/B0����� �� 5A���7�+,+B��C 
0������)@(��:J# �AB( �8�(- ��  
��9:-�(�4����  0(��0���(';�!  !.��7�,�'�K,L  ���
-
�   ���(3�
"**G� 
  
 2.1 ���
��������
���)��������� 

  
 ���+B��C ��7+�.��� /B 3 �8�(- "��
�B 0��
0E�  0���6
.

-
�M�  ���&��6�.�6�/B���+��
�8�(-56�	,&��:�&����7�+,���+B�")(�4 
 

1. �����*� (solid ; s)  �)@(�8�(-0�������2���/)�B��
(B(�(  �(�2��&�����
�'
 =��6(�2 .
��(� B��
(B(6(� )�,��+�!���2 �AB( �6
E�  6,(  �,(  "��  )/(  ��-�7�4��  ��
��  
/��6�E( 

 

2. ����+�� (liquid ; l)  �)@(�8�(-0�������2���/)�B��"�B
(B(�(  �(�2��&�����
�'
 =�
�6(�2 .��(� B��6
.�C �/)�B���)
�2 (
)
�"��+��;�A(-��27��&'  )�,��+�!���2 �AB( 
)���  (43�  (43�6.�(  (43�6��  (43����
� 

 

3. ��,� (gas ; g)  �)@(�8�(-0�������2���/)�B��"�B
(B(�(  �(�2��&�����
�'
 =��6(�2 .��(
(�� ���

-*'G���-&� � B���,��-  �/)�B��

-)�,��+��)
�2 (
)
�"��+��;�A(-��2
7��&'  �AB( 
�M�"1����&(  
�M�1��
� �  ����D 

 
 
 

   
 
 
 
 
 

��'�
� 1  
���
77&3�
�����&���(';�!0��0��
0E�  0���6
.  

-
�M� 
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         �+#��������'	
��-������������)�������.��
���"�&�'/#������ 
 

 

 

                             �.����*�                       �.��                           $��.�� 
 
                  ��������(	/����0

���/���1��+#�.�������������������)��� ����0

��
/����������1�
�������������)�����������	/����  /#��+���$�� 

 

                 

 
 
 2.2 ���
��������
�����2-�������.����  
 
 ���2�	,&��:�&���(�4����&-&3�
(��������)@( 2  �
'B� "��
�B ����(�4���� .

-����(�4�<��  
���&��6�.�6�/B���+��
��9:-0���(�4����56�	,&��:�&����7�+,���+B�")(�4 
 

1.  ������.��/��� (homogeneous substance)  �)@(�����2��
��9:-0���(�4����

-
��7�+,�6���(��(+
���'�����B.( �AB( (43���
��  (43��
�2(  
/��6�E(  (43�+�
���   

�
��1�
#  �6
E�  

2.  ������.�1�� (heterogeneous substance)  �)@(�����2��
��9:-0���(�4����

-
��7�+,"�B�6���(��(+
���'�����B.(  �����8����6E(��!#)�-��7��2
+�+B����(0��
���"��� B��A���&( �AB( 	�,���
��  
��&��  �,(  (43��!
(  (43�
)G��,7  !�(���+ 
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2.3 ���
�����
�����/��4&�(������ 

 
 ���2�	,&��:����+�4�
+B 2 A(,�0=4(")��<����(  �� ���(';�!0�����6(=2�
���� /B�-6.B��
�(';�!0��������6(=2�� B����23�����  ��������8&3�
(��������
B�.����)@( 3 �
'B� "��
�B ���

0.(
�   !�

� �#  

-���
-
�   ��7�+,0�����
+B
-�
'B�	,&��:�"�����(�4 
 

1.  ���������� (suspension)  �)@(����(�4�<����2)�-��7��. �(';�!0��
0E�0(��
���(<B�(D/( #�
��56NB�.B� 10-4 ��. ��-&����-&� � /B5(+�.�
����2�)@(0���6
.6���

�M�   �����2��0(���(';�!56NB���&-����6E(�(';�!"��� B��A���&(  ���2�+�4�".�&-
+�+-��(  
+B8�������2��0(���(';�!�
E�&-"�B+�+-��(�3�56����(�4(0'B(  +�.� B��0��
���
0.(
� ��2	7�6E("��5(A�.,+)�-&3�.�( �AB( (43�
)G��,7 (43�
����� (43��!
( (43��7
"�  

 

 
                    
                  �                              ) 
 

��'�
� 2  �. (43��!
(  

-  0. (43��!
(��2+�+-��( 
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  5(A�.,+)�-&3�.�( ���5A�(43��	�2��3�!.���-����,2�0��+B��C �	��-(43�
-
� ���+B��C "����  
��7�+,���2 .��7���
-
� ���"�����3�56�(43����,2��&��)(� /B��. ���� �,2��&��)(5((43���&�3�56�(43�����7�+,
�)
�2 (")  ���5A�(43��3�6��7�')�;!7�,�;!&=�!.��
���&��
6
B�(43���2�-��� ���,2��&��)(� /B(��   5(��:���2
&3��)@(+���5A�(43�&��
6
B�(43�K���A�+,��2���,2��&��)(���&3��)@(+���
 ��,2��&��)(7���B.(���&��(43��B�( 
 
 
 
 
 
 
  ���
 ��,2��&��)(���&��(43�56�"��(43��-���
�	�2�����')�;!7�,�;!�3�"��6
� .,K� 0=4(� /B��7!':;�	(43���2
+������  (43�5A��3�6��7������
����3�!.���-�����2.")��&

 ��,2��&��)("���� �������
 ����
0.(
� 0(��56NB
���&��(43�  ���+�+-��(���
0.(
� ��2��0(���
E��� 
����+,����7��A(,���2����7�+,�3�56����
0.(
� �.�+�.
��( �AB( ������ 6���"��#��( (III) !
�"��# (FeCl3)  �3�56�
+-��(��2��0(���
E��.�+�.��(

-+�+-��(
 ������  
&��(�4(&=�����
 ��,2��&��)(0(���
E����!��4�6(=2�  �=2�&-"��
(43���2��!':;�	��	��3�6��75A����
����3�!.���-���   
                     (43��3�6��7��2�+�����!.���-�������.B�(43�
5A�  ����3�(43���2�&=���6
� 0�4(+�(

-+���(3�(43����3�56�
)��D&���A�4���!��.   ����3�&���A�4���!5((43��3�"��6
� .,K� 
�AB(�+,�!
���(  <B�(����(
�5((43�  (3�(43�")+��6����
�2(
�	�2�OB�&'
,(��� #  (����� (�����8D=�9�0�4(+�(���<
,+
(43�)�-)�0�����)�-)��B.(;/�,;�!"��&���/);�	 3   
 

 

  �'�C !(��2� /B;� 5(7��( ;� 5(A'�A( ����8,2( +
��&(�'�!(;� 5()�-��D+B��C ��2.�
� 
!.����B.(�B.���(�HG��-.�����9�!':;�	0��(34�

-�('���9#
6
B�(34� �	��-(34�&���)@(���	 ���K���A�+,��2
&3��)@(�3�6��7�,2���A�.,+�'�A�.,+��2� /B7(�
�(�4 8��0��(34��-���

�.�'�C A�.,+7(�
�(�4�E&-��A�.,+� /B"�B"��  
���(�4(&=�+��������&,+�3�(=��B.���(��2&-AB. ��(�/

���9�!':;�	(34�

-�('���9#
6
B�(34�5(K���A�+,56�!�
� /B+
��") 
 

   
 
 
 
����������	
����
� ���� �������������� ��
����������� ��������� !������!"�
��  
�������#$��"��!���!"���������%&�'(�� 
� )*��	���"��(+*���'�������,�-�"-��%����

	�)�!���	
"����"���������(�*".$� 
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� 3  0�4(+�(���<
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2.  (�����/5 (colloid)  �)@(0��<����2)�-��7��. �����2���(';�!0(�����(<B�(
D/( #�
���-6.B�� 10-4 \ 10-7 ��. ��-&� 5(+�.�
����2��&�)@(0��
0E� 0���6
. 6���

�M�    ��������8	7!�

� �#"����2.")5(A�.,+)�-&3�.�( �AB( (���  (43��
��  (43�
)G�
�'�  ��O  6���  !.�("*  H'P(
-���5(����D  

 

                  
                              �. ��,                               ). � �
�-�$                                �. ��%�        

 

��'�
� 4  
���+�.� B�����)�-�;�!�

� �# 
 
 

         ��������	
����
�����  ������
����������������������	 
         ���������������
 ��������!�"���#�����������������#���� 
                                       ����$�	!�"������ 1 

 
!
�
/ 1  )�-�;�0��!�

� �#  
 

0��$)�/��--�"$� �1
��)�/����
� �1
��)�/!���-
/ !���"2
/ 

1.��
�# (Sols) 0��
0E� 0���6
. 
<����!3�5((43�   
�)�+�(5((43� 

2.�,��
A�( (Emulsion) 0���6
. 0���6
. (���  (43��
��  (43��-�, 

3.�&
 (Gel) 0��
0E� 0���6
. .'�(  � 

�2  ��.   ���*Q( 

0��
0E� 
�M� H'P(
-���5(����D 
4.
�����
 (Aerosol) 

0���6
. 
�M� ��O  6���  ��)� #+B��C 

5.�*�0���6
. (Liquid foam) 
�M� 0���6
. *���7/B   !�����(6(.� 

6.�*�0��
0E� (Solid foam) 
�M� 0��
0E� *��(43�  ��E��*� 
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  �	������ (Emulsion) �)@(!�

� �#��2��,�&��0���6
. 2 A(,�<����(
+B"�B<���
��
�(
��(  �=2������85A�.,K�����0 B�� B��
���	�2�56�0���6
.��4� 2 A(,� 
+�+�.�)@(�(';�!�
E�C ��-&� +�.

���� /B�-6.B����(� B����2.8=�  �����-&� +�.(�4"�B8�.�

-���2�+�4��,4�".�0���6
.��4����&-
 �+�.�)@(A�4(
"�B�����8�0����("��  ���(�4(  �	�2�56�0���6
.��4�����0����("��

-"�B
 �+�.�)@(A�4(&=�������+,����7��
A(,���2AB. 56��(';�!0�������4����
���+�.��(� /B"��(�(  ���A(,�(�4 ��� �.B� "�	���6	7������5 
(Emulsifier)" +�.� B��0��!�

� �#)�-�;��,��
A�(

-�����2�3�6(����2�)@(�,��
�,*� ����# "��
�B   
 
      5(������<��6���
���8�. A�� !��7"0��(&-�.�+�.��7(43�

�.6
'������&�����4�<��      
                                       

-8�. A��"���� �� &� '�(����)�����������*�� �3�6(����2�)@(�,��
�,*� 
���     ����# 
 

      5((43��
�� (43���(	�A&-<����7(43������ A/"���� �� 
                                      �+�+����� �3�6(����2�)@(�,��
�,*� ����#  
 
 
   5((43�(��� "0��(��+.#

-(43������8�.�+�.��("�� 
                    �� �� �� �� �=2��)@(�)�+�(A(,�6(=2��)@(�,��
�,*� ����#  
 

   5(��� B� ��6�� "0��(&-
	�B��-&� 

-�.�+�.��7(43� B� "�� 
                    �� �� ������ �)@(�,��
�,*� ����# 
 

  ��7�+,�F	�-+�.0��!�

� �#)�-���6(=2���2�����8(3���5A�5(���+�.&��7���)�-�;�
!�

� �#"�� !��  ����8���-5!	�/���5 (Tyndall effect)  6�� 8=� )���I���:#��2
��+���-�7��7
�(';�!0��!�

� �#

�.��������8����6E(
3�
��5(!�

� �#"��  �(�2��&���(';�!5(!�

� �#��
0(��5�
��!� ���7!.�� �.!
�2(
��  ���2�
����,(���")��-�7�(';�!�6
B�(�4&-��,�����)
�2 (
)
�
�,D���0��
��6�����,������-�&,�0��
��  
 

 
 
 
 
 
 

 
��'�
� 5  
���)���I���:#�,(��

# 
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  5(A�.,+)�-&3�.�(&-	7.B��������6E(
3�
��&���!�"*0:-��27�� ���D��H'P(
-���(�4(
��,�&�������-�&,�
���� H'P(0(���
E�C ��2*'G���-&� � /B5(����D  
���.B�����D��2��H'P(
-����&��)(
�E�)@(!�

� �#  8����������+
��&��"*6(���8 (+#6�����-7��"*F� 5(�.
��
��!�(6
��H(+�56�BC  
&-	7.B�"*�.B��(�� �.B�)�+,  �(�2��&������D5(0:-(�4(��H'P(
-���(�� ���  
����,(���&��

6
B��3��(,�
�����")�)@(���(+���� "�B��,������-�&,� 
 

3.  �������� (solution)  �)@(����(�4���� .��2)�-��7��. ���+�4�
+B���A(,�0=4(")

-
� �.��)@(�(�4���� .��( �� "�B��,�)I,�,�, ��!��  ������B.(0����!#)�-��7
�6���(��(+
����4����
-
� (�4( �(';�!5(���
-
� ��0(�����(<B�(D/( #�
���
E�
�.B� 10-7 ��. ���
-
� ��&)���I5(�8�(-0��
0E� 0���6
. 6���
�M�  +�.� B��0��
���
-
�  �AB( (43��A�2��  (43���
��   (43����
�  (43������ A/   ����6
���  
�M�6'�+��  
����D   

 

 

                ��������(	/������������/	�!��1�������������+�����������
��+*�������
                �����/������(�����/5+���$���'����+
4�/
 

 

 

 

       

 

 
 

 

 
�� 
-��� ����2 .��7��!#)�-��70�����
-
�   ���
-
� 0�����  

-����+�� �

���
-
� &-"���
B�.8=�5(6�.0��8��") 
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��
)���� (�0��+�-�
����1) -+��3
���41(��
��-+�)� NaCl  �-)*�
'
������  ,
$���
)����

#'�����"�	��0��+�-����� (Na+)�
'
�
����1����� (Cl -) 

3 �������� 
  
 3.1 ��(5����������������� 
 

 ���
-
� �)@(����(�4���� .��2)�-��7��. ���+�4�
+B���A(,�0=4(")
-
� �.��)@(�(�4���� .��(
�� "�B��,�)I,�,�, ��!��+����2�
B�.��  �=2���!#)�-��70�����
-
� "�B�����8
 �"����. +��)
B�  
���
-
� )�-��7��. ��!#)�-��7 2 �B.( !�� 
 

 

 
 
 

 
��'�
� 6  
������
-
� 0����
��
�� (NaCl) 5((43� 

 

  1. 
��!������� (solvent)  
                          �)@(�����2
-
� ���A(,���2(  
 

  2. 
������� (solute)  
                          �)@(�����28/�
-
� �� +�.�3�
-
�  
 

 � ��2 �	, & � �:��� � 
-
� � �
� � 
� � 5((43 � 
���
-
� ��2"��5�"�B���� &=��/�6���(.B���
��
��6� ")  
+B
!.��&�,�

�.�(';�!��
��
����-&� � /B5((43�5(�/)0��
"���(  �� ���(';�!0��(43�
�����7� /B ���;�	 3.6 
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!
�
/ 2  +�.� B�����
-
� 5(A�.,+)�-&3�.�( 
 

�
�-�-
" !����
-�-
" !��-�-
" 

(43��A�2�� (43� (43�+�
 

(43����
� (43� (43�+�
  ��<����6��  
�M�!��#7�("����"��# 

(43����� (43� 
�M�!��#7�("����"��# 

�6�� N7�� ���
�� (,���,
 

����6
��� ���
�� ����-�� 

(�� ���
�� ���!3� 

*S.�#"**G� 7,���� +-��2.  ��7'� 


�M�6'�+�� 
�M��	��	( 
�M�7,.��( 


�
��1�
#
���
<
 ���,

�
��1�
# (43� 

 

 &��0���/
5(+���� 2  &-	7.B����
-
� "�B&3��)@(+�����+�.
-
� �	� �A(,���� .  ���
-
� 
6
� A(,����������.B� 2 A(,�
-
� )(��( 
 
 

 
   
 
 
 
 
 
 
 

                
     /"
���1�&�'��(5�������������9��#���������(	/��������	/�/��:�
                
��!������� �'����+
4�/ 
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�����+���)*����
'
��#'!$�������"����"��
���
'
��  �
�"��-��"��)*���"
'
�����)*�
��"(��
'
�� ���� ���
'
�������+���
������
  ���
'
���%�-+������1%����
��'�
����1  ����4+!�����
'
��(+*-+����
�&5���"(��
'
��-��#'
'�)*���"(��
'
���"� 
���� ���
'
���0��+�-�
����1������ -��#'
� �+ � � �&5 ����
 '
 �� � 0 ��+ �-�
� � ��1  

���
'
����&�&��1 (II) 0�
�6������� -��#'
��+���&5����
'
����&�&��1 (II) 0�
�6� 

 

 
 �����,����
-
� &-"�B�����56�B6���)I,�,�, ��!����,�0=4(  ���
-
� &=� ������7�+,7��)�-���
�6���(��7�+,0�������2�)@(��!#)�-��7 +�.� B���AB(  
          (43��)@(0���6
. "�B����  ��
��
���)@(0��
0E� �����!E�        
                                                                ���
-
� ��
��
���)@(0���6
.�����!E�  
 

          (43��)@(0���6
. "�B����

-�
,2(  
�
��1�
#�)@(0���6
.  
                                                                ���
,2( ���
-
� 
�
��1�
#�)@(0���6
.���
,2(
�
��1�
#  
 

          ���7/��)@(0��
0E���0�. ���
,2(�F	�-+�. 	,���(�)@(0��
0E� 
                                                               ��0�. ���
,2(�F	�-+�. ���
-
� �)@(0��
0E���0�.����4��
,2( 
                                                               0��	,���(

-���7/� 
 
 

 � B��"��E+��  ���5�C +�4�
+B���A(,�0=4(")<����("�B&3��)@(.B�&-
-
� �0����("������")  
!.�������85(���
-
� 

-)Q&&� ��2��<
+B����
-
� 0�����&-"���
B�.".�5(6�.0��8��") 
 
 

 ����-7'.B�5(���
-
� �����5��)@(+�.�3�
-
� 


-���5��)@(+�.
-
� �����8	,&��:��� 5A� 
 

  1. �)��� 8����!#)�-��75(���
-
� ��
�8�(-+B����(  �����2���8�(-�6���(��7���
-
� &��.B�
�)@(+�.�3�
-
�   �B.(�����2���8�(-+B��")&�����
-
� 
�)@(+�.
-
�  �AB( (43���
���)@(���
-
� ��2�)@(0���6
. 
)�-��7��. ��� 2 A(,� !�� ��
����7(43� �� ��
���)@(
0��
0E�

-(43��)@(0���6
. ���(�4( (43�&=��)@(+�.�3�
-
� 


-��
���)@(+�.
-
�  
 

   2. ��	��- 5(��:���2+�.�3�
-
� 

-+�.

-
� ���8�(-��� .��(  �����2��)�,��:(�� �.B��)@(+�.

-
�   �����2��)�,��:����.B��)@(+�.�3�
-
�  �AB( 

�
��1�
#
���
<
 )�-��7��. ���,

�
��1�
#��� 
- 
70 (43���� 
- 30  ��4����,

�
��1�
#

-(43��)@(0���6
.  

+B�(�2��&�����,

�
��1�
#��)�,��:����.B�&=�&���)@(
+�.�3�
-
�  

-(43��=2���)�,��:(�� �.B�&���)@(+�.
-
�  
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 3.2 �������������� 

 

 ���
-
� 0�����0=4(� /B��7A(,�0��+�.�3�
-
� 

-+�.
-
�   !.�������85(���
-
� 
0��+�.
-
� 
+B
-A(,�5(+�.�3�
-
� 5�C ��!B����(�� �	� �5�(�4( ������3�6(���:J#".� ���(�4 
 
    �����$/#/� 6�� 8=� +�.
-
� 
-
� "������.B�  1 ����5(+�.�3�
-
�   100 ���� 
 

    �����$/#��*��#�� 6�� 8=� +�.
-
� 
-
� "���-6.B��  0.1 \ 1 ���� 5(+�.�3�
-
�  
                          100 ���� 
 

    $������� 6�� 8=� +�.
-
� 
-
� "��(�� �.B�  0.1 ����5(+�.�3�
-
�   100 ����   
                           6���"�B
-
�  
 
 5(���
-
� 0�����  8�����
-
� ��+�.
-
� � /B���&("�B�����8
-
� �	,2�"�����

�. &-
� /B5(�;�.-��2��� �.B� ���������	��
�� (saturated solution)  �':6;/�,0�����
-
� ��2�)
�2 (")��&
�3�56��;�.-0�����
-
� �,2�+�.�)
�2 (")��.   �(�2��&�����2��':6;/�,�)
�2 (")!.�������85(���

-
� 0������B.(56NB&-�)
�2 (")  ���7��A(,�
-
� "����0=4(
+B���7��A(,�
-
� "��
�
� ���0���/

5(+���� 3 
���  (���&�'�����$/#������ (solubility) �)@(!.�������85(���
-
� "��0�����
�)@(����
-
� &(�,2�+�.5(+�.�3�
-
� 100   ���� : �':6;/�,6(=2�  ���(�4( &-�6E(.B�(��&��A(,�0��+�.

-
� 

-+�.�3�
-
� 

�.  ���
-
� "�����6���(�� 0����� ��0=4(� /B��7�':6;/�,�����.    
 

 

                )#�����������#�.����*�����+������7 1�
��+����+���
�����������#�.���#�� 
       �����$� 
��;	���  
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!
�
/ 3  !B��;�	
-
� "��0������)@(����5((43� 100 ���� ��2�':6;/�,+B��C 
 

�������� (°C) 
�
� 

0 20 60 100 

������ (�	
����
��) 3.0 5.9 24.8 109 

��
��
�� (����� �!
�"��#) 35.7 36.0 37.3 39.2 

&'(�� (!�)�)��# (II) ��
�*+) 14.3 20.7 40.0 75.4 

�,()�-�,. (�	
����� �"(�+�+) 13.9 31.6 106.0 245.0 

)/(0�. (
!
��� �"1����"��#) 0.19 0.17 0.12 0.08 

 
 
 3.3 ����
������������ 
 
 ����+�� ����
-
� �3�"���� ���
-
� +�.
-
� 5(+�.�3�
-
�   
+B5(��:���2�����
-
� 
� /B

�.��&�+�� ����
-
� 56�B�� ����3��)@(���
-
� �&��&����. ����+,�+�.�3�
-
� 
�")  
���
-
� 56�B��2"��&=���!.���0��0�(
�
� 
 �!��2�������25A�5(����+�� ����
-
�  )�-��7��. �!��2��A�2����  

-�')��:#.��)�,��+� 
 "��
�B ��-7��+.�  )S�)++#  7,.��++#  

-0.�.��)�,��+� 
 
 

                                
                              ���6��/0��/0��$7
��$�"�               ��������      ������!�/  )�$��$'���
!�     '8�'!       �����! 

 

��'�
� 7  
����')��:#+B��C 5(����+�� ����
-
�  
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  ����+�� ����
-
� �� ���
-
� +�.
-
� 5(+�.�3�
-
�  ��0�4(+�(���(�4 
   1. !3�(.:6�)�,��:�����25A�5(����+�� � 
 

   2. A�2����+��)�,��:��2!3�(.:"��5�B5(7������#   

�.�+,�+�.�3�
-
� �
E�(��   
       !(&(
-
�  
 

   3. (3����
-
� 5(7������#�,(5�B0.�.��)�,��+�+��0(����2+������ 
 

   4. ��+�.�3�
-
� ��
-(�� �	�2�
��������2+,�!���� /B5(7������#  

�.��
�5(0.�.��   
                   )�,��+� 

 

   5. �+,�+�.�3�
-
� 
�5(0.�.��)�,��+�&(����78=�0��7��)�,��+� 

�.5A�6
��6 � 
       �/�+�.�3�
-
� 7�7
�5(0.�.��)�,��+�&(8=�0��7��)�,��+� (�-.��� B�56���,() 
 

   6. )S�&'�

�.�0 B�56����
-
� �0����( 
 

   7. ��E7���
-
� 5(0.���2�6��-�� 	�����-7'A�2����  �/+��!��  !.���0��0�(   
                               

-.�(��2�+�� �  

 

 
 
    ��&��
& ����������������
����
�'	������$��"�$���������
����
�'	��� 

        ��!�"�����������(��
 (�)������ �) �������"��!
��( 8 
 

 

 
 

��'�
� 8  ����B�(�-��70��0��7��)�,��+� 
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  ����+�� ����
-
� �� ����3��)@(���
-
� �&��&�� ��0�4(+�(���(�4 
   1. !3�(.:6�)�,��+������25A�5(����+�� � 
 

   2. +.����
-
� ��. )S�)++#6���7,.��++#+��)�,��+���2!3�(.:"��5�B5(7������#   
       �+,�+�.�3�
-
� �
E�(�� &��(�4(�,(5�B0.�.��)�,��+�+��0(����2+������ 
 

   3. ��+�.�3�
-
� ��
-(�� �	�2�
��������2+,�!���� /B5(7������#   

�.��
�5(0.�.��    
                   )�,��+� 

 

   4. �+,�+�.�3�
-
� 
�5(0.�.��)�,��+�&(����78=�0��7��)�,��+� 

�.5A�6
��6 � 
       �/�+�.�3�
-
� 7�7
�5(0.�.��)�,��+�&(8=�0��7��)�,��+� (�-.��� B�56���,() 
 

   5. )S�&'�

�.�0 B�56����
-
� �0����( 
 

   6. ��E7���
-
� 5(0.���2�6��-�� 	�����-7'A�2����  �/+��!��  !.���0��0�(   
                               

-.�(��2�+�� � 
 
 �� ��2.") ���
-
� ��2�+�� �"��&-�-7' (�����#��#������������ (concentration)  �� 
����-7')�,��:0��+�.
-
� ��2� /B5(���
-
�   6(B. !.���0��0�(�����(�4 
 

1.  �#����</����
�����  6��� �#����</����  �)@(6(B. ��27���.
0��+�.
-
�  
(����) ��2
-
� � /B5(���
-
�  100 ���� �AB( ���
-
� ����� �!
�"��#�0��0�(��� 

-  10 �� �.
  (10% �� �.
) 6�� !.��.B� 5(���
-
� ����� �!
�"��# 100 
���� ������� �!
�"��#
-
� � /B 10 ���� 

 

2.  �#����</����
����	��
� �)@(6(B. ��27���.
0��+�.
-
�  (����) ��2
-
� � /B
5(���
-
�  100 cm3 �AB( ���
-
� ����� �!
�"��#�0��0�(��� 
- 10 �� �.
+B�
)�,��+� (10% �� �.
+B�)�,��+�)  6�� !.��.B� 5(���
-
� ����� �!
�"��# 100 
cm3 ������� �!
�"��#
-
� � /B 10 ���� 

 

3.  �#����</���	��
�
����	��
� 6��� �#����</���	��
� �)@(6(B. ��27��
)�,��+�0��+�.
-
�  (cm3) ��2
-
� � /B5(���
-
�  100 cm3 �AB( ���
-
� ���

���+,� ((43������ A/)  �0��0�(��� 
- 3 �� )�,��+� (3% �� )�,��+�) 6�� !.��.B� 
5(���
-
� ���
���+,� 100 cm3 �����
���+,�
-
� � /B 3 cm3 
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���+"
�&�'#��"��  %��������-)*��
��".$��"�-
�!�-!��!�����
'
��#'%��� +� �"� � �&5 �
���
'
���!�-!��	�)����
'
���#)�#���(������  

���
'
���!�-!�� (concentrated solution) 
	-��.$� ���
'
��(+*-+��"
'
��&�
-�4-��

'
����������"(��
'
��  ���	��% ���
'
���#)�
#�� (dilute solution) 	-��.$� ���
'
��(+*-+
��"
'
��&�
-�4����
'
����������"(��
'
�� 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

    �����	
���
�����  ����������#+�������������������������������
��!������� 
    ��	/
���  �#��+���$�� �����$� 

 
 
 
 
 
 
 
 
 

 ���
-
� ��2��!.���0��0�((�� ���C  
(, �7��!.���0��0�(�)@(6(B.   ������'������ 
(part per thousand, ppt) 6�� !.��.B�  
5(���
-
�  1,000 �B.( ��+�.
-
� � /B 1 �B.(  
6��� �������#������ (part per million, ppm) 
6�� !.��.B� 5(���
-
�  1,000,000 �B.(  
��+�.
-
� � /B 1 �B.(  6(B. (�4(, �5A�5(���7�� 
)�,��:
�M�	,95(����D  )�,��:��
��5((43���25A�
�
�4 ��'���'
��3� 
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4 ��������� 
 

 
 
 

 ���+B�� C ����.�� /B��7�����2( C 5(�/)0�����<���(�4���� . 6������<��"�B�)@(�(�4���� .  7��
A(,������8(3���5A�)�-� A(#"���� +�� 
+B7��A(,�&-+���
 ����&����(�B�(&=�&-(3���5A�)�-� A(#
"��  ���
 ������2<����(� /B�����8�3�"��6
� .,K�  &-5A�.,K����5�0=4(� /B��7��7�+,�F	�-+�.0����� 
!.���6��-�� ��!#)�-��7 !.��)�-6 ��

-!.���-�.� 
 5(A�.,+)�-&3�.�(��.,K����
 ������. .,K��B� C �AB( ���HQ�0��.�	�2�
 �
�
7

-�,2��&��)(��2(C 
���&��0��.���  ���!�4((43�<
"�����&��<
"��   ���
 �(43���� �����&��+�(���  (43���� ��2"�����2�
(3�")�!�2 .&(
6��&-"��(43�+�
���   6������+��57�+ 5((43����("��(43�57�+ ���0� .�B�( ���
,2(6�� 

-��
��A�+,�F	�-+�.  5(��:�0�������2<����(� /B��
��9:-�)@(�(�4���� .  ��&&-+���5A�.,K������2(C ��2��!.��
��7���(0=4(  +�.� B��+B�")(�4�)@(.,K����
 ������ ��D� ��7�+,�F	�-+�.0�����+����2(����� ("����� (�� 
 

            
 
 
 
 
 
 
 
 
 

��'�
� 9  (43�<��

-<
"����2"��&�����
 ������. .,K��B� C 
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             �)����������,����-�'��
 	
�' ���.�
�/�	��!�  �$�����$����� 
     �)�����' ���.�
��������&�����,��	����)�0�$1�������/�2� ����
& 
 

 

        
 

 
 

 

 

         
 

 

  
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 

 

 

 

 

��'�
� 10  ���+�<
=� 
 

 
WFXClDQbMdClDEFeYG
GYLHGpD[G 

 
 

4.1 ���
�1�>� (crystallization) 
.,K�(�4�6��-�3�6��7����3�0��
0E���2���,2��&��)(<��� /B56�7�,�'�K,L�� 
-
� 5(+�.�3�

-
� ��2�6��-����2�':6;/�,�/�  �������
-
� ��2"��0:-���(�	�2��3�&���,2��&��)(���  


�.)
B� ���
-
� 56�� E(
� ���
-
� (�4(&-+�<
=�"��0��
0E���2���/)�����0�!:,+  
+�.� B��0��+�.�3�
-
� ��2(, �5A� "��
�B ����(�
 
����+( !
���*��#� ������# 

-
)S�+��
� �������#

-(43�  6
������
���+�.�3�
-
� 56��6��-�� �����(�4 
 

 - +���
-
� �����2+������&-�3�56�7�,�'�K,L"�����5(0:-��2���(   
   
+B
-
� "��(�� 
�5(0:-� E( 
 - 
-
� �,2��&��)("��(��  
 - ��&'������+23�6���"�B�/�(�� �	�2�&-"���3�&�����"���B� 5(0:-��2�3�<
=�56�
6�� 
    - "�B�3�)I,�,�, ���7�����2+�������3�56�7�,�'�K,L 

nYLDODYN
FjdVHKQ 

GLFXnYLDODYN
bMd] T̂WkOLTFJCoEdF
GiYeK^njdXCeEFSJ 

HKQDODYNU_FNt 
FFGeYGnYLDODYN
VYCGYObMdCV�^pD[G 
biYglTgly_W[cJCGj^
pD[GbMdnVIaLkf 

WFXClDQbMdClDEFeYG
GYLHGpD[G 

HKQbiYDODYNLOClN 
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���� (crystal) 	-��.$� !���!7�(+*-+��&(����!��4
�(+*������  -+!�%�&5��������  -+�	
+*�-(+*�-
����#��
',
"	�����+�%�%� ��"���������  
 

��������	
���
���� (��
)����)        ���������� -+
���4'�&5���&�&��	
+*�-      ��������	 -+
���4'�&5���&	��	
+*�-     
-+
���4'�&5��+*�	
+*�-
��%�8�1         &
�� 2 !����	
- 
 
 
 

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 

        
 
 
 
 
 
 
 
 
 

 
 
 
  
                         �                             ) 
 

 

                                      �.                                                  ). 
��'�
� 11  �. <
=���
��
��7�,�'�K#  

- 

                                                       0. ��N�:���2"��&������&� �-"(<
=�0�����A(,�+B��C 
 

    
 

   

NOTE: 
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��#�����3 ���(.- �-�� ��� /� "� �	�,� 	
����
 ��	����)�	�"-$
��1�-��0�$ �-�� (.-���  
-�'�	
����
 	
��' ���	��!��
 "�  ���-�'�	
�&)�	����!��
 �	�,�  ���������������
&�)�0�$1��   
#'4
��������$#���#�)������ 52 �	
#'4
�������
& 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
���#�������������&5���"(��
'
���
�" ��� %"��-+������
� � � �)* � :  � �� �  � � � -� � �  � % � � � �
 � -+ � � � , � -
��(

��
��;�
1 ��)*��#������� )��-��� ��-�
'
����
���� ���
'
������+����
��;�
1  ���#���+����-+������  �;
��0��������������-�����#����"�����: !�� )� ���� 
����-��&�
1-  ����-��!��"� �  ����-��.�*"�	
)�� 

4.2 ������//#��
��!������� (solvent extraction)  
.,K�(�4�6��-�3�6��7���
 ������ ��D� ��7�+,���
-
� 0�����5(+�.�3�

-
�  �� �+,�+�.�3�
-
� ��2�6��-��
�5(�����2���+����������  &��(�4(
�0 B�
��C 6���(3�")+���	�2�56������2���+������&-����
-
� 5(+�.�3�
-
� 
��2����
���".�  �����2����"��&-� /B5(�/)���
-
�   ���(�4(&-+���(3������2"��")

 �+�.�3�
-
� ����B�(��2&-(3�")5A�)�-� A(#�� (3�")�-�6 6���(3�")�
�2( 
+�.� B���AB( �������(43�0,�&��0,�  �������!
���*>

#0��57"��  6
�����
�
���+�.�3�
-
� 56��6��-����7�����2+������
 � �����(�4 
 

               - +�.�3�
-
� �����8
-
� �����2+����������"���� 
+B"�B
-
�     
                 �����2(     
 - +�.�3�
-
� &-+���"�B�3�)I,�,�, ���7�����2+���������� 
 - +�.�3�
-
� �����8
 ����&�������2����"���B�  
               - +�.�3�
-
� "�B�)@(	,9 6��B�  

-����!�8/� 
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     �$�����
 ����0�$�����������$#�0��&)���	���������&)�0�$ �-�� ��' ����0	$           
                      ���-�'��)�"�$0	���	����������������#1��"-$��#�������0�$  #'4
���������
������
&                    �������&)��2��$��"-$#'4
������ �52 �	
#'4
���������0
�
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4.3 �������� (distillation)  
.,K�(�4�6��-�3�6��7����3�0���6
.56�7�,�'�K,L  �� �3�56�0���6
."����7!.�����(&(
�
� �)@("� 

�.�3�56�!.7
(B(�
�7���)@(0���6
.���  (��&��(�4 ���)@(���
 �0��
<����2�)@(0���6
.��70���6
. 6���0��
0E���70���6
.��2<����(�)@(���
-
� �(�4�
��� .���&����( �� ��D� !.��
+�+B��0��&'������ (&'������!.�+B����(����.B�  
80°C)  �3�6��7����
�2(0��<�� 0���6
.��2��&'������+23�&-�
� �)@("�
 ������
�B�(  0���6
.��2��&'�������/��.B�&-
 ������;� 6
�� �AB( ����
�2((43��-�
  �=2�
)�-��7��.  (43� (&'������ 100°C) 

-��
��
�� (&'������ 1,413°C)  ���2����
-
� 
"����7!.�����((43�&-�
� �)@("�������B�(  ���2�"�(43�<B�(�0��")5(�!��2��!.7
(B(�=2�
��(43�� E("6
�.� (+
���.
� "�(43�&-!.7
(B("��0���6
. !��(43�7�,�'�K,L�����  
5(0:-��2��
�� ��!�� /B5(���
-
� 5(0.��
�2( 8�� ��!��
�2(+B�")&(
6��&-�6
��
+B
��
��� /B5(0.��
�2( &=��3�56������8
 �(43���7��
�����&����("�� 
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     �������$	�����1��"-$��#�����3 ���(.-�
6���#�
����� �-�� �'�    
       ��0��$ "�	���!� �,��0�$��' ���	�����-��'���(.-��!�"������  
       ����$	��#�����3 ���(.-���)�"�$�&)�	����	�����"�(.-��������	�       
       ����#���	. ���7��!	'�!��2&�����������&��������0�$�
�2&�  �����&��2�	
  
       #'4
����8(���
 ������������������$#���#�)������ �� ��.�  
       ������ ��$#�0��&)� 52 �	
#'4
���������0
�
& 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

��'�
� 13  ��������� ����
�2(��. "�(43� 

4.4 ��������/#��$��.�� (steam distillation)  
����
�2(��. "�(43��)@(��!(,!� B��6(=2�0�����������. +�.�3�
-
� ��2��� �.B� ���
���/</���������/#��$��.��  �� ��D� ��7�+,0��!.����("��)@(+�.	�"�0�����
��2+���������������  �B.(56NB����
�2(��. "�(43����&-5A���������,(��� #���&��
�B.(+B��C 0��	�A��2� /B+��K���A�+, �AB( �������(43���(6���-�6 &��+-"!��  57
�-��/�  ��������� ����
�2(��. "�(43���D� 6
�������2.B� �����2+����������&-+���
�-�6 "���B�   �����856�"�(43�	������&��0��<��"��

-�����2����"��&-+���"�B
�.��)@(�(�4���� .��7(43�6���"�B
-
� (43�  0���6
.��2"��&-
 �����)@( 2 A�4( A�4(6(=2�
�)@((43� ���A�4(6(=2��)@(�����2+������ �=2������8
 ������4�������&����(�� 5A�
��. 
 � 
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  !
�
/ 4  +�.� B���B.(+B��C 0��	�A��25A�����(43���(6���-�6  
 

!���"2
/�60 �2��!2
/= ����0%���$� �
����������" 

+-"!��  +-"!��6�� ��757 

 /!�
,)+��  ��-�	��  �6�-	� 57 

�'6
�7��N  �-
,  ��-����� ��� 

����.�  &3�)�  &3�)/(  ���;� ��� 

&�(��#��D <
 

�-��/�  �-(�.  ��� �)
���0��<
 

��-.�(  ��(	
/ ��
E� 

&�(��#  �(  �U9:� �(�4�"�� 

�7�A   ����� � �)
���"�� 

0,�  0B�  "	
 �6��� (
3�+�(5+��,() 
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�����.&���
�#���-�'����	
����
������(
��-�'���
�#��.�	���#����2 �   
����
�����  #'4
������������
�������������.&���
�#������
&����)�0�$ 
1��"-$#'4
1��	�1�����9:�����; ����
&  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

��'�
� 14  �!����+���*>��-��9 

4.5 <(���<!���7?���/�2 (paper chromatography)  
�!��������*> 
)
.B� l���
 �����)@(��m (The production of color scheme) .,K�
(�4�6��-�3�6��7���
 ����

-���.,�!��-6#�����2��)�,��:(�� �� ��D� !.��

+�+B��5(���
-
� 

-����/���7  ��!#)�-��7��2�3�!�N0����!(,!�!������
��*>)�-��7��. 
��!������� (mobile phase) 

-
��/"/6�� (stationary 
phase) 6������ �.B���-��9�!��������*>   �� ���(3�0��<����2+������&-
 ���

-
� 5(+�.�3�
-
� ��2�6��-��

�.&'�
�7(+�.�/���7 )
B� 56��!
�2�(��2")7(+�.
�/���75(�-77)S�  �(�2��&�����
+B
-A(,���!.�������85(���
-
� 5(+�.�3�

-
�  

-���8/��/���77(+�.�/���7"��+B����(  �3�56��!
�2�(��2"����E."�B��B���(

-

 ����&����("��  �����2
-
� 5(+�.�3�
-
� "���� 

-8/��/���7(��  &-8/�+�.�3�

-
� 	��!
�2�(��2������B�(  5(0:-��2����=2�
-
� 5(+�.�3�
-
� "��(��  

-
8/��/���7���&-�!
�2�(��2�����;� 6
��   ,2�5A�+�.�/���7��� C �E&- ,2�
 �������
&����("����  
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 +�.�3�
-
� ��2��!.�
-
� �����2+������
 �"��"�B��B���(  

-+�.�/���7��2��!.��/���7�����2
+������
 �"��
+�+B����(  5(�-77��2�
���"��� B���6��-�� �����2
-
� "����&-8/��/���7"��(�� 

-���
��2
-
� "��(�� &-8/��/���7"�����  &-�3�56�
 ����<�����&����("����  
+B8�������2+������
 �
-
� 


-8/��/���7"��5�
��!� ���(�E&-
 ����&����("��"�BA���&( 
 
��!�������!���	����#  "��
�B  �1���(  )S�+��
� �������#  "��!
�1���(  �7(��(  
����+(  
!��#7�(�++�-!
�"��#  !
���*��#�  

-��K�(�
 
 
��/"/6��!���	����#  "��
�B  �
/�,(��&
 (Al2O3)  

-�,
,���&
 (SiO2) 

 
 
 
 
 
 
 
 
 

 
�#�/����<(���<!���7? 
 

  1. 5A�����76���
 ����+�.� B����2��)�,��:(��  C "�� 
  2. 5A�
 ���!#)�-��7+B��C 5(0��<����4���2����

-"�B�������&����("�� 5(��:���2
 �"��
�����2"�B�����E�����8+�.&��7.B����(�4(� /B��2+3�
6(B�5�"���� (3�
<B(�!��������*>��F� ��. ����� /.�  
6���	B(��. ����!��  6����75("�0��"�����(��2�,2�+�. 
  3. 5A�.,�!��-6#"����4����()�,��:

-���(!':;�	 �
B�.!�� 5A�5(���+�.&��7.B������2
 �
"��
+B
-A(,�(�4(��)�,��:��B�5� 

-5A�5(���+�.&��7.B������2
 �"���)@(���5� 
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5. ����������/-���  

 
 

 
 
 
 
 
 
 
 
 
 5.1 ����
	�����/-��� 

 
  ��/ (acid) ��&��;�9�
-+,(.B� acer  �=2�
)
.B� l�)��4 .m �����2��� /B5(��6��7��A(,�
�3�56���6�������)��4 . +�.� B���AB( <
"��+�-�/
��� �AB( �-(�. ��� ������,+�,�

-���
��!��#7,� 
(.,+��,(��)  ��������8�)
�2 (����-��9
,+���&����(43���,(�)@(��
��  ��U�K,L5(��������B�(  (3�"**G�"��  
�3�)I,�,�, ���7�
6-�B.(56NB��,��)@(��
��

-
�M�"1����&( (��,����<'��B�() (��&��(�4 ���3�)I,�,�, �
��76,()/(6������)�-��7!��#7��(+"����
�� 
�M�!��#7�("����"��# 

-(43� (��,�����=���B�() 
 

  ��������(���������#   
                 &��������&!�/����� 
                 ���
4��+��!��������
	 
                 ��:���/ �'����+
4�/  
  
��;	��� 

 
 
 
 

 
 
 
 
 

  ���(�4(&=�+����-����-.��5(���5A��!��2�����
6����')��:#��2�3�&���
6-"�B56����<����7���  

-���2�5A�
(43� �
���6���(43���2������)@(�B.()�-��7+����-����-.��
� B�5A�(43� ����	�4(��-�7�4���!
��76���6,(�B�( �=2���
!��#7��(+�)@(��!#)�-��7

�.�,4�".�56��-������+��
�O9:�  
+B!.�5A��D9<��A'7(43� ��AE�8/+��7�,�.:��2��)��
���C (�� �.�8'���� ��) 

�.��7
�����. (43���(�� 
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<������-��.(��
���
���6=

1(+*-+������
�%�-� (���	� )��������'	1��"�����-����  .��<�
�����
�-��
'�'�-���	
������#'(���	����"1
������� 	�)�.������<��+��'�-�������
� #'(�� 
�	��
�-+�-%��
�&5���� 0$*��-��	-�'������
�#�
3��
%��!�� )� (���	� )��	
������������ 

 
 
 
 
 
 

 

 

  ��� (base) �����8�)
�2 (����-��9
,+���&����
���)@(��(43���,(  (��&��(�4 ������7�+,
��2(C "��
�B ����H��  
�2(���!
�� �7/B  ��U�K,L5(��������B�(  

-(3�"**G�"�� +�.� B���AB( (43��7/B (43�0�4�8�� 
(43�)/(5� 
 
  �3�6��7�����2"�B�)
�2 (����-��9
,+�����4���
��

-��(43���,(&���)@(�����2����7�+,�)@( ���� 
�AB( (43���
��

-(43��
�2( 
 

    
 
 
 
 
 
 
 
 

��'�
� 15  ��-��9
,+��� 

 
  (��&��(�4 ��������=���B�(0��	�4(<,..���'


-��!����2�������. 6,()/( 6,(�B�( 6����6
E� �.���4�
 �(	�6(-��2�3���. �6
E��(�2����&��H(��� (acid rain)  
(43�H(����7�+,�)@(����
E�(�� �(�2��&����!��#7�("����- 
"��#
-
� � /B  
+B����
	,9 �AB( ��
�*��#"����"��#

-
"(�+��&("����"��# &�����"**G� �����(�'+��6���� 


-�B�"���� �8 (+# �3�56�(43�H(�)@(������0=4(&(� /B5(
�-��7�=2������8�����B�(�
6-

-�3�
� �,2��B��������2��6,(
�)@(��!#)�-��7 

 

�������� 

���/�2
�	
��� 
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�-%��
����&
+*���+�+���-��.����&��������
(����	����������&
�����  (���	���	��-+�+
�"���- ���� �����������#�������3��� (���	�
!�--+�+��� (����� (+*�&5�����
7�����) �+
-�"� (����� (+*�&5��
��) 	�)��+������
� (��
��� (+*�&5��%��
7�����) ���������0
��
� 
(����-'��") 	�)��0��+�-�;����#����1%���� 
(,�6�) �����&��%��� �"�-�&5����-�%�
!����	�� 
 

 
 5.2 ���!/���(�����:���/-�������������� 

 
  �����25A�����7!.���)@(���-�7�0�����
-
�  ��� �.B� �	�/	�(�
��5���+�����/-
��� (acid-base indicator) �� ����)
�2 (
)
���5(���
-
� ���

-���
-
� �7���2"�B�6���(��( 

,+���&���)@(�,(�,�!�+��#A(,�6(=2� �)@(�����2����&��"
�!( 
-
� (43�"�� ���2�(3���-��9��&'B�&-"���)@(
��-��9
,+�����2(, �5A���(� B��
	�B6
�   (��&��(�4 ����(43�!�4(&��	�AA(,���2(C ��2�����8(3���5A��)@(
�,(�,�!�+��#"�� �AB( (34�!�4(&���-6
32�)
����B.�  (34�!�4(&�������NA�(  (34�!�4(&������'6
�7   
 
 
 

   ��������(	/�����'����	/�/����#��!�������) 
   �������#��:��	�/	�(�
��5  ����������������� 
   ��:������$�   

 
 
 
 
 
 
 

 
 
 
 

 
  <
�������7��7�+,!.���)@(���-�7� 
0�������. �,(�,�!�+��#A(,�+B��C +����2�
B�.�������8 
7��"���	� �.B����(�4(�)@(���6����7�  ��"�B�����8�-7'"��.B� 
���5�����7�+,�)@(���6����7�����.B���(  ���7���-��7!.���)@(���-�7�0�����
-
� 0=4(� /B��7
!.���0��0�(0��"1����(� �"���( (H3O

+)  �=2���,�&��"1����&(��2
+�+�.�����&������.�+�.��7(43�  
���
-
� ��2�)@(���&-��!.���0��0�(0��"1����(� �"���(����.B����
-
� ��2�)@(�7�  ����-7'�-��7
!.���)@(���-�7�0�����
-
� ���&-5A�!B� pH (potential of Hydrogen ion)  �=2�!B�(�4��!.�����	�(K#��7
!.���0��0�(0��"1����(� �"���(   
 
 



304 

 
       ���
-
� ��2�� pH  ��B���7  7 &-����7�+,�)@(����   
 

       ���
-
� ��2�� pH  +23��.B�  7 &-����7�+,�)@(��/   
 

       ���
-
� ��2�� pH  ����.B�  7 &-����7�+,�)@(��� 
 
                          
                      
 ��/���            ����           ������ 

 
  +����2�
B�.�� �,(�,�!�+��#�����8�)
�2 (��5(���
-
� ���

-���
-
� �7���2"�B
�6���(��( 

-�,(�,�!�+��#
+B
-A(,�&-�)
�2 (����2 pH 
+�+B����(���")  0���/

���AB.�����)
�2 (��0��
�,(�,�!�+��#7��A(,�
���5(+���� 5 
 
!
�
/ 5  AB.� pH 0�����)
�2 (��0���,(�,�!�+��#7��A(,� 
 

���$����!��� ������'-��"� 02�/ pH )�/�
��'-��"��� 

���,
����(&# 
���,
��� 

,+��� 
7���"���
7
/ 
*>(�
��� 
*>(�
#*��
�( 

3.2 \ 4.4 
4.2 \ 6.3 
5.0 \ 8.0 
6.0 \ 7.6 
6.8 \ 8.4 
8.3 \ 10.0 


�� - �6
��� 

�� - �6
��� 

�� - (43���,( 
�6
��� - (43���,( 
�6
��� - 
�� 

"�B���� - A�	/�0�� 

 
  +�.� B������)
�2 (��0���,(�,�!�+��# �AB( 8���+,����,
����(&#
�5(���
-
� ��2�� pH (�� 
�.B� 3.2 &-"�����
-
� ��
��  
+B8�����
-
� ��  pH ����.B� 4.4 &-"�����
-
� ���6
���  

-8��
���
-
� �� pH �-6.B�� 3.2 - 4.4 ���
-
� &-�)@(�����  &-�6E("��.B��,(�,�!�+��#A(,�6(=2�C &-5A�7��
!B� pH 0�����
-
� "��� B��!�B�.C ��B�(�4( 5(��:���2�+,����,
����(&#
�")5(���
-
�  

�.
���
-
� �����6
��� 
���.B����
-
� (�4�� pH +�4�
+B 4.4  0=4(") �=2���&����7�+,�)@(��� �
�� 6����7�  
���(�4( ���6�!B� pH 0�����
-
� &=�+�������7��. 5A��,(�,�!�+��#6
� C A(,�  

�..,�!��-6# pH 0��
���
-
� &����0���,(�,�!�+��#
+B
-A(,� 
 
 
 

        0       1       2       3       4       5       6       7       8       9      10     11     12     13     14 

��/ ��� 
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  )#��
	�����������!	���/�����.����/��!���� $������ �� pH = 3 
�$/#�������� 

  ����$� ���)#���������	�/	�(�
��5��:�7?���57!���� 
�$/#������������$�   

 
 
 
 
 
  ���6�!B� pH 0�����
-
� �� 5A��,(�,�!�+��#6
� C A(,��3�"��"�B�-�.�   &=������(3�           
�,(�,�!�+��#6
� C A(,� �=2��)
�2 (��5(AB.� pH +B��C ��<����(5(����B.(��2�6��-��"���)@( �"�	����56��
�	�/	�(�
��5 (universal indicator)  ��2�)
�2 (��5(���
-
� ��2�� pH +B��C ��(  �����85A�7��!B� pH 
0�����
-
� "��+�4�
+B 1 \ 14   /(,�.��#��
�,(�,�!�+��#��2�+�� �"�������8(3���5A�"����4�5(�/)0��
���
-
� 

-��-��9 /(,�.��#��
�,(�,�!�+��# 
 

  ����-7'!B� pH � B��
-��� �8/�+����3�"���� 5A��!��2�����.����2��� �.B� pH �	�
��5 �� &-
7��!B� pH �)@(+�.�
0��26(��)Q� &=�"��!B���2
-��� ��.B� 
 

                    
 

       �. "��������>�-���$����!���                 ).  pH ���!��� 
 

��'�
� 16   /(,�.��#��
�,(�,�!�+��#

- pH �,�+��#  
 
  ���+B��C ��7+�.���
�.(��!B� pH �F	�-+�.  (��&��(�4���
-
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���.���
���	��(+*�&5��%� ���� �!���� ,����'.
� 
�'�� 0$*�-+��� "���
��
���1 	�)������� : (+*
-+��� "���-+� #'(���	�&?���"'�&5��%� (pH 
-���"�� 7) ��"����
'
��(+*-+��"���� pH ��%
(+*��� �)��
)�� ��)*��#���������-+�'%%�"%��-
�-��	���� pH !���
)���&
+*���&
�-����� � )*��	�
���(�����!������0-1�
'�'%%���� : ���������
�&5��&���&��
 

 
 
 
 

 

�"�-�"���!����"� pH -+�"�-��- ���1��%��
�
!�����  ����&?���"'-+��"��"���!�� pH ������� 
5.5 - 7.0  0$*���#-+���	��-�#����	��	�)���(+*
�
��!���& ���� .���
���	��(+*-+��� �&5���� 
������ ,
�-� �����- ��-��� 	�)������&"� "�
���� �
� "
��-
�0+ #'(���	�&?���"'-+ pH �&5�

������ (pH  ≈ 5.5) 

 

!
�
/ 6  pH 0�������7+�.7��A(,� 
 

�
� pH 

(43��-(�. 2.8 \ 3.4 

(43������ A/ 2.5 \ 3.5 

(43����
� 3.0 \ 4.0 

(43���� 3.0 \ 4.0 

�-�0����D 3.8 \ 4.0 

(43���
* 4.8 \ 5.2 

(43�H( 5.5 \ 6.0  

(��� 6.5 \ 7.0 

"0B
�� 7.8 \ 8.2 

(43��-�
 7.8 \ 8.2 

 

!
�
/ 7  pH 0�����
-
� 5(�B���� �('9 # 
 

�
� pH 

(43� B� 5(��-�	�-��6�� 1.6 - 2.5 

)Q���.- 5.5 - 7.0 

(43�
�  6.2 - 7.4 

�
��� 7.35 - 7.45 

(43��� 7.8 - 8.6 
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���:� 
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5.3 ����������/�����������	
���
����� 
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-�7���
7�7����2�3�!�N5(A�.,+)�-&3�.�(  ��� /B
��4�5(K���A�+,

-��2����!��-6#0=4(��5A�
)�-� A(#5(���(+B��C �AB( ��6��   �
���9���!  ����3�!.���-����!��2��5A�  
	�4(6���(43�  �'0;�:J#  

-����3�!.��
�-����B����   +�.� B�����
-
� ���
��2!'�( �! 5(A�.,+)�-&3�.�(  �AB( ���

��!��#7,� (.,+��,(��) 5((43�H��2� (43����   
���
���+,�5((43������ A/   ����,+�,�5(
(43����

-(43��-(�.   ���!��#7�(,�5(
(43�����

-(43����
�   �����
*S.�,�5(
���
-
� ��2� /B5(
7+�+���2   ���"1���
!
��,�5((43� �
����!��2���'0;�:J#

-
5((43� B� 5(��-�	�-��6��   ���"1�)
!
���� 5A��)@( �OB��A�4���!5(6���(43� 
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-
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�7/B

-��-��9  
����B��-7� (43���2�'�+�(   ����� �!��#7��(+6����������<�� 5A�5(���<
,+
��.

-5A�

��!.����-����0��(43�   ����� �"1����&(!��#7��(+6���<�*/ 5A��3�0(�)Q� 

-�)@( �
����   

��(���� �"1����"��# 5A��)@( �
�����3�6��7��!��-�	�-��6��  ���
-
� 
!
��� �"1����"��#6���
(43�)/(5�5A�5(���)��7�;�	!.���)@(���5(�,(  ���
-
� 
�����(�  5A�5(����3�����,()�-�,.  )'V   
	
��+,�  .�+8'�-�7,�  

-����3�!.���-���5(7��( 
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+B
-.�(���5A������2�)@(���-�7�6
� A(,�  7��A(,�� /B5(��6����2�����7)�-��(  ���
5A����-�7�5(����3�!.���-����!��2��5A�  	�4(6���(43�  �'0;�:J#  ����3�!.���-����B����   ���(�4(���
5A������7+�.�6
B�(�4  (��&��&-!3�(=�8=���7�+,0�������2���!
�����7.�+8')�-��!#0�����5A�
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&-+���!3�(=�8=�<
0�����5A������2��&��+B��,2���A�.,+��2(
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.�
�����.   &=�!.�D=�9���7�+,0�����  
.,K����5A�  

-���)G����(��(+�� � B��8/�.,K� 
 

  ���5A����

-�7�&3��)@(+���5A���. !.���-����-.�� �	��-����6
B�(�4&-��U�K,L�����B�(
� B���'(
�� �AB( 5A����
-
� ����� �"1����"��#�0��0�(�3�)I,�,�, ���7�-
/�,�(� � 6���5A����
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����� �-"1����"��#�0��0�(�3�&���D9"0��(��2�3�56��B��-7� (34��'�+�( 6������5A�(34� �
���6���(34��0��0�(
���
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APPENDIX F 
Pictures from the Learning Unit Implementation 
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