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The purposes of this study were to (1) develop the Acid-Base Laboratory Learning
Model based on social constructivism and the connection between the three levels of
chemical representation for upper secondary school students; (2) to study the effectiveness
of the learning model on the conceptual understanding, integrated science process skills,
and attitude towards chemistry laboratory learning; and (3) to study the key factors of the
learning model that affect on students’ learning in the three domains. The participants in
this study were four Grade 11 science classrooms in the 2013 and 2014 academic years.
The two classrooms in 2013 were the control group and the other two classrooms in 2014
were the experimental group. This inquiry was administered in the second semester on the
topic of acid-base. The research procedures were composed of four phases which are as
follows: (I) collecting the preliminary data of the control group, (Il) developing the acid-base
laboratory learning model, (lll) implementing the learning model with the experimental group
and (IV) evaluating the effectiveness of the learning model. The quantitative and qualitative
data were analyzed to test the hypotheses and answer the research questions. The results
indicated that the learning model was effective for use in the chemistry classroom based on
the evaluation of experts. However, the results of the implementation revealed that the
students’ conceptual understanding on acid-base and integrated science process skills of
the experimental group were not statistically significantly higher than the control group at a
level of .05. But attitude towards chemistry laboratory learning was statistically significantly
higher than the high level at a level of .05. Additionally, the finding suggested that for the
use of the learning model to be more effective seven factors should be considered: (1)
completing all steps in the class, (2) preparing students background knowledge, (3)
requiring teacher’s full understanding of concepts and integrated skills, (4) readiness of
learning materials,(5) teacher scaffolding in developing concepts and intergrated skills, 6)

time management, and 7) small collaborative grouping.
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CHAPTER 1

Introduction

Background

Science plays an important role in present and future world communities as it
relates to our daily lives and livelihoods. Science involves technologies, instruments,
devices, and various products which facilitate our life and work which benefit from our
scientific knowledge (The Ministry of Education, Thailand. 2008: 106). Therefore, science
is @ compulsory strand for all students.

However, many research studies suggest that Thai students face difficulties in
learning science and have held misconceptions for many scientific concepts (Dahsah; &
Coll. 2008. 592; Juntarung. 2001: 115; Kaewkhong; et al. 2010: 105; Kuhapensang; et
al. 2013: 101; Panprueksa; et al. 2012: 275; Rojanapong. 2002: 81; Rompayom. 2010:
5; Tanahoung; Chitaree; & Soankwan. 2010: 85-86). Additionally, the results from the
Trends in International Mathematics and Science Study (TIMSS) 2011 at the eighth grade
by the International Association for the Evaluation of Educational Achievement (IEA)(2012:
44) show that Thai students had an average science achievement (451) below the TIMSS
centerpoint of 500 which was classified as being a low level international benchmark (401-
475) and showing declines from the years 1999 and 2007 (IEA, 2012: 61). The students
performed better in biology (460) and earth science (466), while chemistry (436) and
physics (430) were low. The chemistry achievement of Thai students were lower than
average since the TIMSS-1999 (IEA, 2000: 100; 2012: 158). This evidence indicated that
Thai students had not deeply understood chemistry concepts. Thus, school chemistry
teaching needs to be improved and place emphasis more on students’ conceptual
understanding. If students understand, they can make connections and bind together their
knowledge into something that makes sense to them whereas without understanding they
might see only unclear, isolated or unhelpful facts (Wiggins; & McTigne. 2005: 7).

The process skills are a central role in learning with understanding. There are
inseparable in practice from the conceptual understanding (Harlen. 1999: 130). However,
from the literature over the last decade, research on students’ science process skills
pointed out that the development of science process skills of Thai secondary students is
ineffective. Especially, the integrated process skills, for example, Chaiyen; Bunsawansong;

& Yutakom (2007: 11) studied Thai upper secondary students’ integrated science process



skills about chemical equilibrium. It was reported that most of the students’ capabilities of
science process skills were categorized to be unsuccessful; especially, operational
definition, experimentation, and interpretation of data. Nakthong; Anuntasethakul; &
Yutakom (2007: 383) similarly investigated grade 10 students on science process skills
related to cells and cell processes which covered six process skills of basic and integrated
science process skills including calculating, predicting, formulating hypothesis, identifying
variables, experimenting and drawing conclusion. They found that students lacked the
science process skills on basic skills, which are calculating and drawing conclusions, and
integrated skills of formulating hypothesis and identifying variables. The evidence indicated
that upper secondary school students did not perform well on integrated skills.

Regarding attitude towards science, developing a positive attitude towards science
is important, since it is related to students’ achievement in science knowledge (Cheung.
2009: 76; Freedman. 1997: 343; Kahveci. 2015 :283). The research indicated that Thai
student’s attitude towards science seemed to be at the moderate to negative level of
feeling. Pruekpramool; et. al. (2011: 289) investigated the attitude towards science of 250
upper secondary school non-science students. The results found that only nine students
liked science subjects the most from the eight different learning areas. On the other hand,
over 150 students arranged science subjects in the five of eight areas. Many research
studies also pointed out that the students’ attitude toward science generally declined over
the middle and high school years (George. 2000: abstract; Barmby; Kind; & Jones. 2008:
1075).

This evidence suggested that teaching chemistry at secondary school level still
had problems not only in terms of the understanding of concepts, but also integrated
science process skills and attitude towards subject. These were the vital outcomes of
science education (IPST. 2006: 2), and numerous researches had pointed out that these
outcomes were interconnected to each other. Hence, the goal of this study was to seek an
approach for teaching and learning chemistry that may enhance students’ understanding of
chemistry concepts, acquire integrated science process skills, and bring about a positive
attitude towards chemistry.

Laboratory activity or laboratory learning has been an integral component of
learning chemistry or any science since late in the nineteenth century (Gilbert. 2003: 69).
Science educators have suggested that many benefits accrue from using laboratory activity
(Hofstein; & Lunetta. 1982: 201; 2004: 28), including in the following; i) cognitive domain—

enhancement of students’ understanding of scientific concepts and understanding of the



nature of science, ii) affective domain—interest and motivation, and iii) the psychomotor
domain—the enhancement of scientific practical skills. Many research studies suggested
that learning in the laboratory could bring about the three main goals of chemistry learning
(Hofstein; & Mamlok-Naaman. 2007: 105; Ozmen; Demircioglu; & Coll. 2009: 1). For
example, Freedman (1997: abstract) investigated the use of a hands-on laboratory program.
The findings showed that the score on the objective examination of achievement in science
knowledge of students who had regular laboratory instruction was higher than those who
had no laboratory experience, and she concluded that laboratory instruction influenced, in a
positive direction, the students’ attitude towards science, and influenced their achievement
in science knowledge. In addition, in the laboratory environment, there were interactions
between the students and the activity, students and the equipment, students and laboratory
instructions, and students with others (Gilbert. 2003: 79). Additionally, the results from a
study of the Thai high school students’ perspective on chemistry and laboratory learning by
the researcher, which involved 30 high school students in a 2011 academic year from a
school in Chonburi province, suggested that the teaching approach that the students
prefered and enjoyed the most was laboratory learning which they said it was fun, had
helped them to understand the chemistry concepts and enhance their science process
skills. However, in that work only a few experiments were conducted in the chemistry
classroom (Seetee. 2012: 29). Therefore, in this present study laboratory learning is the
focus.

Although the potential of laboratory activity is greatly valued there have been
arguments about the effectiveness of science learning in the laboratory. Some researchers
reported that the teaching laboratory has had little or no effect on student learning of
science (Berry; et al. 1999: abstract; Hodson. 2001: 17-18; Kirschner; & Huisman, 1998:
665; Kirschner; & Meester. 1988: 91-92). The causes of ineffectiveness of laboratory
teaching reported were: (1) scientific knowledge was influenced by socioeconomic, cultural,
and ethical considerations and that the laboratory work was not sufficient in itself to bring
about all the conceptual understanding (Hodson. 2001: 17); (2) in the laboratory work the
students have a limited application of the science processes and teachers do not develop
many opportunities for mental engagement or observation (Berry; et al. 1999: 28); (3) a
lack of linking to what the students already knew (Berry; et al. 1999: 28); (4) the laboratory
work was typically separated from the lecture or theory (Kirschner; & Meester. 1988: 85);
(5) students did not understand the aim and purpose of the experiment; (6) the students

followed the experimental steps without understanding what they were doing and why they



were doing it. (Berry; et al. 1999: 30; Shah; Riffat; & Reid. 2007: 78); (7) using laboratory
work for simple verification of scientific principles already known to the students (Kirschner;
& Meester. 1988: 84) and the verification exercises tended to reduce motivation and the
curiosity of students, and also tended to make students think learning science was just
about learning facts.

However, some research found that the laboratory work was effective in science
learning or had value in the curriculum (Berionni; & Baldén. 2006; Ding; & Harskamp.
2011; Ozmen; Demircioglu; & Coll. 2009; Van den Berg; Katu; & Lunetta. 1994;
Yesgilyurt; Bayraktar; & Erdemir. 2004). Mostly, the effective laboratory learning occured
when activities were based on or integrated with; i) a theory of learning—such as
constructivism (Yesilyurt; Bayraktar; & Erdemir. 2004: 31; Berionni; & Baldon. 2006:
abstract), ii) a learning model—like the conceptual change model (Van den Berg; Katu; &
Lunetta. 1994: 16), and iii) technigues—such as predict-observe-explain (Van den Berg;
Katu; & Lunetta. 1994: 16), jigsaw technique (Jansoon. 2009), and concept mapping
(Berionni; & Baldon. 2006: absract; Ozmen; Demircioglu; & Coll. 2009: abstract). For
example, Van den Berg; Katu; & Lunetta (1994: 15-16) used POE activities that intended to
generate cognitive conflict with individual students and reported that the activities were
effective in facilitating the learning of correct relationships in circuits. Ozmen; Demircioglu;
& Coll (2009: 1) combined the pedagogies of laboratory-based activities and concept
mapping for teaching acid-base chemistry concepts. The research findings suggested that
the laboratory-based applications can enhance student understanding for acid-base
chemistry and it seemed that the visually dramatic and hands-on nature of the practical
work was particularly helpful.

As mentioned above, even enjoyable laboratory activities are not necessarily
always effective in enhancing student learning. However, laboratory activity is generally
useful to bring about the three main goals and most Thai students like such work. The
research studies reviewed indicated that laboratory learning can be more effective, when
combined with pedagogy of instruction. Thus in this study, the researcher was interested in
the model development for laboratory learning in the teaching and learning acid-base topic
to enhance students’ learning in three domains; the cognitive domain—conceptual
understanding, the affective domain—attitude towards chemistry, and the psychomotor
domain—integrated science process skills, in an attempt to solve perceived deficiencies in

laboratory teaching and to integrate with learning theory and strategies.



A learning theory that has potential for guiding teaching in the laboratory is a
social constructivism (Hofstein; & Lunetta. 2004: 32). Constructivism is a view of
knowledge acquisition emphasizing knowledge construction rather than knowledge
transmission (Applefield; Huber; & Moallem. 2001: 37). In social constructivism, learners
construct their own knowledge from the new learning, prior knowledge, and social
interaction. The meaningful learning occurs when students are provided with authentic
learning tasks (Applefield; Huber; & Moallem. 2001: 38). Constructivism views learning as
an active process and stresses the importance of considering what is already in the
learner’'s mind as a place to initiate instruction. Students try to make connections between
the new concepts and the existing knowledge. Social interaction is a vital part of social
constructivism and the notion is that learners actively build their understanding from the
help or scaffolding from other more knowledgeable persons such as teachers, in their Zone
of Proximal Development (ZPD) (Watson. 2001: 140), and these interactions help them to
acquire new concepts. In learning, students are more active in the learning process and
have more fun, and those lead to greater understanding of concepts (Hand; Treagust; &
Vance. 1997: 567). Students have the opportunity to see and use their skills as they
construct their knowledge actively (Kilavuz, 2005: 9). Consistent with several research
studies, it is reported that instruction of chemistry based on constructivism is useful not only
to enhance conceptual understanding, but also to develop science process skills, and
positive attitude towards chemistry (Akkus; et al. 2003: abstract; Kilavuz. 2005: 52;
Seyhan; & Morgil. 2007: abstract). Furthermore, learning with a social constructivist
framework places importance on the relationship of school learning and everyday life
experiences (Pritchard; & Woollard. 2010: 37). For instance, the use of familiar materials
in chemistry instruction appears to enhance conceptual understanding (Gabel. 1999: 550).
According to Phelps (1996: 302), who used materials related to college students’ life, the
research found that using familiar chemicals had a useful effect in that the students
appeared to be more motivated to learn about things related to their everyday life.
Similarly, in Thailand, using everyday materials in the science experiments is said to be
beneficial in motivating and maintaining students’ interest in chemistry learning (Colangelo;
et al. 2009: abstract; Jansoon. 2009: abstract).

Chemistry is often regarded as a difficult subject (Johnstone. 2000: 9; Sirhan.
2007: 2). As many research studies indicated that students’ often lack understanding or
hold misconceptions in chemistry (Nakhleh. 1992; Krajcik. 1991; Vidyapati; &
Seetharamappa. 1995; Schmidt. 1997; Pinarbasi; & Canpolat. 2003; Levy Nahum; et



al. 2004; Kousathana; Demerouti; & Tsaparlis. 2005; Drechsler; & Schmidt. 2005; Chiu.
2005; Sheppard. 2006; Beskeni; et al. 2011). One reason posed as to why chemistry is
difficult is the complexity of the nature of chemistry knowledge (Gabel. 1999: 549;
Johnstone. 2000: abstract). Gabel (1999: 549) stated that chemical knowledge exists at
three levels of representation: macroscopic, symbolic, and sub-microscopic, where no one
level is superior to another, but each complements the other (Johnstone. 2000: 11). The
macroscopic level is the observable chemical phenomena that can include experiences
from students’ everyday lives (such as color change, and observing a new product being
formed and others disappearing). The symbolic level is the way that the chemists
communicate what happens at the molecular level (such as chemical equations, graphs,
reaction mechanisms analogies and model kits). The sub-microscopic level is used to
explain the macroscopic phenomena in terms of the particulate level (such as electrons,
atoms, molecules, and ions) (Treagust; Chittleborough; & Mamiala. 2003: 1354).

In order to understand several chemistry concepts and phenomena, students must
understand chemistry knowledge at the three levels of representations, and see the
connections between the three representational systems (Chandrasegaran; Treagust; &
Mocerino. 2008: 237; Gabel, 1999: 549). Various approaches have been used to help
students understand chemistry at the three levels of representation: technological tool—
multi-media software and computer animations (Chandrasegaran;Treagust; & Mocerino.
2007: 305; 2008. 247; Tasker; & Dalton. 2006; Wu; Krajcik; & Soloway. 2001), laboratory
activities (Chandrasegaran; Treagust; & Mocerino. 2008. 246; Gabel. 1999: 549), and
analogies (Gabel, 1999: 549; Jansoon; Coll; & Somsook. 2009 :151). In the laboratory,
students have an opportunity to perform and observe the changes that occur only at the
macroscopic level (Gabel. 1999: 549). Multi-media software and computer animations
illustrate the changes that the atoms, ions or molecules undergo during chemical reactions.
The use of animations could help the students see the relationship between the observed
changes and the changes at the particulate level (Chandrasegaran;Treagust; & Mocerino.
2007: 247). Similar to the use of multi-media tools, analogies allow abstract concept to
more easily assimilate with students' prior knowledge thus enabling them to develop a more
scientific understanding of the concept (Treagust; Harrison; & Venville. 1998: 85), and
enhance an understanding at the submicroscopic level (Coll; & Tresgust. 2001: 25; Gabel.
1999: 549; Jansoon; Coll; & Somsook. 2009: 151). An analogy involves the comparison
between an unfamiliar phenomenon or abstract ideas and something familiar in order to

explain an unfamiliar phenomenon or abstract ideas (Coll; France; & Taylor. 2005: 185).



Additional teaching with analogies enhances student learning of scientific concepts, and
also motivates students to learn science (Harrison; & Coll. 2008: 3).

One of chemistry topics considered as abstract and difficult to understand for
upper secondary students is acids and bases (Chaiyapha; Chayajarus; & Chairam. 2011:
139; Demircioglu; Ayas; & Demircioglu. 2005: 37). Research studies reported that
students who had considerable difficulty with acid-base chemistry were unable to describe
accurately acid-base concepts such as pH, neutralization, strength, and the theoretical
descriptions of acids and bases. Further, most students could not relate the concepts to
actual solutions (Sheppard. 2006: 32-45) including Thai students. Artdej; et al (2010)
developed a multiple choice diagnostic instrument to assess Thai Grade 11 students’
understanding on the concept of acid-base chemistry. The results indicated that students
did not generally acquire a satisfactory understanding of several acid-base chemistry
concepts, including acid-base theories, dissociation of strong acids or bases, and
dissociation of weak acids or bases. Additionally, Nakasenee; Pimthong; & Pornsilapatip
(2015: 81) studied Grade 11 students’ conception about acid-base and they found that
students still held many alternative conceptions.

As mentioned earlier, this study seeks to find an approach for chemistry teaching
and learning in order to develop conceptual understanding, integrated science process skills
and improve attitude towards chemistry. The learning approach that it is proposed can
develop the students’ learning in three domains simultaneously is laboratory learning, and
literature suggests that the laboratory learning will be more effective if it is integrated with
theory of learning like a social constructivism. Additionally, comprehension of the complex
nature of chemistry knowledge at the three levels of representation is important for
understanding the chemical concepts. Therefore, in this study, the learning model was
developed based on laboratory learning, social constructivist view of learning and
connection between the three levels of chemical representation. The content of this study
focused on acid-base chemistry, a topic for upper secondary students. Thus, this model
was called the Acid-base Laboratory Learning Model. The model was designed to enhance
acid-base conceptual understanding, develop integrated science process skills, and raise
attitude towards chemistry, which was in this study focused on attitude towards chemistry

laboratory learning.



Research Questions

1. Is the Acid-base Laboratory Learning Model based on social constructivism and
connection between the three levels of chemical representations effective in improving
students’ conceptual understanding of acid-base, students’ integrated science process skills,
and students’ attitude towards chemistry laboratory learning?

2. How does the Acid-base Laboratory Learning Model affect students’ conceptual
understanding of acid-base, integrated science process skills, and attitude towards

chemistry laboratory learning?

Purpose of the Study

The purposes of the study are summarized as follows:

1. To develop the Acid-base Laboratory Learning Model based on the social
constructivist theory and connection between the three levels of chemical representation for
upper secondary students.

2. To study the effectiveness of the implementation of the Acid-base Laboratory
Learning Model on students’ conceptual understanding, integrated science process skills,
and attitude towards chemistry laboratory learning.

3. To study the key factors of the Acid-base Laboratory Learning Model that have
an affect on students’ conceptual understanding, integrated science process skills, and

attitude towards chemistry laboratory learning.

Significance of the Study

This research constructed a laboratory learning model based on social
constructivism and connection between the three levels of chemical representation that
place emphasis on using the laboratory learning as an important part of learning. The key
features of social constructivism were used to improve the effectiveness of laboratory
learning, and connection between the three levels of representation was used to enhace
students to gain a deeper understanding chemistry concepts.

This model was not only suitable for the use in acid-base topic but also could be
used or adapted for teaching and learning other chemistry topics that are abstract and
difficult for students in order to enhance students’ understanding of chemistry concepts,
develop integrated science process skills, and improve attitude toward chemistry laboratory

learning.



Moreover, the Acid-base Laboratory Learning Model and lesson plans derived
from this research rigorously concentrated on science learning goals as represented by
national standards (IPST curriculum) so it could be used directly or adapted for teaching

and learning the acid-base topic.

Scope of the Study
Population
The population of this study was upper secondary students who learn the acid-
base topic using IPST textbooks in public schools of Thailand of whom there were about
38,000 students. (The Ministry of Education, Thailand. 2014: online)
Samples
The participants of this study were 11th Grade science students from a school
in Thailand. The school was selected by convenience sampling from the public secondary
schools in Thailand that learned acid-base topic using IPST textbooks. There were four
science classrooms in 2013 and 2014 academic years. The two science classrooms in
2013 were the control group (98 students) and the other two science classrooms in 2014
were the experimental group (86 students).
Variables
1. Independent variables.
1.1 Teaching with the Acid-base Laboratory Learning Model.
1.2 Teaching with the traditional instruction.
2. Dependent variables.
2.1 Students’ conceptual understanding.
2.2 Students’ integrated science process skills.

2.3 Students’ attitude towards chemistry laboratory learning.

Definition of Terms

1. Acid-base means a topic in the chemistry subject that upper secondary science
students must learn. It encompasses contents which include; electrolyte and non-
electrolyte solutions, acids and bases solutions, acid-base theories, conjugate acid—base
pairs, the dissociation of water, the dissociation of strong acids and bases, the dissociation
of weak acids and bases, pH of solutions, indicators for acids and bases, acid—base

reactions, titrations, and buffers.
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2. Social constructivism means the learning theories that suggest that students
construct their own knowledge by being actively involved in the creation of knowledge via
active interactions with the phenomenon. It stresses students’ prior knowledge as a place
to initiate instruction. Knowledge is co-constructed from new learning, prior knowledge and
through social interaction. Learning requires social interaction and collaboration. Teachers
act as a facilitator or scaffolder to provide opportunities for students to make their own
ideas explicit and encourage the generation of conception, to enable the individual to
participate in his or her group or society, and to provide an opportunity to apply the
concepts they have learned. Besides, in-school learning should be related to everyday life.

3. The three levels of chemical representation mean levels of representation in
chemistry which include the macroscopic level, submicroscopic level, and symbolic levels.
The macroscopic level involves the observation of phenomena in the laboratory or through
events in everyday life. The submicroscopic level involves the explanation of the
phenomena at particular levels: atoms, molecules, and ions. The symbolic level involves
explanations by using symbols, equations, graphs, and pictures.

4. Acid-base laboratory learning model means the new chemistry learning model
for the topic of acid-base, which places emphasis on using laboratory learning as an
important part of learning developed by the researcher. This laboratory learning model was
developed and based on the social constructivism and connection between the three levels
of chemical representation to enhance students’ understanding of acid-base concepts,
integrated science process skills, and attitude toward chemistry laboratory learning.

The model consisted of six steps as follows:

Step 1 Introduction: Recap the concept and skills from the last lesson, and
review basic concepts or knowledge needed for learning. Then, students are engaged into
the topic using various techniques and are encouraged to ask questions related to the topic.
Finally, the teacher introduces objectives of teaching and learning.

Step 2 Elicitation: Individual students answer their own question in step 1 and
other questions related to the topic based on students’ prior knowledge and experiences.

Step 3 Experimentation: Students doing an experiment (guided and open
inquiry) in a collaborative group to promote social interactions. The students learn the
chemistry phenomena at a macroscopic level. Students are motivated to use the integrated
science process skills. The teacher acts as a scaffolder to support students while doing

experiments. The experiments use chemicals or materials in daily life.
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Step 4 Connection: Students link the macroscopic level that they have seen in
step 3 with the sub-microscopic and symbolic levels. The teacher acts as a scaffolder to
encourage students to see the relationship between representations. Model, analogies,
animations, and video clips could be used to help students for connection between the
three levels. Then, the teacher provides an explanation to fulfill the knowledge of the topic.

Step 5 Conceptualization: Individual students constructs his/her own concepts
by connecting the concepts of new knowledge, prior knowledge, and knowledge derived
from social interaction. The teacher acts as a scaffolder to help students conduct complete
concepts.

Step 6 Application: Students apply the concepts they have learned to explain
the phenomena in the real world or everyday life. The phenomena include problems in
different situations both conceptual and numerical. The application aims to make learning to
be more meaningful and link chemistry in the classroom with students’ everyday life.

5. Teaching with the Acid-base Laboratory Learning Model means acid-base
instruction according to the six steps of the Acid-base Laboratory Learning Model.

6. Teaching with traditional instruction means acid-base instruction that the
teacher usually used in normal classrooms such as teacher centered teaching, passive
learning, with or without doing experiments, and emphasis on solving numerical chemical
problems.

7. Students’ conceptual understanding means the students’ ability to explain,
give an example, interpret, and apply the acid-base concepts to solve various chemical
problems and phenomena. Students’ conceptual understanding in this study was
determined by the Acid-base Conceptual Understanding Test (ABCUT). ABCUT was
developed by the researcher to include the 12 concepts of the acid-base unit: 1) electrolyte
and non-electrolyte solutions, 2) acid-base theories, 3) conjugate acid-base pairs, 4)
dissociation of water, 5) dissociation of strong acids and bases, 6) dissociation of weak
acids and bases, 7) pH of solution 8) acid-base indicator, 9) reaction of acids and bases,
10) hydrolysis, 11) titration, and 12) buffer solution. The test was a multiple choice format
which consisted of 25 items.

8. Students’ integrated science process skills mean abilities that students use in
their investigation to gain knowledge of some phenomena. The integrated science process
skills composed of identifying and controlling variables, formulating hypotheses, defining

variables operationally, experimenting, and interpreting data and making conclusion.
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Students’ integrated science process skills were assessed using the Integrated Science
Process Skills Test (ISPST) which was developed by the researcher. The questions were
related to chemistry content for students at the high school level. The test was a paper-
and-pencil test and comprised of 20 items of multiple choice with 4 options, and 4 items for
each skills.

9. Students’ attitudes toward chemistry laboratory learning means student’s
positive or negative response to the learning in chemistry laboratory. It also refers to
whether students like or dislike chemistry laboratory learning. The Attitude towards
Chemistry Laboratory Learning Questionnaire (ACLLQ) was used to measure students’
attitudes toward chemistry laboratory learning. ACLLQ was developed by the researcher.
It was developed as opinion statements using five-point Likert scales starting from strongly
agree to strongly disagree. Each statement reflected the feeling of students as to whether
the students like or dislike, or value or not-value when engaging in chemistry laboratory
leaning. It consisted of four aspects which were the importance of laboratory in chemistry
learning, the difficulty of laboratory chemistry, the interest of laboratory chemistry, and the

usefulness of laboratory chemistry.

Theoretical Framework

In this study, the Acid-base Laboratory Learning Model was developed using
laboratory learning approach, social constructivist learning theory and three levels of
chemical representation. The laboratory learning model aims to enhance acid-base
conceptual understanding, integrated science process skill, and attitude towards chemistry
laboratory learning. The details are described below.

Laboratory learning has been proved by many researches to provide many
benefits. It enhance conceptual understanding, science process skills and attitude toward
science, which are the vital outcomes of science education. However, the use of only
laboratory learning in teaching and learning science might not result in the successful
learning outcome which is caused from several factors as follows:

1) Learning without regard of social-cultural influence (Hodson. 2001: 17)
2) Lack of connection between the new knowledge from laboratory learning

and students’ prior knowledge (Berry; et al. 1999: 28)
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3) Doing laboratory work is for confirming the theory or concepts that a student
already knew, not for the construction of their own concept nor for connection of the
concept with theory (Kirschner; & Meester. 1988: 85).

4) Lack of prompting students to apply the science processes skills in
laboratory work (Berry; et al. 1999: 28)

5) Students do not know aims and purposes when doing the experiment
(Berry; et al. 1999: 30; Shah; Riffat; & Reid. 2007: 78).

Many research studies on laboratory learning stated that the laboratory activity
could be effective if it integrated with the learning theory like social constructivism. So in
this study social constructivism was integrated in order to fulfill the deficiency of laboratory
learning.

Social constructivism views learning as an active process from which learners
actively construct their own knowledge. Knowledge building is not lonely, it is a process
created by sharing experiences and discovering meanings together with peers and teachers
through dialogue and interpersonal-social communication. The key features of social
constructivist based teaching and learning are summarized as follows:

1) Students are active learners, teachers act as facilitators or scaffolders.

2) Awareness of students’ prior knowledge and alternative conceptions.

3) Learning requires social interaction and collaboration.

4) Students construct his/her own knowledge from new learning, prior
knowledge and social interaction.

5) Providing an opportunity for students to apply the concepts learned.

6) In-school learning experience should be related to daily life experience

Additionally, the complexity of the nature of chemistry knowledge, which is one of
the reasons of why chemistry is difficult for students, is important. The chemistry
knowledge exists as the three levels of representation which are macroscopic, symbolic,
and submicroscopic levels. The students must understand the knowledge at the three
levels of representation and see the connections between the three representational
systems in order to understand several chemistry concepts and phenomena.

Hence, the laboratory learning model was developed based on laboratory learning,
social constructivism, and the three levels of representation which is comprised of six steps

as follows:
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Step 1 Introduction: Giving basic information that is necessary to use or to
know before learning a particular topic such as objectives/purposes of learning and basic
knowledge.

Step 2 Elicitation: Probing students’ prior knowledge and experiences.

Step 3 Experimentation: Doing experiments in a collaborative group to learn
the chemistry phenomena at a macroscopic level and motivating students to use the
integrated science process skills.

Step 4 Connection: Linking the macroscopic level that students have seen in
the experimental step with the submicroscopic and symbolic levels.

Step 5 Conceptualization: Constructing his/her own concepts.

Step 6 Application: Applying the concepts they have learned in different
situations or problems.

The theoretical framework of the Acid-base Laboratory Learning Model is shown in
Figure 1.

Step 1 introduction was provided to solve deficiencies of laboratory learning in
item 5) that was students do not know aims and purposes when doing the experiment.

Steps 2, 3, 5, and 6 are derived from the features of social constructivism that
could be used to solve the deficiency of laboratory learning particular in the items 1) to 4).

Step 4 aimed to help students understand and see connections between the three
levels of chemical representation.

Furthermore, in Step 3, experiments were designed by using everyday materials
beneficial to motivate and maintain students’ interest in chemistry learning. It also affects to

promote conceptual understanding and a positive attitude toward chemistry learning.
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Learning Approach

Laboratory learning

Educational Theory Complexity of Chemistry Knowledge
- Social constructivism - Three levels of representation
(Pritchard; & Woollard. 2010) (Chandrasegaran; Treagust; &

Mocerino. 2008; Gabel. 1999;
Johnstone. 2000)

Acid-base Laboratory Learning Model

Step 1: Introduction

A\ 4

Step 2: Elicitation

Step 3: Experimentation
Experiments using everyday materials

(Berry; et.al. 1999; Pritchard; & Woollard. 2010)

Formulating

hypotheses

Identifying and Defining Experimenting Interpreting data
controlling variables and making
variables operationally conclusions

Step 4: Connection (three levels of

representation) (Gabel. 1999)

Macro
Symbolic Sub-micro Social interaction
l (Pritchard; & Woollard. 2010)

Step 5: Conceptualization
I

v

Step 6: Application

Figure 1 The Theoretical Framework of the Acid-base Laboratory Learning Model
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Conceptual Framework

The conceptual framework of this study was an attempt to identify the relationship
between the independent variables, which were teaching with an acid-base laboratory
learning model and the traditional instruction, and the dependent variables which were the
students’ conceptual understanding, students’ integrated science process skills, and

students’ attitude towards chemistry laboratory learning as shown in Figure 2.

Independent variables Dependent variables
Teaching approaches - Students’ conceptual
- The acid-base understanding
e

laboratory learning - Students’ integrated science

model process skills
- The traditional - Students’ attitude towards

instruction chemistry laboratory learning

Figure 2 Conceptual Framework of the Study

Research Hypotheses

The related literature review has shown that using laboratory learning (Hofstein; &
Lunetta. 1982: 201; 2004: 28; Freedman. 1997: 343), social constructiovism (Akkus; et al.
2003: 209; Kilavuz. 2005: 52), and connecting the three levels of chemical representation
(Gabel. 1999: 550; Treagust; Harrison; & Venville. 1998: 85) could help students improve
their achievements and skills compared with the control group. Regarding attitude towards
chemistry laboratory learning, the students’ attitude towards chemistry was mostly at a
medium level either before or after the intervention (Rompayom. 2010: 157; Lomarak.
2012: 116) which might be due to the resistance to change of the attitude. In this study, for
the traditional teaching of acid-base topic in the control group, the students did not
experience change in any acid-base experiment. Thus, the attitude toward chemistry
laboratory learning could not be compared with the control group, but it was compared with

the criterion at a high level (3.51).
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Therefore, the hypotheses of this study were:
1. Students’ conceptual understanding of acid-base for the experimental group
would be statistically significantly higher than the control group at a .05 level.
2. Students’ science process skills for the experimental group would be
statistically significantly higher than the control group at a .05 level.
3. Students' attitude toward chemistry laboratory learning after using the

learning model would be statistically significantly higher than the high level at a .05 level.



CHAPTER 2

Review of the Literature

This chapter reviews the available literature dealing with the development of the
Acid-base Laboratory Learning Model for upper secondary students. The review is
organized under the following headings; the goal of science education in Thailand,
laboratory learning, theory of learning, social constructivism, three levels of chemical

representation, and acid-base.

1. The Goals of Science Education in Thailand

The National Science Curriculum Standards in Thailand was developed by The
Institute for the Promotion of Teaching Science and Technology (IPST) under the Ministry
of Education, which is an organization responsible for developing teaching and learning of
the subject matters of science, mathematics, and technology. IPST determined the goals of
science teaching and learning in basic education as follows (IPST. 2006: 2).
- To understand the basic principles and theories of science.
- To understand the scope, limitation and nature of science.
- To have the useful skills to discover and create the knowledge in science
and technology
- To develop and master thinking process skills, creativity, problem solving and
managing data, communication skills and ability of decision making.
- To be aware of the interrelations among science, technology, humans and
the environment that can have an impact on one another.
- To apply knowledge and understanding of science and technology to daily
life and society.
- To realize the importance of using science and technology properly with the
scientific mind, morality, and ethics.
According to the Office of Basic Education Commission (OBEC) of the The
Ministry of Education of Thailand the aims of science learning in the Basic Education Core

Curriculum B.E. 2551 (A.D. 2008) are as follows:
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The learning area of science aims at enabling learners to learn the subject with
emphasis on connecting scientific knowledge with scientific processes, acquiring essential
skills to search and construct knowledge through investigative processes and diverse
problem solving experience, creating opportunity for student participation in all stages of
learning, and organizing various hands-on activities suitable for learners in each level. (The
Ministry of Education, Thailand. 2008: 106)

Therefore, the expectation of science education in Thailand can be categorized
into three domains, which are i) cognitive domain—understanding basic concepts and
nature of science, and applying the knowledge to use in daily life, ii) psychomotor domain—
acquiring essential skills including science process skills, thinking skills, communication
skills, and iii) affective domain—developing attitudes such as realizing the important of
science and technology. Hence this inquiry focused on enhancing conceptual
understanding, science process skills, and attitude towards science that are covered in the
three domains. These outcomes are described as follows.

1.1 Conceptual Understanding

1.1.1 Meaning
“Understanding” is multidimensional and complicated. Wiggins; & McTighe
(2005: 84) have identified the aspects of understanding that are composed of six facets
which are the ability to explain, to interpret, to apply, to have perspective, to empathize, and
to have self-knowledge. Therefore when students truly understand, students

- Can explain—via generalizations or principles, providing justified and
systematic accounts of phenomena, facts, and data; make insightful connections and
provide illuminating examples or illustrations.

- Can interpret—tell meaningful stories; offer apt translations; provide a
revealing historical or personal dimension to ideas and events; make the object of
understanding personal or accessible through images, anecdotes, analogies, and models.

- Can apply—effectively use and adapt what we know in diverse and
real contexts- we can “do” the subject.

- Have perspective—see and hear points of view through critical eyes
and ears; see the big picture.

- Can empathize—find value in what others might find odd, alien, or

implausible; perceive sensitively on the basis of prior direct experience.
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- Have self-knowledge—show metacognitive awareness; perceive the
personal style, prejudices, projections, and habits of mind that both shape and impede our
own understanding; are aware of what we do not understand; reflect on the meaning of
learning and experience.

Many research literatures have variously defined the word “conceptual
understanding”. For example, it is refered to students’ knowledge of basic concepts in a
particular topic (Alao; & Guthrie. 1999: 244; Panprueksa. 2012: 10), and students’ ability
to apply the principles or scientific concepts to explain phenomena in everyday life (Alao; &
Guthrie. 1999: 244; Harlen. 1999: 130; Kang; & Howren. 2004: 29; Nieswandt. 2007:
909). Harlen (1999: 130) defined that students’ can link new experiences to previous ones.
However, Suaalii; & Bhattacharya (2007: 108) pointed out that conceptual understanding
involves being able to represent and translate chemical problems using the three forms of
representation-macroscopic, sub-microscopic, and symbolic.

Based on the perspective aforementioned, it could be concluded that when
students have conceptual understanding, they can explain and interpret the concepts they
learn, and be able to apply for the use in other contexts, problems, or phenomena. In this
study, the conceptual understanding was defined as the ability to explain, give an example
(which is separated from explain), interpret, and apply the concepts to solve various
chemical problems and phenomena.

1.1.2 Research on Enhancing Conceptual Understanding

Conceptual understanding is a crucial and a basic goal of science
education (Enger; & Yager. 2001: 2). Research studies indicated that in order to promote
conceptual understanding, students' prior knowledge must be considered in any classroom
and this should be done at the beginning of instruction (Beskeni, et.al. 2011: 610; Enger; &
Yager. 2001: 2). Students should also have concrete experiences with concepts before
moving to the abstract, and use the concept in a real-life or real-world situations (Enger; &
Yager. 2001: 3). So, the teacher should try to make any science topic relevant to the
children’s lives. Enger and Yager (2001: 3) claimed that students should have an
opportunity to try and to do about science, not just read about science. These are key
facets to bring about the conceptual understanding.

Science teaching and learning involves the macroscopic properties of
phenomena, explaining the macroscopic phenomena and processes using symbols/models,

and understanding the processes that scientists use in inquiry. Therefore, the particulate
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nature of matter should also be emphasized (Gabel. 1993: 193). When the particle level is
emphasized in instruction, this cannot be done in isolation from the sensory level or its
symbolic representation. At least one of the other two levels must simultaneously be
included in the instruction. For example, a teacher may provide worksheets that require
students to link the particulate nature of matter to either physical phenomenon and/or to
chemical symbols (Gabel. 1993: 194).

Additionally, Gabel (2003: 71) suggested some effective strategies for
promoting the conceptual understanding of science including: Learning Cycle Approach;
Science/Technology/Society (STS); Real-life Situations; Discrepant Events; Analogies;
Collaborative Learning; Wait-Time; Concept Mapping; Inquiry; and Mathematical Problem
Solving. The details of each strategy are described below.

- The Learning Cycle Approach: This involves three phases:
exploration, invention, and application. The exploration phase involves providing students
with items that they use to explore a given concept with few directives. An interactive
teacher-centered phase describing relevant concepts follows. After students understand the
concept, they apply it to a new situation in the application phase. The addition of a
prediction phase before the exploration, and an evaluation phase after the application,
makes the Learning Cycle Approach even more effective.

- Science/Technology/Society (STS): STS is an approach to teaching
science that includes developing an appreciation of the interactive natures of science,
technology, and society. STS integrates science concepts with knowledge of technology
and fosters an awareness of societal implications. Through STS, students learn about the
nature of science, scientific inquiry, and good citizenship.

- Real-life situation: One way of representing real-world situations is
computer simulations. A computer not only can simulate what is happening on the
macroscopic level; its models also can show what occurs on the particle level. One possible
danger in using simulations in chemistry is that they can lead to misconceptions. A major
focus of using real-life situations is to improve students' problem-solving skills.

- Discrepant event: In this approach anomalous data are presented to
students, usually by a demonstration. First, students are asked to predict what they expect
to happen before a demonstration and explain why they think it should happen' that way.
Then they observe what happens and are asked to modify their previous explanation. In the
Learning Cycle Approach, the exploration phase can be set up so that students encounter

discrepant events.
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- Analogies: Using analogies in science teaching is reported to promote
conceptual understanding. By comparing the scientific principle under scrutiny with one that
is familiar, a student can gain a better understanding of the principle. In using an analogy,
care must be taken to make certain that students know the limitations of the analogy.

- Collaborative learning: Students work in groups to solve problems,
perform laboratory exercises, or participate in projects, and has positive effects on
achievement. The use of collaborative learning frequently results in increased achievement
scores, long term retention, higher self-esteem, increased conceptual understanding, and
more adept problem solving ability.

- Wait-time: This refers to the time that an instructor waits to call on a
student for a response after posing a question.

- Concept maps: These are schematic diagrams that use words to
show the relation of one concept to another. During instruction, the use of concept maps
requires students to focus on the relationships among concepts. After instruction, teachers
can ask students to make concept maps of the topic studied to determine if they have
grasped the relationship or if additional instruction is needed.

- Inquiry: Students can use inquiry not only to deepen their conceptual
understanding of a given topic, but also to learn the same processes that scientists use in
discovering new knowledge. The essential features of classroom inquiry, include engaging
students through scientifically oriented questions; obtaining evidence related to the
questions; formulating explanations from the evidence; evaluating the explanations in light
of other possible explanations; and communicating and justifying their explanations to
others.

- Mathematical problem solving: Conceptual understanding would be
incomplete without a section on mathematical problem solving in the sciences. Students
who use a memorized algorithm or dimensional analysis (factor-label method) frequently
obtain correct answers, but a correct answer does not necessarily mean that students
understand the concepts. A systematic approach in problem solving results in more correct
answers. If students view understanding chemistry and physics as applying formulas to
solve problems then little will be gained in terms of conceptual understanding.

In conclusion, many strategies are suggested to enhance students’
conceptual understanding. In this study, the strategies, such as considering prior
knowledge, providing an opportunity to have concrete experiences, using collaborative

learning, applying the concepts in a real-life situation, considering the three levels of
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chemical representation, and using analogies, were emphasized in developing the model for
chemistry teaching and learning.
1.2 Science Process skills
1.2.1 Meaning

Science process skills are the tools that scientists use in their investigation
to gain knowledge of natural phenomena (Ostlund. 1998: online). What we know about the
physical world today is a result of investigations made by scientists in the past (Monica.
2005: 12). Nevertheless, Ozsgelen (2012: 283) stated science process skills are the
thinking skills that scientists use to construct knowledge in order to solve problem and
formulate results. Thus, science process skills include both mental and physical abilities.
Akinbobola & Afolabi (2010: p.234) described science process skills to be “mental and
physical abilities, and competencies which serve as tools needed for the effective study of
science and technology”. Additionally, Padilla (1990: online) reported that science process
skills are a set of transferable abilities that are applicable to many other disciplines but
reflect the behaviors of scientists.

In the Thai science curriculum, science process skills are harmonized
within all the indicators of every science learning standard, and are more emphasized in
Standard 8.1 of Strand 8: Nature of Science and Technology (The Ministry of Education,
Thailand. 2008: 128-131). The science processes skills focused in Thai science education
are generally comprised of 13 skills (Rodrangka and Nuankeaw, 1999: 3), which according
to the American Association for the Advancement of Science (AAAS) (American Institutes
for Research in the Behavioral Science, 1971: 1), are observing, classifying, measuring,
using numbers, using space/time relationship, inferring, predicting, communicating,
identifying and controlling variables, formulating hypotheses, defining variables
operationally, experimenting, and interpreting data and making conclusions. They are
divided into two groups: basic and integrated process skills. The first eight processes are
the basic process skills. The last five are the integrated process skills. These skills are
listed and described below (Rodrangka; & Nuankeaw. 1999: 3-5).

Basic Science Process Skills
1) Observing means using any one or combination of the five senses

to gather information about an object or event.
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2) Inferring means making an "educated guess" about an object or
event based on previously gathered data or information. It is an interpretation of what is
observed

3) Classifying means grouping or ordering objects or events into
categories based on properties or criteria.

4) Measuring means using both standard and nonstandard measures
or estimates to describe the dimensions of an object or event.

5) Numbers means counting the number of an object and applying
numbers by their mathematical relationships or finding average value.

6) Space/Time Relationships means a process to describe a location,
direction, shape and size of an object and its changes in a period of time.

7) Communicating means using words or graphic symbols to describe
an action, object or event.

8) Predicting means stating the outcome of a future event as to what
may happen or what is going to happen based on a pattern of evidence, principle, rule or
theory.

Integrated Science Process Skills

9) Identifying and Controlling Variables means being able to identify
variables that can affect an experimental outcome, keeping most constant while
manipulating only the independent variable.

10) Formulating Hypotheses means stating the expected outcome of
an experiment based on prior knowledge that offers an explanation to an event. The
statement shows the relationship of independent and dependent variables and can be
tested through experimentation.

11) Defining Variables Operationally means stating how to measure a
variable in an experiment.

12) Experimenting means the process of conducting an experiment to
find the answer from formulated hypotheses. It is composed of 3 activities as follow:

12.1) designing a fair experiment
12.2) conducting the experiment

12.3) record the results of the experiment
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13) Interpreting Data and Making Conclusions means interpretating or
describing the experimental data and conclusions regarding the relationship between the
variables of the data.

The basic process skills provide a foundation for learning the integrated
skills. Basic science processes are vital for science learning and concept formation at the
primary and junior secondary school levels. Integrated science process skills are more
appropriate at the secondary and tertiary school levels (Akinbobola; & Afolabi. 2010: 33).

Since the sample of this study is the upper secondary school level, so the
science process skills here are focused on the five integrated science process skills
including; identifying and controlling variables, formulating hypotheses, defining variables
operationally, experimenting, and interpreting data and making conclusions.

1.2.2 Research on the Promotion of Science Process Skills

Science process skills are an important outcome in science education.
Numerous research studies have shown that teaching science through the use of hands-on
activities or laboratory work promoted students’ science process skills (see, e.g.,Bilgin.
2006: abstract; Grace. 2007: 1; Nakthong; Anuntasethakul; & Yutakom. 2007: 393; Yang;
& Heh. 2007:452). For example, Bilgin (2006: abstract) used hands-on activities
incorporating a cooperative learning approach to promote science process skills of eight
grade students. The results indicated that students in the experimental group, who
employed hands-on activities along with cooperative learning approach, had better
performance on the Post-SPST scores than the control group. Grace (2007: 2) used a
science ALIVE! programme where in each module the specific content knowledge was
taught using hands-on strategies such as laboratory work, field trips, journal writing and
group discussions. The findings showed a significant increase in students’ science process
skills. Additionally, Nakthong; Anuntasethakul; & Yutakom (2007: 393) suggested that
teachers should provide an opportunity for students to think and do science experiments by
themselves in order to use and develop the science process skills as they are learning.

In conclusion, laboratory learning is an important part of science teaching
and learning for acquisition of science process skills. Hence, in order to develop the
integrated science process skills, the laboratory learning was focused on in the

development of the learning model.
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1.3 Attitudes toward Science
1.3.1 Meaning

The term ‘attitudes’ have various meanings. According to Allport (2008:
21), “an attitude is a mental and neural state of readiness for response to objects to which it
is related”. Oskakmp (1977: 19) defined attitude as a readiness to respond in a favorable
or unfavorable manner to a particular object, similar with Cheung (2009: 76). Cheung
stated that an attitude is a predisposition to respond in a favorable or unfavorable manner
with respect to a given attitude object. The attitude object can be anything, such as
science, laboratory learning, or chemistry. Oskakmp (1977: 10) suggested that attitudes
are comprised of three components: (1) a cognitive component consisting of the ideas and
beliefs which the attitude-holder has about the attitude object; (2) An affective (emotional)
component which refers to the feelings and emotions one has toward the object; 3) A
behavioral component consisting of one’s action tendencies toward the object.

Attitudes towards science mostly are defined as the dimension of pupils’
feelings, and beliefs about the science they encounter (Bennett. 2003: 179; Germann.
1988: 694; Osborne; Simon; & Collins. 2003: 1053). It encompasses interest, enjoyment,
satisfaction, confidence and motivation in science, attitude about scientists, and attitude
towards the use of science (Gabel: 1994: 216, cited in Gardner. 1975).

Hence, generally, the attitude towards science is refered to as a positive or
negative response to science, which science is an attitude object, and also refers to
whether students like or dislike it.

1.3.2 Research on the Promotion Attitude towards Science

Attitudes, like academic achievement, are important outcomes of science
education in secondary school (Cheung. 2009: 75; Kahveci. 2015 :283) and it is one main
goals of the science curriculum (IPST. 2006: 2). The development of students' positive
attitude towards science is one of the major responsibilities of every science teacher due to
two main reasons: 1) attitudes are linked with academic achievement (Kahveci. 2015 :283)
and 2) the attitudes guide students’ learning behaviors (Cheung. 2009: 76)

Attitude towards science is affected by many factors such as gender,
grade level, peer, parents, teachers, curriculum, instruction, cultural and other variables
(Gabel. 1994: 217; Osborne; Simon; & Collins. 2003: 1062-1071; Papanastasiou; &
Papanastasiou. 2004: 241). However, Papanastasiou; & Papanastasiou. (2004: 239)

h
investigated the attitudes toward science of 8"-Grade students in Australia, Canada,
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Cyprus, and Korea, based on recent TIMSS data. The results of this study indicated that
the strongest direct influence on attitudes toward science is instruction. According to
Osborne; Simon; & Collins (2003: 1066) the teacher variables are a significant factor
determining attitude in that the nature of science instruction and the use of teaching
strategies also strongly affected students’ attitudes toward science.

In addition, Myers; & Fouts (1992:936) proposed that the students’
attitudes toward science might be improved by (1) providing more hands-on activities; (2)
providing more student-relevant topics that encourage student involvement; (3) using more
cooperative learning activities to promote student-to-student interaction; (4) focusing on
positive and supportive communication with every student; and (5) using a variety of
teaching strategies.

Specifically, many research studies support the idea of using a laboratory
to develop more positive students’ attitude towards science (Bilgin. 2006: abstract; Foley; &
McPhee. 2008: 1; Freedman. 1997: 343; Rompayom. 2010: 147). For example,
Freedman (1997: 343) investigated the use of a hands-on laboratory program as a means
of improving students’ attitude toward science. The findings indicated that laboratory
instruction influenced in a positive direction the students’ attitude toward science. As well
as that, Foley; & McPhee (2008: 1) found that students in the hands-on classes were
generally more favorable to science and had a better understanding of the nature of
science than students in the textbook classes.

In conclusion, the literature suggested that attitude towards science is
affected by many variables. The literature highlights the crucial importance of instruction.
The laboratory is one type of instruction that could develop positive students’ attitudes
toward science. Moreover, using more student-relevant topics, enhancing student-student
interaction, and using various teaching strategies would improve students’ attitude toward
science. In this study, laboratory learning and student-student interaction were focused in

the development of the learning model.

Apart from a conceptual understanding, science process skills, and attitude
towards science mentioned above, numerous researches pointed out that three main goals
of science education are interconnected to each other. For the involvement of science
process skills and conceptual understanding, Harlen (1999: 130) pointed out that the
process skills have a central role in learning with understanding. These are inseparable in

practice from the conceptual understanding. Learning with understanding in science
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involves using the science process skills such as testing the usefulness of possible
explanatory ideas by using them to make predictions, collecting evidence to test the
prediction and interpreting the results. If these skills are not well developed and, for
instance, relevant evidence is not collected, or conclusions are based selectively on those
findings which confirm initial preconceptions and ignore contrary evidence, then the
emerging concepts will not help in the understanding of the world around. Feyzioglu (2009:
123) found that there was a positive relationship between the students’ course achievement
and science process skills used in laboratory applications. Additionally, attitudes toward
science are linked with academic achievement. Freedman (1997: abstract) and Salta; &
Tzougraki (2004: 544) found that there was a positive correlation between students’ attitude
toward science and their achievement. As well as that, Simpson; & Oliver (1990:13)
summarized that how students feel toward science is a strong predictor of subsequent
science achievement in high school. Furthermore, science process skills and attitudes
toward science are relative to each other as shown in the study of Downing; & Filer (1999:
abstract) where the data indicated that ability to perform science process skills and attitudes
toward science have a positive correlation.

In conclusion, conceptual understanding, science process skills and attitude
toward science are the three main goals of science education. These are necessary to
develop simultaneously because they are interconnected. Laboratory learning has been
purported to promote central science education goals for more than a century (Hofstein; &
Mamlok-Naaman. 2007: abstract). It appears to have a consistent positive influence on
enhancing conceptual understanding, developing science process skills and improving
students’ attitude toward science. Therefore, the development of the learning model for
chemistry teaching and learning in this study involved the use of laboratory learning to
enhance understanding in chemistry concepts, integrate science process skills and attitudes

towards chemistry laboratory learning.

2. Laboratory Learning

Laboratory or practical work is an integral component of learning chemistry or any
science (Nakhleh; Polles; & Malina. 2003: 69) which has roots in the 19th century. The
term laboratory work as used in U.S. literature corresponds to the term practical work for

the United Kingdom (Lazarowitz; & Tamir. 1994: 94).
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The definition of school science laboratory activities typically is refered to as
learning experiences in the school setting where students interact with materials (or with
secondary sources of data) to observe and understand the natural world (Hofstein; &
Mamlok-Naaman. 2007: 105; Lunetta; Hofstein; & Clough. 2007: 394). Accordingly, the
committee of America’s Lab Report defined that laboratory experiences provide
opportunities for students to interact directly with the material world (or with data drawn
from the material world), using the tools, data collection techniques, models, and theories of
science (National Research Council. 2006: 3)

2.1 Aims of Learning Science through the Laboratory

Laboratory experiences have been purported to promote science education
goals including: (1) enhancement of students’ understanding of science concepts (Bennett.
2003: 78; Hofstein; & Lunetta. 2004: 38) and also mastery of the subject matter (National
Research Council. 2006: 3); (2) enhancement of practical skills such as science process
skills, problem solving skills (Hofstein; & Lunetta. 2004: 38; Hofstein and Naaman. 2007:
105; National Research Council. 2006: 3), and scientific reasoning skills (National
Research Council. 2006: 3); (3) enhancement of attitudes toward science and scientific
habits of mind (Hofstein; & Lunetta. 2004: 38 Hofstein ; & Naaman . 2007: 105);

(4) cultivating interest in learning science and motivation (Hofstein; & Lunetta. 2004: 38;
National Research Council. 2006: 3); (5) understanding the nature of science (Hofstein; &
Lunetta. 2004: 38; National Research Council. 2006: 3); (6) helping pupils appreciate what
being a scientist involves and how science and scientists work (Bennett. 2003: 78; Hofstein
; & Naaman. 2007: 105); and (7) developing teamwork abilities (National Research
Council. 2006: 3).

2.2 Types of Laboratory Instruction

Laboratory instruction ranges from highly structured and teacher-centered to
open inquiry (Hofstein ; & Naaman. 2007: 105). For chemistry education, Domin (1999:
543) categorized the styles of laboratory instruction into four distinct types: expository,
guided-inquiry, open-inquiry, and problem-based. Three descriptors can differentiate these

styles: outcome, approach, and procedure as shown in Table 1
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Table 1 Descriptors of the Laboratory Instruction Styles.

Descriptor
Style
Outcome Approach Procedure
Expository Predetermined Deductive Given
Guided-Inquiry Predetermined Inductive Given
Open-Inquiry Undetermined Inductive Student generated
Problem-based Predetermined Deductive Student generated

Source: Domin, Daniel S. (1999, April). A Review of Laboratory Instruction Styles.

Journal of Chemical Education. 76(4): p. 543.

The outcome of any laboratory activity is either pre-determined or
undetermined. Expository, guided-inquiry and problem-based activities all have
predetermined outcomes. For expository lessons, both the students and the instructor are
aware of the expected outcomes. For guided-inquiry and problem-based activities, usually
it is only the instructor who knows the expected result. Expository and problem-based
activities typically follow a deductive approach, in which students apply a general principle
to understand a specific phenomenon. Guided-inquiry and open-inquiry activities are
inductive in that by observing particular instances the students derive the general principle.
This procedure can be criticized on the grounds that students are unlikely to discover, in
three hours, what the best minds took many years to find. The procedure to be followed for
any laboratory activity is either designed by the students or provided for them from an
external source (the instructor, a laboratory manual, or a handout). Open-inquiry and
problem-based methods require the students to develop their own procedures. In
expository and most guided-inquiry activities the procedure is given to the students. Four
types of laboratory instruction are described below (Domin. 1999: 543-546).

2.2.1 Expository Laboratory Instruction

The most popular type of laboratory instruction is the expository (also
termed traditional or verification) style. Within this learning environment, the instructor
defines the topic to be investigated, relates it to previous work, and directs the actions of
the students. The role of the students here is only to repeat the teacher’s instructions or

read the directions from a manual from which they may experience the predetermined
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outcome that is already known to both them and the instructor. The results obtained are
typically used only for comparison against the expected results.

The traditional expository laboratory has been designed so that the
activities can be performed simultaneously by a large number of students with minimal
involvement from the instructor at a low cost and within a two-to three-hour time span. It
has evolved into its present form from the need to minimize resources, particularly time,
space, equipment, and personnel.

The predominant feature of the expository instruction is its cookbook
nature which emphasizes the following of procedures to collect data. Virtually no attention
is given to the planning of the investigation or to interpreting the results. There is very little
emphasis on thinking which is an ineffective means of building concepts and unrealistic in
its portrayal of scientific experimentation.

It is possible that little meaningful learning may take place in such
traditional laboratory instruction. Two reasons can explain the inability of this type of
laboratory to achieve its full potential. Firstly, it has been designed so that students spend
more time determining if they obtained the correct result rather than spend time thinking
about planning and organizing the experiment. Secondly, it was designed to facilitate the
development of lower-order cognitive skills such as rote learning and algorithmic problem
solving. However, it is beneficial for development of students’ practical skills, and
preparation for more open structure.

2.2.2 Guided-inquiry Laboratory Instruction

The heuristic method taught by Armstrong in the early 20th century, can be
regarded as the origin of guided-inquiry laboratory teaching in which students were required
to generate their own questions for investigation. No laboratory manual was used and the
teacher provided minimal guidance. The student was placed in the role of discoverer
(Johnstone; & Al-Shuaili. 2001: 48).

The guided-inquiry approach is inductive. Whereas the outcome is
unknown to both the teacher and the learner, in the latter the teacher guides learners
toward discovering a desired outcome.

The disadvantage of guided-inquiry learning (shared with the other non-
traditional forms of instruction) is that it is more time-consuming and potentially more costly
than expository learning. Hodson (1996 cited in Domin. 1999: 543) describes guided-

inquiry instruction is not only philosophically unsound, but also pedagogically unworkable.



32

He asserted that the learner does not know where to look, how to look, or how to recognize
something when the learner has found it.
2.2.3 Open-Inquiry Laboratory Instruction

Open-inquiry activities require the students to formulate the problem, relate
the investigation to previous work, state the purpose of the investigation, predict the result,
identify the procedure, and perform the investigation. Open-inquiry activities are where
students are more involved with less direction, and give the students more responsibility for
determining a procedural option rather than a traditional format. As shown in Table 1, they
are inductive, have an undetermined outcome and require the learners to generate their
own procedures. Open-inquiry instruction mimics scientific inquiry by placing the students
into the role of junior scientists.

Open-inquiry type is designed to help learners to construct thinking
processes, which if done properly gives students an opportunity to engage in authentic
investigative processes. This type of practical work could be criticized for placing too much
emphasis on the scientific process and not enough on science content.

Open-inquiry laboratories have the potential to develop students’ abilities
and skills such as: posing scientifically oriented questions, forming hypotheses, designing
and conducting scientific investigation, formulating and revising scientific explanations, and
communicating and defending scientific arguments.

2.2.4 Problem-Based Laboratory Instruction

Problem-based learning is becoming a popular alternative to the other
three styles of laboratory instruction, not only in general chemistry but also in other
chemistry courses. In problem-based learning, the teacher adopts an active stimulating role
by posing a problem to the learners, providing the necessary reference materials, and
through occasional group meetings carefully moving the students towards a successful
solution to the problem (Johnstone; & Al-Shuaili. 2001: 48). Students are encouraged to
be independent thinking and discard the laboratory manual. Students have to create their
own procedure, obtain the result, and reach the conclusions.. Emphasis was placed on
developing testable hypotheses rather than obtaining correct results. The methods of
solving the problem are secondary to the problem itself. As in the real world, the problem
comes first and serves as a vehicle for investigation and learning. In this style, students
are presented with a problem statement often lacking in crucial information. From this

statement they redefine the problem in their own words and devise a procedure that will
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lead them to a solution. The problems are “open-entry” that is they possess a clear goal
but there are many viable paths toward a solution. Students working in a problem-based
environment must apply their understanding of a concept to devise a solution pathway and
this requires them to think about what they are doing and why they are doing it.

Similar to guided and open-inquiry instruction is problem-based learning
which is time consuming and places a greater demand on both the instructor and the
students more than traditional instruction. Like open-inquiry instruction it fosters the
development of higher-order cognitive skills through the implementation and evaluation of
student-generated procedures. Problem-based instruction, however, is a deductive
approach. Students must have had exposure to the concept or principle of interest before
performing the experiment. Successfully completing a problem-based activity denotes an
understanding of the concept.

In conclusion, laboratory instruction has four styles including: expository;
guided-inquiry; open-inquiry; and problem-based instruction. Each of these styles has
different advantages and disadvantages. The expository laboratory instruction is less-time
consuming than the other types. However, guided-inquiry, open-inquiry, and problem-based
instruction place more emphasis on thinking and process skills. Guided and open-inquiry
are inductive approaches that are an effective means of building concepts. In this study,
the guided and open-inquiry approaches are used, beginnining with the guided-inquiry to
practice the integrated science process skills under teacher guidance followed by the open-
inquiry laboratory instruction.

2.3 Factors that Facilitate Success in Science Laboratory Instruction

Lazarowitz; & Tamir (1994: 109) pointed out that curricula, resources, learning
environments, teaching effectiveness, and assessment strategies are factors to facilitate
successful science laboratory instruction which are described as follows:

1) Curricula: This means the inclusion of all parts dealing with the implemented
curriculum, for example, instructional materials; selected activities, and integration of the
laboratory with other learning experiences. In planning a course or unit related to the
laboratory two important considerations are time allocation and sequencing within a
particular laboratory period. The work in the laboratory is by nature time-consuming where
more time is needed to make the work meaningful. Besides, learning in the laboratory and
achieving its goals may be enhanced and supported by integration with other strategies.

Accordingly, Ozmen; Demircioglu; & Coll (2009) combined laboratory activities with concept
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mapping to enhance student understanding of acid-base chemistry for tenth grade students
in a Turkish high school. It was found that the intervention (modification) could enhance
student understanding for acid-base chemistry. They also suggested that combining the
pedagogies of laboratory-based activities and concept mapping may be a useful strategy for
teaching acid-base chemistry concepts.

Thus, laboratory work and curriculum are interrelated. The laboratory
determines the nature of the curriculum and the curriculum has a strong influence on the
effectiveness of the laboratory

2) Resources: An adequate supply of materials makes teaching more
convenient and more effective, with an increase in the use of laboratory work and
exploration as a vehicle for learning and teacher enablement to broaden the science
curriculum. On the contrary, lack of materials, equipment, and facilities are a major
impediment to laboratory activities. Additionally, better facilities are associated with what
students perceive as an enriched learning environment.

3) Learning Environment: Learning success is linked to the environment in
which learning occurs. The laboratory experience in most secondary schools is that of
small groups of three or four students who share the same equipment and cooperate in
performing experiments. Laboratory work performed in a cooperative mode may be a more
appropriate type of practical work in high schools. The learning environment in the
cooperative classroom is more flexible than in the formal classroom. The approach
facilitates more interaction among students and the teacher and thereby creates a positive
learning climate. The science process skills are enhanced by exchange of ideas and
discussion in the cooperative groups. Furthermore, a cooperative learning method
enhances students’ academic achievement and self-esteem and improves their classroom
learning environment.

4) Teaching Effectiveness: Although many factors influence the nature of
learning in the student laboratory, the one factor that makes the greatest impact is the
teacher. Teaching in the laboratory requires a high level of skills proficiency and subject-
matter knowledge, a special kind of subject matter-specific pedagogical knowledge, certain
specific attitudes, and readiness for risk taking for which many teachers are ill-prepared.
They perceive inquiry as too difficult and time-consuming such as including goals that do
not match their personal philosophy and are hard to assess. As already mentioned,
teacher’s attitude, knowledge, skills and behaviors can also affect whether the learning in

the student laboratory attains its objectives. Thus, an in-service course is needed to
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prepare teachers to teach the laboratory and help in-service teachers realize the great
potential of the student laboratory.

5) Student-Assessment Strategies: Paper-and-pencil tests are inadequate for
assessing student performance in the laboratory therefore the assessment of laboratory
learning should include both content and process.

Furthermore laboratory instruction can become more effective when theory of
learning is incorporated. For example, YeSilyurt; Bayraktar; & Erdemir (2004: 31)
developed a laboratory model having constructivist features called a constructivist laboratory
model [Guided-Examination (G-E)]. It was found that the G-E model could increase
students’ success in college physics laboratory courses. Berionni; & Baldén (2006) also
found that the combination of laboratory teaching with social constructivism and concept
maps could build scientific knowledge and organize concept network for 6- 13 year old
students.

In conclusion, the factors that facilitate success in laboratory instruction
include: (1) integrating the laboratory with learning theory or other strategies; (2) having an
adequate supply of materials and equipments; (3) using the cooperative group in order to
perform the experiments in a small group and enhance sharing ideas and discussion; (4)
preparing a teacher to teach in the laboratory; and (5) assessing laboratory learning such
as the science process skills which should be both during and after laboratory learning. All
factors were emphasized in this study.

2.4 Impediments to effective laboratory activities

Although numerous research studies confirmed that laboratory activities can
promote many goals of science learning yet some literature indicate that laboratory work is
not effective to enhance students’ learning of science due to some barriers, some of which
are described below.

1) Scientific knowledge is influenced by social and natural environments.
Therefore, laboratory-based activities are not sufficient, in themselves, to bring about all the
conceptual understanding. Nevertheless, one way to proceed is by creating opportunities
for students to do science in all its complexity and uncertainty (Hodson. 2001: 17).

2) Many students do not know why they did laboratory work. They follow the
instructions without understanding (Berry; et al. 1999: 28; Shah; Riffat; & Reid. 2007: 78).

Thus, for laboratory learning there needs to be clear thinking and specification of aims.
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3) Teachers do not point out to much mental engagement. Laboratory work
tends to be hands-on rather than mind-on (Berry; et al. 1999: 28).

4) Students’ limited application of science process skills in laboratory work
(Berry; et al. 1999:28).

5) Lack of trying to link students’ new knowledge with the knowledge that they
already knew (Berry; et al. 1999: 28).

6) The work done in laboratory simply verifies something already known to the
student. It tends to reduce or eliminate the motivation to investigate (Kirschner; & Meester.
1988: 84-85).

7) The laboratory work is often seen as isolated exercises, bearing little or no
relationship with earlier or future work (Kirschner; & Meester. 1988: 84-85).

In conclusion, the factors that impede success in laboratory instruction include:
(1) learning without regarding social-cultural influence; (2) lack of connection between the
new knowledge from laboratory learning and students’ prior knowledge; (3) Doing laboratory
work is for confirming the theory or concepts that students already knew, and not for
constructing their own concepts nor connecting the concept with theory; (4) Lack of
prompting students to apply the science processes skills in laboratory work; (5) Students do
not know the aims and purposes when doing the experiment. All these factors are

eliminated by the new learning model that is developed in this study.

Laboratory learning has always been an important component in chemistry or any
science learning. The use of laboratory learning can potentially bring about the three main
goals of science learning. Thus, the learning model places an emphasis on using
laboratory learning developed in this study. Nevertheless, some factors are reported to
have an influence on the effectiveness of laboratory learning. In order to achieve all the
goals in science learning, the ineffective factors of laboratory teaching were reduced by
integrating factors that facilitate effectiveness—the learning theory that was used in a
combination in the learning process is “Social Constructivism” which will be discussed in the

next section.

3 Theory of Learning

Learning theory is an attempt to describe how people learn. This helps to

understand the inherently complex process of learning and how to best design teaching,
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instruction, training and other education processes. Theories of learning that are usually
mentioned in education are behaviorism, cognitivism and constructivism.
3.1 Behaviorism

Behaviorism studies the external workings of human beings and animals
rather than the internal processes (Jarvis. 2006: 146). In other words, the behaviorism
concentrates on the study of overt behaviors that can be observed and measured but fully
ignoring processes occurring in the learner's mind. Learning is viewed as bringing about a
visible change in behavior that is a result of stimuli from the external environment or can be
said that it operates on the principle of “stimulus-response”. There have been many
behavioral learning theories including Thorndike’s classical connectionism, classical
conditioning (Pavlov and Watson), contiguous conditioning (Guthrie), operant conditioning
(Skinner), and Hull's systematic behavior theory. However, the major behavioral learning
theories are classical conditioning (Pavlov) in which learning is a result of response to a
conditioned stimulus; and operant conditioning (Skinner) in which learning or some action
occurs through rewards or punishments for behavior. Behavior is shaped through positive
reinforcement or negative reinforcement. Both positive reinforcement and negative
reinforcement increase the probability that the antecedent behavior will happen again. In
contrast, punishment (both positive and negative) decreases the likelihood that the
antecedent behavior will happen again. Positive indicates the application of a stimulus
while negative indicates the withholding of a stimulus.

Behaviorism in teaching and learning, a learner is essentially passive,
responding to environmental stimuli. According to Herron; & Nurrenbern (1999, 1354) they
stated that teachers transmit knowledge by providing the appropriate stimuli and
conditioning students to respond appropriately. Students, in the behaviorist view, are object
manipulated by instructors or programmed materials. Students receive information from
experts and respond with answers that are rewarded. In addition, Boghossian (2006)
described that changing behavior in an academic venue is more difficult to measure than in
other contexts, like a karate class, where there are observable physical behaviors that
result from physical stimuli. Yet in the academic context, behaviorists substitute verbal
behavior (such as responding appropriately to a question) for physical behavior, for
example, a student giving a correct answer to a question is a sign of successful
conditioning and then to continue to reinforce the correct responses behaviorally by

assigning good grades.
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3.2 Cognitivism

Cognitivism focuses on the study of mental processes of the human mind to
understanding how people learn and how they think. Mental processes such as thinking,
memory, knowing, and problem-solving need to be explored. Knowledge can be seen as
schema or symbolic mental constructions. Learning is defined as a change in a learner’s
schemata (knowledge stored in memory). Two key assumptions underlie the cognitive
approach: (1) that the memory system is an active organized processor of information and
(2) that prior knowledge plays an important role in learning. Cognitivists consider how
human memory works to promote learning. For example, the physiological processes of
sorting and encoding information and events into short term memory and long term memory
are important to educators working under the cognitive theory. Cognitivism compares the
mental operations of the brain (mind) with the computational operations of the central
processing unit (Bush. 2006: 15) where information comes in, is processed, thus leading to
certain outcomes. The originators and important contributors are Merrill (Component
Display Theory (CDT)), Reigeluth (Elaboration Theory), Gagne, Briggs, Wager, Bruner
(moving toward cognitive constructivism), Schank (scripts), Scandura (structural learning).
Dewey, Piaget, Vygotsky, and Gagne who are a few of the theorists associated with
cognitivism. Nevertheless, the three names most often associated with cognitive learning
theories are Bruner, Ausubel and Gagne. These recognized authorities emphasized
different aspects of cognitive learning. Bruner emphasized categorization and developing a
general concept from examples. Ausubel emphasized the reception of information and the
need to link that to prior learning. Ausubel gave us the advanced organizer. Gagne looked
at the steps or events in learning in which he viewed learning as a series of steps.

The information processing model is an example of cognitivist learning theory
that looks at how the mind works as a mirror as to how the computer works. It uses the
mind as a metaphor for the computer and information processor, and focuses on how the
world’s knowledge is perceived, acquired, stored, and retrieved from memory. Learners are
viewed as those who acquire, assemble, store, and retrieve material and the process
makes meaning transforming the information into knowledge. These studies led to a new
approach to learning as the process by which novices become experts. Cognitivist theorists
consider the information acquired by novices is stored in isolation.

In instructional design, cognitivism plays an important role in organizing

information, using advanced organizers, metaphors, chunking into meaningful parts, and



39

arranging information from simple to complex (Alonso; et al. 2008: 390). With regards to
research, researchers concentrated on topics like cognitive load and information processing
theory.

3.3 Constructivism

Constructivism is a cognitive perspective to learning. It emphasizes that
knowledge is constructed by the learner (Bush. 2006: 16). Conceptualization by the
learners as a passive response to the environment and learning through a direct
internalization of knowledge given by others is rejected. Rather, learners are seen as
inherently active with self-regulating learners constructing knowledge in developmentally
appropriate ways while interacting with a perceived world (Harris; & Graham, 1994, 234).
Previous knowledge and experience are starting points for new learning which is the
information that is registered as input and is matched with previously stored knowledge
(Harris; & Graham, 1994, 234). Additionally, constructivism stressed that real
understanding can occur only when children participate fully in their own learning. Such full
participation is believed to lead to deeper and richer understanding. The new
understanding is again stored for future use and now has more connections. (Bush. 2006:
16). Therefore, constructivism views learning as an active process of constructing
knowledge. The learning theories of Jean Piaget, Jerome Bruner, Lev Vygotsky and John
Dewey serve as the foundation of constructivist learning theory.

There are many different types of constructivism, such as cognitive, radical,
and social constructivism. Cognitive constructivism is based on the work of Jean Piaget
and it is perceived that knowledge is actively constructed by the learner as a result of a
learner’s interaction with the object (Clement. 1988: 89). Prior knowledge enables them to
create new knowledge (or schemas) in their heads. These schemas are changed,
enlarged, and made more sophisticated through three essential processes: assimilation,
accommodation and equilibration. Assimilation is the process of collecting and classifying
new experiences. Accommodation is the process of changing cognitive structures in order
to accept something from the environment or existing schemas that must be modified or
new schemas are created to account for new experiences. Equilibration is the state of
having no contradictions present in our mental representation of our environment (Clement
B.G. 1988: 87; Pritchard; & Woollard. 2010:10-12). Equilibrium is said to follow a
threefold path. First, if we are satisfiedthen it is said to be in a state of equilibrium. Second,

if we become dissatisfied and enter a state of disequilibrium then we experience cognitive



40

conflict. Third, we move to a more sophisticated mode of thought (Pritchard; & Woollard.
2010:12-13). Contradiction between the learner’s existing understanding and what the
learner experiences gives rise to disequilibration thus leading the learner to question his or
her belief and try out new ideas (Palincsar: 1998: 350).

Radical constructivism is encapsulated by von Glasersfeld who proposed that
reality is within the individual and knowledge is constructed from individual experiences.
That is, each individual actively constructs knowledge for him or herself. In other words,
learners develop their individual view of the world alone (Pritchard; & Woollard. 2010: 8-9).
However, social interactions between and among learners are central to the building of
knowledge by an individual.

Social constructivism focuses on the interdependence of social and individual
processes in the co-construction of knowledge. It is the idea of learners actively building
their knowledge, helped (or 'scaffolded’) by other more knowledgeable people such as their
teachers or their peers through a process of negotiation among the participants for instance
dialogues or conversation, that is, though social interaction. (Palincsar. 1998: 345;
Pritchard; & Woollard. 2010: 9; Watson. 2001: 140). Both radical constructivists and
social constructivists assert that we construct our view of the world based on the input of
new knowledge and the interaction of the input with pre-existing knowledge.

Instructional approaches with constructivist roots include whole languages,
cognitive strategy instruction, cognitively guided instruction, scaffolded instruction, literacy-
based instruction, directed discovery, self-directed learning, transformational learning,
experiential learning, situated cognition, reflective practice and religious practice for
example (Harris; & Graham. 1994).

In conclusion, the three school theories of learning have different emphases.
Behaviorism places a stress on external behavior and learning comes from a stimulus-
response principle. Cognitivism is about the mental processes that are an important part of
learning. Constructivism is where the learners actively construct knowledge. In this study
the focus is on the constructivist theory of learning which is according to the National
Education Act B.E. 2542 (1999) which is written in chapter 4 of the National Education

Guidelines in Section 22:

Education shall be based on the principle that all learners are capable of learning and
self-development, and are regarded as being most important. The teaching-learning

process shall aim at enabling the learners to develop themselves at their own pace and
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to the best of their potentiality. (Office of the National Education Commission (ONEC).
2002: 10)

Regarding the constructivist learning theory, there are many forms of
constructivism including cognitive, radical, and social. However, Hofstein; & Lunetta (2004:
32) suggested that “a social constructivist framework has special potential for guiding
teaching in the laboratory”. Hence, this study concentrates on the social constructivist
approach to develop a laboratory learning model for promoting conceptual understanding,

science process skills, and attitudes toward chemistry laboratory learning.

4. Social Constructivism
4.1 Social Constructivist Views of Learning in Science Education

Social constructivist views in science education began to appear in the first
half of the 1990s and see scientific learning as the construction of knowledge which
involves both the individual and social processes. However, it places less emphasis on the
individual and more on the influence of culture and social context (Bennett. 2003: 47).

Based on the work of Vygotsky, social constructivism emphasizes the
importance of social interaction, culture and language in the development of knowledge and
understanding (Bennett. 2003: 47). He described that there are two sources of knowledge
in an individual. One source of knowledge comes from the interaction with the environment
and has been called everyday knowledge, gut knowledge, intuitive knowledge, or
spontaneous knowledge. This type of knowledge is influenced by peer interactions,
language, and experience. The other source of knowledge is derived from formal
instruction that occurs in classrooms. Vygotsky concluded that children use their everyday
life experiences as well as school experiences to construct meaning (Jones; & Carter. 1998:
264).

The crucially important element of Vygotsky’s work is the idea of the zone of
proximal development (ZPD). Vygotsky’s notion of ZPD is central the social constructivist
learning theory. The ZPD describes the difference between what a person can learn on his
or her own and what that person can learn when learning is supported by more
knowledgeable people (Pritchard; & Woollard. 2010: 9). In Vygotsky’s own words, the ZPD
is “the 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 peers" (Bransford et al,
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2000: 81; citing Vygotsky, 1978: 86) as shown in Figure 3. Hence, “what children can do
with the assistance of others is even more indicative of their mental development than what

they can do alone” (Bransford et al. 2000: 81; citing Vygotsky. 1978: 85).
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Figure 3 Zone of Proximal Development (ZPD) and How to cross the Zone

In Vygotsky’s concept of ZPD, social interaction is a fundamental aspect of
successful cognitive and intellectual growth. In other words, successful and timely
movement across this notional zone is dependent upon social interaction as shown in
Figure 3. Learners can be assisted in the progress made across their ZPD in a given
situation by a more knowledgeable other who can provide the sort of support that will make
progress possible. The nature of this support is known as scaffolding. The scaffolder is not
always a teacher or even an adult (Pritchard; & Woollard. 2010: 14-15). The term “more
knowledgeable other” is used to suggest that social interaction with any other individual who
has the potential to support learning to achieve higher levels of development. Scaffolders
could be any one who participated with him/her in the task, so it could be his/her teacher or
peers. In the case of the teacher acting as a scaffolder, Pritchard; & Woollard (2010: 39)
suggested that the teacher can take on different roles in order to provide scaffolding as
follows:

- Teacher as support: providing a secure framework and safe context
where children feel able to make suggestions and try out ideas.
- Teacher as a prompt: using questions to redirect the individual learner’s

thinking or providing alternative, possibly simpler language.
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- Teacher as critical listener and provider of feedback: giving critical
comments in a form which are understandable by the learner and might suggest pursuing a
direction to be taken or perhaps looking elsewhere.

- Teacher as simplifier: breaking a problem into smaller more manageable
steps to be tackled by the learner.

- Teacher as motivator: giving appropriate encouragement at critical points
in a process.

- Teacher as highlighter: pointing out aspects of a task or question which
demand more attention than other less significant aspects.

- Teacher as model: carrying out a task or thinking aloud to demonstrate
an approach or a technique.

The interaction in social constructivism can be vertical, as in teacher-student
interaction, or horizontal, as in student-student interaction. Teaching strategies that can be
used to foster the social interaction in classroom are summarized and described as follows:

- Collaboration and Cooperation: In a collaborative group—a group of
students with varying abilities work together to solve a problem or complete a project—
which provides an opportunity for children to interact with other, forces them to think and to
communicate about their thinking. Especially, for any heterogeneous group of children,
there will be an opportunity for a more capable child to assist a child who is academically
less able (Jennings; & Di. 1996: 79). Therefore, children should be given the opportunity
to work comfortably with a wide range of children in order to acquire social and cognitive
skills in playing, working, and learning. For cooperative learning, It is a type of group
learning which involves dividing a task into parts and having each group member complete
one of the parts, which is different from collaborative learning in that two or more students
jointly work out a single solution to a problem (Linn;& Brubules. 1993: 92). In summary,
the heart of collaboration is the single goal being pursued by two or more learners.
Collaboration can lead to a single product that is owned by all the participants.
Collaboration is associated with group work, but not all group work is collaborative.
However, the collaboration and cooperation are interdependent that is “without cooperation
no collaboration can take place; the expectation of collaboration fosters cooperation”
(Pritchard; & Woollard. 2010: 27).

- Dialogue/Discussion/Discourse: In social constructivist literature,
dialogue, discussion, and discourse are mentioned as a strategy for social interaction. All

of these involve conversation and communication with other participants. Discussion is
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thought to be a useful teaching technique for developing higher-order thinking skills. It also
provides opportunities for student to explain their ideas and thoughts, rather than merely
recite memorized facts and details. During discussion learners are active participants to
construct an understanding about the topic (Larson. 2000: 662). However discussion
rarely occurs spontaneously, it needs activation such as a question from a teacher that is
mentioned below.

- Questions: Constructing knowledge in social constructivism occurs
through social interaction such as classroom discourse. Because teacher questions are a
frequent component of classroom talk, thus questions are a key component of classroom
discourse (Zhang. 2010: 58; Chin. 2007: 816). The purposes of using questions are to
foster the social interaction, and to scaffold students constructing their knowledge. Teacher
questioning should foster deep understanding rather than question for repetition of
memorized information and conclusions. Thus, the questions should be open-ended
questions. As Zhang; et.al. (2010: 59) suggested, open-ended questions, or authentic
negotiatory questions that focus on eliciting and extending student ideas tend to be more
conductive to a productive discussion rather than close-ended, known information questions
that seek predetermined correct answers. Furthermore, Minstrell; & Zee (2007) listed the
kinds of question to be used in learning science as follows: (1) ask or promote questions to
open an inquiry and elicit students’ initial understanding and reasoning; (2) ask or promote
questions to interpret and make sense of data in order to generate new knowledge and
understanding; (3) ask or promote questions to clarify or elaborate on observations and
inference; (4) ask or promote questions to encourage learners to justify their answer and
conclusions or to explain their reasoning to go beyond merely stating an answer; (5) ask or
promote questions to extend or apply learned ideas; and (6) ask or promote questions that
help learners monitor their own learning.

All strategies as mentioned above are in accordance with Hand; Treagust;
& Vance (1997: 562). They suggested that to promote student-student interaction in a
social constructivism, the teacher needs to ask students questions rather than attempt to
teach them. In the process of trying to answer the questions posed by the teacher, the
students should be allowed to work in group so that they can use their own language to
discuss the concept being examined. In addition the interactions between students should
not be limited to small group discussions but extend to whole class settings and in

answering questions students need to be aware that they should be able to explain their
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thinking and defend their own answers in front of the teacher and also the other students in
the class.
4.2 Social Constructivist-based Teaching and Learning
A framework of social constructivism in teaching and learning from a number
of research literatures are listed and described as follows:

- In social constructivist learning, knowledge is not transmitted as it is built
by students (Berionni; & Baldon. 2006: abstract). Individual learners are actively involved
in the learning process and construct their own understanding while the teacher acts as a
facilitator (Pritchard; & Woollard (2010: 37).

- New knowledge must be related to knowledge the learner already knows
(Shiland. 1999: 107). Research by Hand; Treagust; & Vance (1997: 572) suggested that
the implementation of social constructivism requires students to use their existing
knowledge as the starting point for changing to scientifically acceptable concepts.

- Knowledge building is not a lonely individual operation, it is a process
created by sharing experiences and discovering meaning together with peers and teachers
(Berionni; & Baldon. 2006: abstract). Social constructivism thus recognizes the importance
of social and personal aspect of learning. In the personal sense, meaning is constructed by
individuals as new information interacts with their extant knowledge. In the social sense,
while knowledge is personally constructed, the constructed knowledge is socially mediated
as a result of cultural experiences and interaction with others in that culture (McRobbie.
1997: 194). In other words, learning has a social component. Knowledge construction is
therefore primarily a social process in which meaning is constructed in the context of
dialogue with others. Cognitive growth results from social interaction. Learning is aided by
conversation that seeks and clarifies the ideas of learners (Shiland. 1999: 107).

- Learning and development is a social and collaborative activity which
cannot really be taught. Knowledge and use of words play a central part both in the
development of children’s thought and in all aspects of cognitive development (Pritchard; &
Woollard. 2010: 37).

- Learning needs application. Applications must be provided which
demonstrate the utility of the new conception (Shiland. 1999: 107). Learning tasks and
activities and other learning situations must be set in meaningful contexts in which the

knowledge is to be applied (Pritchard; & Woollard. 2010: 37).
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- In-school learning should be related to out-of-school experience
(Pritchard; & Woollard. 2010: 37). This will serve to create a sense of continuity and help
to bridge a gap between school and real life.

In conclusion, the key features of social constructivism used in the
development of the learning model for chemistry teaching and learning are as follows:

1) Students are seen as active learners, the teacher acts as a facilitator or
scaffolder of knowledge construction. In the learning process, students actively participate
in the classroom activities and do not just listen to the teacher. The teacher acts as a
guide, telling students what they should do next and giving some suggestions.

2) Awareness of students’ prior knowledge and alternative conceptions.
Before classroom teaching the teacher should elicit the prior knowledge and alternative
conception of students by: questioning; quiz; and/or using the POE technique.

3) Learning requires social interaction and collaboration. In the classroom,
students are divided into groups of four or five to work with others and given an opportunity
to interact with the materials and people such as other students and teacher.

4) A student constructs his/her own knowledge from new learning, prior
knowledge and social interactions. Students are encouraged to be involved in using
language to share his/her ideas and understandings, discussion with peers, and listening
and making sense of the ideas of other students. Finally, individual students construct
his/her knowledge from extant knowledge, new learning, and ideas they learned from other
students.

5) Providing an opportunity to apply the concepts they have learned. After
students construct the new knowledge the teacher provides a worksheet or questions with
situations/problems to encourage the learners to apply the new knowledge to solve those
situations/problems.

6) In-school learning should be related to daily life. The laboratory
activities in this study are designed to use everyday materials to help students to see the
link between science in the classroom and their everyday lives. In addition, the
situations/problems used in the step of applying knowledge are also a part of or related to
their everyday lives.

4.3 Social Constructivist Assessment
Assessment based on social constructivist perspectives is frequently referred

to as "dynamic assessment" (Palincsar. 1998: 366; citing Feuerstein. 1979). Dynamic
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assessment refers to measuring the student’s assisted performance during collaboration to
assess the potential development or what the student is in the process of learning (Dixon-
Krauss. 1996: 125-126). The key feature of the dynamic approach is that it links
assessment with instruction because it occurs during instruction rather than after the fact.
Dynamic assessment provides the teacher with different types of information rather than
static assessment which is measuring the student’s individual performance to assess actual
development (Dixon-Krauss. 1996: 126). In other words, dynamic assessment looks at
both what the students can do individually and their potential growth as indicated by the
interaction between the examiner and students.

The example of dynamic assessment for science classroom is preceeded by
engaging the students in (a) predicting what they think would happen given a specific
pathway along with their reasons for making these predictions; (b) describing their
observations; (c) comparing predictions with observations and discussing differences
between them; and (d) explaining the result, focusing on underlying causes (Palincsar.
1998: 368)

Additionally, portfolios as a form of authentic assessment can be used to
mediate in an assessment. This is called a portfolio assessment. A portfolio has been
described as a container for evidence of an individual. It is a collection of student work
samples that are assumed to reflect meaningful understanding of underlying science
concepts. Portfolios are considered by advocates to offer teachers a more valid means of
evaluating student understanding than traditional forms of testing (Vitale. 2005: 167-168)

In conclusion, the six key features of social constructivism for teaching and
learning were used as a guideline for developing the laboratory learning model and
activities to promote conceptual understanding, science process skills, and attitudes toward
chemistry laboratory learning. Additionally, the strategies included: using collaborative or
cooperative group work such as promoting discussions, dialogue, or discourse in the
classroom; and using questions which were used to promote the social interaction in order
to help students get across his/her ZPD.

For the assessment of students’ learning in this study, it was a dynamic process
which was performed during the process of collaborative learning or instruction. The

portfolio was also used as a tool of assessment according to the social constructivist view.
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5. Three Levels of Chemical Representation

Chemistry is one of the most important branches of science concerned with the
properties and interactions of substances of which matter is composed. Chemistry topics
are generally related to or based on the structure of matter and it enables learners to
understand what is happening around them. However, chemistry has been proven to be a
difficult subject for many students especially for secondary school student (Ozmen;
Demircioglu; & Coll. 2009: 2; Sirhan. 2007:2). Many reasons for the difficulty include:

(1) chemistry concepts are abstract in nature. Students are required to construct mental
images of things they cannot see (Gabel. 1999: 548; Ozmen; Demircioglu; & Coll. 2009:
2); (2) Language and communication that teachers use in the classroom causes students to
be confused between scientific terminology and similar sounding words such as unfamiliar
vocabulary or chemical names that are hard to understand for students (Ozmen;
Demircioglu; & Coll. 2009: 2; Sirhan. 2007: 4-10); (3) chemical knowledge is complex. It is
presented with a three levels of representation and chemical knowledge is learned at three
levels (macroscopic, sub-microscopic, and symbolic) (Sirhan. 2007: 4).

Nevertheless, the students’ ability to use and connect the macroscopic,
submicroscopic and symbolic representations is essential for understanding several
chemistry concepts and phenomena. (Chandrasegarana; Treagust; & Mocerino. 2008: 237;
Devetak; Vogrinc; & Glazar (2009: 176). The three levels of representation in chemistry
and how to connect each level are discussed next.

5.1 Three Levels of Representation in Chemistry

Chemical knowledge is related to the multiple levels of representation in order
to describe and explain chemical phenomena. Chemistry is commonly portrayed as three
different levels of representation—macroscopic, sub-microscopic and symbolic—that
combine to enrich the explanations of chemical concepts (Treagust; Chittleborough; &
Mamiala. 2003: 1353). The macroscopic level is a concrete level involving observable
chemical phenomena in experiments or experiences from everyday lives such as colour
changes, new products being formed and others disappearing. The sub-microscopic level
is an abstract level. It is used to explain what is observed at the macroscopic level in terms
of the movement of particles such as electrons, molecules, and atoms, based on the
particulate theory of matter. The symbolic level involves the use of symbols of elements,
chemical formulas and equations, mathematical equations, as well as molecular structure

drawings, diagrams, models kits, analogies, and computational forms (such as graphs,
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reaction mechanisms, and animations) to communicate what happens at the molecular level
as well as to represent macroscopic phenomena (Chandrasegarana; Treagust; & Mocerino.
2007: 294; Devetak; Vogrinc; & Glazar. 2009: 158; Jansoon; Coll; & Somsook. 2009: 149;
Treagust; Chittleboroughl; & Mamiala. 2003: 1354).

Macroscopic

Symbolic Sub-microscopic

Figure 4 Three Levels of Representation used in Chemistry.

Source: Treagust, David; Chittleborough, Gail; & Mamiala, Thapelo. (2003).
The Role of Submicroscopic and Symbolic Representations in Chemical Explanations.

International Journal of Science Education. 25(11). p. 1354.

The relationship among the three levels of representation is illustrated in
Figure 4 where each level is at a corner of an equilateral triangle. No one is superior to
another, but all each one complements the other in developing an understanding of the
chemistry concept (Johnstone. 2000: 11; Treagust; Chittleboroughl; & Mamiala. 2003:
1354). The observable chemical phenomena at the macroscopic level are the basis of
chemistry. Explanations of these phenomena usually rely on the symbolic and
submicroscopic level of representations, which are explained at the particulate level. The
particulate level in turn is represented by the symbolic level.

The ability of students to understand the role of each level of chemical
representation and the ability to transfer from one level to another is important for chemistry
learning. The research of Devetak; Vogrinc; & Glazar (2009: 176) also supported this
statement. They suggest that chemistry teachers, when presenting chemistry concepts,

should more frequently combine the three levels: macro-, sub-micro-, and the symbolic level
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and more efficiently link the students’ pre-knowledge with the new topics. Gabel (1993)
studied whether student's understanding of chemistry would increase if the particulate
nature of matter (sub-microscopic level) was emphasized. He conducted a study involving
students in an introductory chemistry course. Introducing extra instruction to the
experimental group required students to link the particulate nature of matter to the other
levels (macroscopic and symbolic levels). He found that the experimental group performed
higher in all levels more than the control group. It seems that this kind of additional
instruction is effective in helping students make connections between the three levels in
which chemistry can be both taught and understood.

According to Devetak; Vogrinc; & Glazar (2009: 159), Papageorgioua and
Johnson (2005), it was reported that the teaching of science phenomena to students aged
from 10 to 12 years should originate in macroscopic observations and gradually continue to
particle interaction explanations, and finally these explanations ought to translate into the
symbolic representations.

Therefore, for improving conceptual understanding in chemistry learning, it is
important to help students see the connections between the three representational systems.

The strategies that can be used to help the students are discussed below.

5.2 Effective Strategies Assisting Understanding of the Three Levels of
Representation
From the literature review, many approaches have been used to help students
understand chemistry for the three levels of representation. These include: laboratory
activities (Chandrasegaran; Treagust; & Mocerino. 2008. 246; Gabel. 1999: 549);
technological tool such as multi-media software and computer animations
(Chandrasegaran;Treagust; & Mocerino. 2007: 305; 2008. 247; Tasker; & Dalton. 2006;
Wu; Krajcik; & Soloway. 2000); and analogies (Gabel, 1999: 549; Jansoon; Coll; &
Somsook. 2009 :151).
5.2.1 Laboratory Activities
In the laboratory, students are provided with opportunities to perform the
experiments themselves. They have a chance to practice the science process skills and
also observe phenomena and systems (Hofstein; & Lunetta. 2004: 32). It means that, in
laboratory learning the students make observations of the changes that occur at the

macroscopic level (Gabel. 1999: 549; Hofstein; & Lunetta. 2004: 32).
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However, Supasorn (2011: abstract) suggested that performing an
experiment/laboratorywork might not be enough to help students understand important
concepts at the microscopic level. Chemistry instructors might consider using a simulation,
or other visualization tools to help students understand the concepts at the microscopic
level and then connect the information to the corresponding macroscopic level.

In conclusion, laboratory activities can provide an opportunity to see the
things or activities happen only in the macroscopic level. Therefore, analogies and
technological tools can be used to help students understand the other two levels and see
the connections between the three levels of chemical representation in order to bring about
the conceptual understanding.

5.2.2 Analogies

5.2.2.1 Definition of Analogies

Analogies involve the comparison between two things that are similar
in some respects. One is called an analog concept or familiar concept, and the other is
called a target concept or unfamiliar science concept (Coll; France; & Taylor. 2005:185;
Smith; & Abell. 2008: 50; Orgill; & Bodner. 2004: 15; Treagust; Harrison; & Venville.
1998: 85). Furthermore, analogies can be used for the explanation of unfamiliar
phenomena by comparing them to familiar phenomena (Thagard; Cohen; & Holyoak. n.d.:
819).

Analogies could be classified as structural or functional. Structural
analogies focus on similarities in appearance or structure between the target concept and
the analog concept; for example, “the Earth is like an orange.” Functional analogies link to
a behavior, or explain how something operates—“a cell is like a refrigerator” (Smith; &
Abell. 2008: 50).

Types of analogies that are mentioned by Thiele; & Treagust (1991: 4-
5) include: (1) Verbal Analogies, this type includes only written texts or oral presentations.
It is often subtly embedded in the body of the text, the reader is usually left to draw the
necessary comparisons and conclusions about the target from the description of the analog;
(2) Pictorial Analogies, This kind of analogy allows the textbook author or teacher to
pictorially highlight the desired attributes of the analog. Using this analogy helps to provide
a greater degree of visualization which reduces the likelihood that the student is not
sufficiently familiar with the analog. However, most pictorial analogies are accompanied by

some verbal explanation, hence, technically should be referred to as pictorial-verbal



52

analogies; (3) Personal Analogies, this type is believed to assist students by relating
abstract chemical concepts to the students world considerations such as people, money,
food, and relationships. Students can be physically involved in a personal analogy, for
example, chemistry students may be asked to walk around the classroom in such a manner
that their direction of travel is analogous to the motion of electrons through a wire or ionic
migration through a solution during electrolysis.
5.2.2.2 Analogies and Three Levels of Chemical Representation

For the three levels of chemical representation, it has been reported
that the analogies help students understand the sub-microscopic level or abstract level
(Gabel. 1999: 549). Additionally, analogies also help students visualize abstract concepts
(Orgill; & Bodner. 2004: 15; Thiele; & Treagust. 1991: 2). They are often used by scientists
to explain abstract science concepts (Coll; France; & Taylor. 2005:185). Furthermore,
analogies are believed to help compare the similarities of the students’ real world with the
new concepts, and to motivate students’ learning (Thiele; & Treagust. 1991: 6).

5.2.2.3 The Use of Analogies in the Science Classroom

Orgill; & Bodner (2004: 20-23) determined which analogies were useful
and not useful for students by interviewing biochemistry students. They found that
analogies are very useful when (1) used to explain difficult or challenging target concepts;
(2) used to explain or describe objects or processes that are so small that they cannot be
seen with the naked eye; and (3) the target concepts are introduced. Analogies are not
useful when (1) target concepts are simple or already understood; (2) target concepts are
overwhelming that students had to learn them in too short a period of time; and (3) target
concepts must be memorized.

The features of good analogies that students can understand are
(1) simple; (2) easy to remember; and (3) have familiar analog concepts (Orgill; & Bodner.
2004: 23-24; Smith; & Abell. 2008: 50). According to Treagust; Harrison; & Venville (1998:
85) suggested that when using an analogy in science teaching the teacher should select
an appropriate student world analog to assist in explaining the science concept. The
analog and target should share attributes that allow a relationship to be identified and
contribute to the concept being taught.

In order to make an analogy more effective in classrooms, Orgill; &
Bodner (2004: 26-29) reported that the presentation of an analogy in the class should be:

(1) tell the purpose of using the analogy and what is expected from the students regarding
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the analogy; 2) explain the relationships between the analog and target concepts; (3) not
overusing analogies; (4) use visuals when teachers are presenting their analogies; (5) use
easy-to-understand words and enthusiasm to present analogies (6) try out the analogies on
other students before using them in class. Significantly, Coll; France; & Taylor (2005:188-
189) summarized that helping students to understand analogies would be most effective
when: learners are helped to understand the role of analogies in the construction of
scientific knowledge and to be aware of the strengths and limitations of analogies in
describing and explaining scientific concepts; learners are able to construct and critique
both their own analogies and scientist’s analogies of scientific phenomena; and teachers
have a good pedagogical content knowledge about the nature of science—in particular, the
role of analogies in scientific communities—and they are also aware of possible analogies
that their students may have.

Some models are reported to be useful in teaching with analogies. For
example the TWA model and FAR model. Glynn’s (1996, 2007) Teaching-With-Analogies
(TWA) model helps teachers use analogies systematically and effectively. First the teacher
introduces the target scientific concept, such as the cell. Second, the teacher asks students
to think about what they know about an analog concept, perhaps Lego. Next, the teacher
guides students to identify important features of cells and Lego pieces and to map their
similarities (Smith; & Abell. 2008: 50). For the FAR model, Treagust, Harrison, and
Venville (1998: 87-92) worked with a group of teachers who modified the TWA model to be
more user-friendly in their classrooms. Their model, called FAR (Focus, Action, and
Reflection), offers guidelines for thinking about the target, the analog, and the students
during each phase of instruction as shown in Figure 5. Focus occurs at the beginning of
the lesson, where the teacher analyzes the difficulty of the target concept, what students
already know about the concept, and their degree of familiarity with the analog. For
example, the teacher would think about difficulties the students might have in understanding
cells and how the Lego analogy might help. During the Action phase, teachers help
students discuss the features of the target and analog, analyzing their similarities and
differences. After the lesson is Reflection, where the teacher considers how the analogy
helped students learn and consider the next steps in instruction. After implementing lessons
using the FAR Guide, teachers reported increased confidence and enthusiasm in teaching
the concept and an increased awareness of the need to establish student familiarity with

the analog and help them analyze similarities and differences.
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Focus
Concept Is it difficult, unfamiliar, or abstract?
Students What ideas do the students already know about the concept?
Analog Is it something your students are familiar with?
Action
Likes Discuss the features of the analog and the science concept.
Draw similarities between them.
Unlikes Discuss where the analogy is unlike the science concept.
Reflection
Conclusions Was the analogy clear and useful or confusing?
Improvements Refocus as above in light of outcomes

Figure 5 The FAR Guide for Teaching and Learning with Analogies

Source: Treagust, David F.; Harrison, Allan G.; & Venville, Grady J. (1998).
Teaching Science Effectively with Analogies: An Approach for Preservice and Inservice

Teacher Education. Journal of Science Education. 9(2): p.91.

In conclusion, analogies could aid students understand concepts or
things/events that happen at the sub-microscopic level and see the connection between
macroscopic and sub-microscopic levels. However, analogies should be used carefully.
There are a number of models that can be used in teaching with analogies including the
TWA model and the FAR model. In this study, analogies were used to connect the concept
at macroscopic and sub-microscopic level in the developed learning model. The FAR

model was used to teach with analogies.

5.2.3 Technological tools
5.2.3.1 Meaning of Technological tools
Technological tools may refer to a visualization tool (Wu; Krajcik; &
Soloway. 2001: 821), multi-media software (Chandrasegaran;Treagust; & Mocerino. 2007:

247; Supasorn. 2011: abstract), computer animation (Chandrasegaran;Treagust; &
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Mocerino. 2007: 247), or materials from the internet such as video clips
(Chandrasegaran;Treagust; & Mocerino. 2007: 247; Ardac; & Akaygun. 2004: 321).

5.2.3.2 Technological tools and the Three Levels of Chemical
Representation

Technological tools have been used to help students understand the
chemical representation such as a molecular-level animation (Tasker; & Dalton. 2006), 3-D
molecular modeling software, or eChem (Wu; Krajcik; & Soloway. 2000, 2001), and video
clips (Ardac; & Akaygun. 2004).

The research of Tasker; & Dalton (2006: 156) used animation, called
VisChem animation that showed molecular-level processes. The result indicated that
animations and simulations can communicate many key features about the molecular level
effectively and it can link the laboratory level to the symbolic level.

Wu; Krajcik; & Soloway (2000: 822) used the visualizing tool, eChem,
that allowed students to build molecular models, visualizing multiple 3-D models, and
comparing micro and macroscopic representations to develop the students’ understanding
of chemical representations (refer to various types of formulas, structures and symbols used
in chemistry). Data were collected with the participation of 71 eleventh graders in a high
school. The results of the pre- and post-tests show that the students’ understanding of
chemical representations improved substantially. The analysis of video recordings revealed
that several features in eChem helped students construct models and translate
representations. Evidence also shows that high engagement students’ discussions involved
both visual and conceptual aspects of representations, which in turn deepened their
understandings of representations.

Ardac; & Akaygun (2004: 321) used video clips that simultaneously
displayed chemical changes at the macroscopic level and molecular representations, and
integrated with the symbolic representations to enhance students’ understanding of
chemical changes. The results suggested that the effectiveness of video clips can be
improved if instruction includes additional prompting that requires students to attend to the
correspondence between different representations of the same phenomena.

From research related to using technology tools, therefore, it can be
summarized that these tools have a value for chemistry learning, specifically the chemical
representation. The use of technological tools can enhance the student’s understanding of

the three levels of chemical representation because they illustrate the changes that the
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atoms, ions and molecules undergo during chemical reactions, and also reinforce the
relationship between the observed changes and the changes at the particulate level
(Chandrasegarana; Treagust; & Mocerino. 2007: 305). Additionally, students would have
the opportunity to see the connection between the molecular model at the microscopic level
and behavior at the macroscopic level (Wu; Krajcik; & Soloway. 2001: 826).

In conclusion, in order to bring about conceptual understanding, laboratory
activities, analogies, and technological tools were used to help students understand and
see connections between the three levels of chemical representation in the connection step

of the developed learning model.

6. Acid-base

Acid-base chemistry is one of the basic concepts and important topics in
chemistry. Most of the reactions in daily life are acid-base reactions. Acid-base is one of
the chemistry topics considered as abstract and difficult to understand and which research
suggests that students frequently have alternative conceptions on acid-base. The details
are described below.

6.1 Alternative Conceptions of Acid—Base

The acid-base topic is one of the chemistry topics considered as abstract and
difficult to understand (Chaiyapha; Chayajarus; & Chairam. 2011: 139; Demircioglu; Ayas;
& Demircioglu. 2005: 37; Sheppard. 2006: 32). Many students were unable to accurately
describe acid-base concepts (Sheppard. 2006: 32) and hold many alternative conceptions.

The alternative conceptions of acid-base chemistry have been found in
literature (Artdej et al. 2010; Ozmen; Demircioglu; & Coll. 2009; Schmidt. 1997) as shown
in Table 2.



57

Table 2 Summarized Students’ Alternative Conceptions in Acid-base Chemistry

Content Areas Alternative Conceptions

Testing Acids and - The only way to test a sample whether it is an acid or a base is to
Bases see if it eats something away (corrosive).

Electrolyte and - NH; and H,CO; are strong acids, thus they are strong electrolytes.
Non-electrolyte - NH,OH is an alcohol like an organic base such as C,HsOH, thus
Solutions NH,OH is a non-electrolyte.

Acid-base Theory - Brgnsted-Lowry acids are substances that could accept a proton,

for example CO,-, NHa, and HCOO'.
- Both NH; and BH; are Lewis bases because the molecular formula
of BHj; is similar to NHs.
Conjugate Acid— - The conjugate acid is a substance that can accept a pair of
Base Pairs electrons.
- Conjugate acid of SO42_ is H,SO,.
- Conjugate acid—base pairs are a pair of compounds or ions that

contain a positive and a negative charged ion such as HPO42 and
NH, .
Acids and Bases - All acids and bases have the same electrical conductivity property
- All acids and bases are harmful and poisonous.
- Acids burn and melt everything.
- All bases are ionic compounds.
- All bases are corrosive.
- Hydroxide ion (OH') does not exist in acid solution.
Strong acids - Strong acids can react with all metals to form hydrogen gas, and
the amount of bubbles would represent the strength of an acid.
- A strong acid could produce more bubbles when reacting with metal
than a weak acid.
- A strong acid is always a concentrated acid.
- A strong acid does not ionize in water because its intra-molecular
bonds are very strong.

- Diprotic acids are stronger than monoprotic acids.




58

Table 2 (Continued)

Content Areas Alternative Conceptions
Strong acids - Strength of an acid depends on the number of hydrogen atoms in
(Continued) a molecule of acid.

- The proton attraction of hydronium ion (H3O+) influences the
strength of acids. If the proton attraction is highthen it is a strong

acid otherwise it is weak.

Weak acids - A weak acid completely ionizes in solution
Dissociation of - Pure water is a good conductor.
water - Pure water is a strong electrolyte.

- The addition of an acidic solution to water did not affect the
concentration of hydroxide ion (OH') or hydronium ion (H3O+) in
the system because the ionization of water depended on
temperature only.

pH of Solution - pH is only a measure of acidity.

- As the concentration of H30+ ions in an acid solution increases the
pH of the solution increases.

- As the pH value increases the acidity also increases.

Neutralization - In all neutralization reactions the acids and bases completely react
with each other.

- When the neutralization reactions are completed, the pH of the
product solution is always equal to 7 or the solution is neutral. As
well as that there are neither hydrogen ions (H+) nor hydroxide ions
(OH) in the resulting solution.

Salts and - Salts do not have a pH value.
Hydrolysis - All salts are neutral.

- Electrolysis and hydrolysis are the same.

The evidence in the literature indicated that the sources of students’ alternative
conceptions in acid—base chemistry were as follows: The concepts were abstract
(Sheppard. 2006: 32); Multiple concepts were involved (Ozmen; Demircioglu; & Coll.

2009: 4); Some underlying chemistry, such as the nature of chemical change and the
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particulate nature of matter needed to be understood before getting into it (Sheppard.
2006: 32); Lack of agreement about what material should be included in the chemistry
curriculum (Sheppard. 2006: 32); Use of different models in acid—base chemistry (Artde;.
et.al. 2010: 168); Confusion between acid—base terminology and everyday words (Artdej.
et.al. 2010: 168; Sheppard. 2006: 33); Students’ and teachers’ knowledge not matching
(Artdej. et.al. 2010: 169). Complexity of the calculations involved (Sheppard. 2006: 33).
In conclusion, acid-base is an important topic in chemistry. Many high school
students have difficulty learning about acid-base and a number of alternative conceptions
on acid-base can occur. Thus, this research aims to help upper secondary students get a
better understanding for the acid-base topic and find their alternative conceptions.
6.2 Acid-base in the Thai High School Curriculum
According to the Chemistry Textbook Volume 3 (IPST. 2006: 118-214), the
acid-base topic encompasses contents which include: electrolyte and non-electrolyte
solutions, acids and bases solutions, acid—base theory, conjugate acid—base pairs, the
dissociation of acids and bases, the dissociation of water, pH of solutions, indicators for
acids and bases, acids and bases solutions in daily life and organisms, acid—base
reactions, titrations, and buffers. The instruction of acid—base chemistry may be in either the
first or the second semester of Grade 11 or 12 depending on the school curriculum.
The learning objectives of acid-base topic in the Thai science curriculum are
as follows (IPST. 2004: 99-100).
1) Tell the properties of electrolyte and non-electrolyte solution and identify
types of electrolytes.
2) Describe the change when acids or bases dissolve in water and identify
the type of ion that makes a solution acidic or basic.
3) Define the definition and explain the properties of Arrhenius, Bransted—
Lowry, and Lewis acids and bases.
4) ldentify which molecule or ion is a conjugate acid-base pair in a
particular reaction.
5) Explain the dissociation of strong acids and strong bases, weak acids
and weak bases, and calculate the percent of the dissociation and dissociation constant of

weak acids (K;) and weak bases (Ky).
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6) Compare the quantity of acid-base dissociation, and calculate the
concentration of hydronium ion ([H3O+]) and hydroxide ion ([OH]) using the acid and base
dissociation constant (K, and K,).

7) Explain the change of water equilibrium when acids or bases are added
and calculate the [H3O+] and [OH] of that solution.

8) Calculate the pH of a solution when given a concentration of hydronium
ions ([H3O+]) or hydroxide ions ([OH]) and explain the acidity/basicity of a solution from the
pH value.

9) Explain the reasons for the change in color of indicators and use the pH
range of indicator to identify the acidity and basicity of a solution.

10) Explain the importance of the pH or the acidity/basicity of a solution in
living things and the environment.

11) Describe the formation of salt from: (1) acids and bases reactions; (2)
reaction between acids or bases and some substances, write an equation of the reaction,
and tell the properties of that salt.

12) Define the definition of neutralization and write an equation of the
reaction.

13) Describe hydrolysis of salt in water and write an equation of the
reaction.

14) Explain the titration method and the choice of an appropriate indicator,
and calculate the concentration of the sample solution.

15) Draw a titration curve and find the equivalence point, and tell the pH
value of solution at equivalence point.

16) Explain the change when adding acids or bases to a buffer solution
and write an equation to show the pH control of a buffer solution.

17) Experiment, collect data, interpret data, and make the conclusion of
the following topics.

17.1) Some properties of solutions

17.2) The proton donor and acceptor reaction of HCO;

17.3) The conductivity of water

17.4) The reaction between an acid and base solution

17.5) The reaction between acid/base and some chemical substance
17.6) The measuring of the pH of a salt solution using an universal

indicator
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17.7) Determination of the end point in a strong acid and base titration

17.8) Determination of the equivalent point in a strong acid and base
titration

17.9) Choosing the appropriate indicator for an acid-base titration

17.10) Determination of the CaCO; quantity in antacids

17.11) The changing of pH in some solutions

In conclusion, the learning objectives of acid-base as mentioned above include
both cognitive (conceptual understanding) and psychomotor (scientific practices and skills)
domains. All objectives were covered when developing the learning units based on the
Acid-base Laboratory Learning Model.

6.3 Research Related to Teaching Acid-base Chemistry

Research studies related to acid-base instruction both in Thailand and other
countries are described as follows.

In other countries, the approaches which have been reported to improve
acids—bases chemistry teaching and learning include: active-learning instruction based on
constructivist approach; conceptual change instruction accompanied with analogies; and
combination of laboratory activities and concept mapping.

CETINGUL; & Geban (2005: 69-73) compared the effectiveness of conceptual
change oriented instruction accompanied with analogies against the traditional instruction
on eliminating the tenth-grade students' misconceptions on acids and bases concepts and
their effect on students' achievement. Forty-seven 10th Grade students from the two
classes of the same teacher in a public school at the center of Ankara were enrolled in the
study. Students in an experimental group received a conceptual change text oriented
instruction accompanied with analogies whereas the control group was instructed by a
traditional method. The four weeks course of conceptual change text oriented instruction
accompanied with analogies caused a significantly better acquisition of the concepts and
elimination of misconceptions more so than the traditional instruction. Thus, the conceptual
change oriented instruction resulted in a better conceptual understanding.

Ozmen; Demircioglu; & Coll (2009) determined the effectiveness of a course
comprising of a combination of laboratory activities and concept mapping for students’
understanding of acid-base chemistry concepts, and in remedying alternative conceptions

for these topics. The subjects were fifty-nine Turkish high school students from two 10th
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Grade classes. One class was assigned as a course group and the other as the traditional
group. It was found that the course could enhance student understanding for acid-base
chemistry, and it seemed that the visually dramatic and hands-on nature of the practical
work is particularly helpful. This study suggested that combining the pedagogies of
laboratory-based activities and concept mapping may be a useful strategy for teaching acid-
base chemistry concepts.

Sesen; & Tarhan (2011: 205) investigated the effectiveness of active-learning
instruction based on the constructivist approach implementation—which included a variety
of specific student-centered instructional strategies such as experimental activities, brain-
storming, video presentations, demonstrations, computer animations, and learning together
activities that engaged active participation of students in the learning process—on the
Turkish high-school students’ understanding of acids and bases. The study revealed that
active-learning implementation is more effective at improving students’ learning achievement
and preventing misconceptions rather than teacher-centered instruction.

In Thailand, instructional approaches have been employed in an attempt to
improve the teaching and learning of acids—base chemistry which included the jigsaw
method; constructivist view of learning; and cooperative learning, which are described.

Artdej (2010: abstract) developed Acid-base Learning Units (ABLUs) based on
a constructivist view of learning to improve students’ understanding of acid-base chemistry
concepts. The ABLUs were implemented with fifty-four 11th Grade Thai students from two
classes in a science and mathematics program at a medium-sized public high school in
Bangkok by the same chemistry teacher who voluntarily took part in this study. The finding
was that the ABLUs were able to improve the students’ understanding of acid-base
chemistry concepts, particularly in class A, since there was conceptual progress between
basic and advanced concepts. The findings suggested that the incorporation of a
constructivist approach helped students in understanding concepts better and promoted
positive perceptions towards learning.

Chaiyapha; Chayajarus; & Chairam (2011) used the jigsaw method to enhance
students’ understanding of acid-base chemistry. The findings revealed a statistically
significant difference between the intervention and experimental groups in pre-test and post-
test scores (p < .01). Many students exhibited alternative conceptions for several concepts,
consisting of electrolytic and non-electrolytic solution, ion in acids and bases solutions,
acids and bases theory, dissociation of strong and weak acids and bases, dissociation of

water, and neutralization. This research was more enjoyable and helpful in enhancing
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students’ conceptual understanding of acid-base chemistry which also reduced alternative
conceptions.

Abdulhanung; Supasorn; & Samphao (2012) used cooperative learning
approach coupled with science projects to develop students' comprehension and students'
scientific methods of acid-base. The paired samples t-test analysis indicated that the
students obtained a post-achievement score statistically higher than the pre-achievement
score at p < 0.05 as the score progress was 9.22 or 28.82%. For the science project, the
average scores for scientific method and the overall science project were both at a good
levels of 72.52% and 71.64%, respectively. Therefore, the cooperative accompanied with
science project learning approach was effective to enhance students' comprehension as
well as science process skills.

In conclusion, the use of a deliberate instructional approach has been reported
to enhance students’ conceptual understanding of acid-base both in Thailand and other
countries based on constructivist learning theory. Besides, the combination of learning
theory and the other strategies is an effective approach for developing acid-base conceptual
understanding.

However, the researches as mentioned above have not developed all three
domains simultaneously to include: conceptual understanding, integrated science process
skills, and attitude towards chemistry. Those approaches are not suitable for developing all
three main goals.

Therefore, the laboratory learning model using social constructivist approach
and the connection between the three levels of representations were developed to promote
conceptual understanding of acid-base, integrated science process skills, and attitude
towards chemistry laboratory learning. Everyday materials were used for seeing the
relationship of in school learning and the real world. Analogies and technological tools
were used to help students in making a connection between the three levels of chemical

representation.



CHAPTER 3
Methodology

This chapter reports on the processes for the development and evaluation of the
effectiveness of the Acid-base Laboratory Learning Model for upper secondary students in
Thailand. The processes are described as follows:

1. Research Participants

2. Research Instruments for the Study

3. Research Procedures

Phase I: Collecting Preliminary Data
Phase II: Developing the Acid-base Laboratory Learning Model
Phase lll: Implementing the Acid-base Laboratory Learning Model
Phase IV: Evaluating the Effectiveness of the Acid-base Laboratory Learning
Model
4. Related Statistics

5. Ethical Issues in Data Collection

1. Research Participants
The research participants in this study included: (1) the researcher, (2) a chemistry
teacher, and (3) upper secondary students. The details are as follows.
1.1 The Researcher
The researcher developed the Acid-base Laboratory Learning Model,
developed research instruments, and conducted teacher training for the use of the learning
model. During Phase | and Phase lll the researcher was an observer of the instructional
process in classrooms and the role of the researcher was as a non-participant observer.
After the implementation phase the researcher analyzed and interpreted all data for
evaluating the effectiveness of the learning models.
1.2 The Participating Chemistry Teacher
The teacher who participated in this work was Miss Dang (Anonymous name).
She had been teaching chemistry for twenty years in the upper secondary school levels. In
this research she was observed by the researcher for her normal classroom activity in
teaching the acid-base topic in Phase | (2013 academic year). After the Acid-base

Laboratory Learning Model was completely developed, Miss.Dang was prepared for a good
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understanding of the learning unit according to the Acid-base Laboratory Learning Model,
instructional material and role of teacher. Then she taught the students using the
developed Acid-base Laboratory Learning Model in Phase Ill (2014 academic year).
1.3 Participating Students

The students who participated in this work were 11th Grade science students
from a school in the Chonburi province. This province is only about eighty kilometers from
the capital city Bangkok. The school was selected by convenience sampling from the
public secondary schools in Thailand that learn the acid-base topic using the IPST
textbooks. There were four science classrooms in each grade level. One classroom was
the “gifted-science classroom” with students that learned with a special curriculum, another
three classrooms were the normal classrooms that learned science using the IPST
textbooks. Nevertheless, one of normal classrooms was taught by a student teacher.
Students in two of the science classrooms who learned with the IPST textbooks were
selected to participate in this study. The two 11th Grade science classrooms in the second
semester of the 2013 academic year participated in Phase | as a control group by learning
with normal teaching with no treatment added. Another two 11th Grade science classroom
in the second semester of 2014 academic year participated in Phase Ill as an experimental
group by learning with the Acid-base Laboratory Learning Model which was developed for
this research. The role of students in both control and experimental groups were engaged
in acid-base classroom learning, with tests, interviews, and questionnaires administered

between and after learning.

2. Research Instruments for the Study
Research instruments for this study were categorized into two parts as follows:
2.1 The Acid-base Laboratory Learning Model and the Learning Unit
A process of developing the Acid-base Laboratory Learning Model and the
Learning Unit according to this learning model were discussed in the research procedure
Phase II.
2.2 The Research Instruments for Collecting Data
The research instruments for collecting both quantitative and qualitative data in
this study included: (1) an acid-base conceptual understanding test, (2) integrated science

process skill test, (3) an attitude towards chemistry laboratory learning questionnaire,
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(4) classroom observation form, and (5) an interview protocol. The process of developing
each research instrument was described as follows.
2.2.1 Acid-base Conceptual Understanding Test (ABCUT)

The acid-base conceptual understanding test was developed to determine
the upper secondary students’ understanding of acid-base concepts. The test had a
multiple choice format which consisted of thirty-two items, covering twelve concepts. The
processes of the development is illustrated as follows:

1) Determining content areas and concepts in the acid-base topic. These
were based mostly on a list which appeared in the Chemistry Textbook Volume 3 of the
Institute for the Promotion of Teaching Science and Technology (IPST), Thailand (2006:
118-214). The main content areas and concepts in the acid-base topic comprised of 12
concepts: electrolyte and non-electrolyte solution; acid-base theory; conjugate acid—base
pairs; dissociation of water; pH solution; dissociation of strong acids or bases; dissociation
of weak acid-base; indicators; acid-base reaction; hydrolysis; titration; and buffer solution.

2) Determining objectives based on the definition of conceptual
understanding of acid-base concepts. The conceptual understanding defined in this
research includes the ability to explain, give an example, interpret, and apply the concepts
to solve various chemical problems and phenomena.

3) Constructing the test items and each item included four choices. There
were three to four items for each concept, thus a total of forty items were developed to
cover twelve concepts of acid-base. The information from literature related to the students’
conceptual understanding and alternative conceptions about the acid—base chemistry
concepts was used for constructing the questions and choices (Chin; Lin; & Liang. 2011;
Kousathana; Demerouti; & Tsaparlis. 2005; Ozmen; Demircioglu; & Coll. 2009; Sesen; &
Tarhan. 2011). Some questions were adapted from the questions in the research of Artde;j,
et al. (2010) and Bowen; & Bunce (1997:13).

4) Verifying the content validity. For the content validity and error
reduction the items were evaluated by three chemistry educators. The index of consistency
(IOC) was used for determining a content validity. Then, the test was improved following the
experts' suggestions.

5) The test was piloted with a total of eighteen students to establish the
time to complete the test and to improve the language used. The test length was

approximately sixty minutes.
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6) Examining and identifying the reliability of the test. The test was
administered to three classrooms of a school consisting of one hundred and ten students
who had already been taught the acid-base topic. Subsequently, the score of those
students was used for the testing item discrimination (r) using the upper and lower 27% of
the sample group technique. Finally, the test consisted of twenty-five items. The reliability
of the test was calculated by KR-20 and it was 0.73. The discrimination index of twenty-five
items ranked from 0.20-0.63 with the exception of two items. These two items which asked
about the neutralization (r=0.03) and reactions of acids (r=0.03), were not cut out because
they were important concepts that students should understand correctly. The results are

shown in Appendix B.3. The revised version is shown in Appendix C.1.

2.2.2 The Integrated Science Process Skills Test (ISPST)

The integrated science process skills test was developed to measure the
integrated science process skills of students. The test covered five integrated science
process skills including: identifying and controlling variables, formulating hypotheses,
defining variables operationally, experimenting, and interpreting data and making
conclusions. The questions were related to the chemistry content for students at the high
school level. The test was a paper-and-pencil test and consisted of thirty items of multiple
choice with four options, with six items for each skill. The procedure for constructing the
science process skills test is listed as follows:

1) Making a definition for each skill and determining the objective of the
test items. The definitions of integrated science process skills are as follows.

- Formulating hypotheses means an ability to state the expected
outcome of any experiment or problem. The statement shows the relationship of
independent and dependent variables that could be tested through experimentation.

- ldentifying and controlling variables means the ability to identify
independent variables, dependent variables, and control variables

- Defining variables operationally means the ability to determine the
definition and scope of a variable that can be measured and observed in an experiment.

- Experimenting means the ability to select the equipment, design
process and conduct an experiment in order to find the answer from the formulated

hypotheses.
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- Interpreting data and making conclusions means the interpretation or
description of the experimental data and conclusions of the relationship between variables
of the data.

2) Constructing the test items. The questions in the test items were of
well-known situations related to the chemistry content for upper secondary students with a
total of thirty items. Some questions in the test were adapted from literature (Bunnag.
2005: 138-142; Dillashaw; & Okey. 2006: 603-604; & Enger; & Yager. 2001).

3) Examination of the science process skills test by advisors and revision
of the test following the advisors’ suggestions.

4) Verifying the content validity. The reationship between questions,
measured skills, and wording was examined by the three experts. The 10C is used for
determining the content validity. The items with an IOC above 0.50 were selected. Only
two items (item 5 and 25) had an IOC less than 0.50, however, these items were revised
following the experts' suggestions.

5) The test was piloted with eighteen students to establish the time to
complete the test and to improve the language used.

6) The test was administered to three classrooms of one hundred and ten
upper secondary students in a school. The students’ responses were scored individually by
marking +1 for a right answer and 0 for a wrong one. The scores of these students were
consequently used for calculating the reliability (KR-20) of the test, item difficulty (p) and
discrimination index (r). Finally, the test consisted of twenty items. It was found that the
reliability (KR-20) of the test was 0.78 which was higher than the generally acceptable value
of 0.7 up (Worrakam. 2011: 297). The discrimination index ranked from 0.32-0.79. Only one
item has a discrimination index less than 2.00 (0.17). However, this item had a difficulty
index of .45 which was an acceptable value. The results here indicated that the test was
valid to measure high school students’ integrated science process skills in a chemistry
classroom. The results are shown in Appendix B.4. The revised version is shown in

Appendix C.2.

2.2.3 Attitude towards Chemistry Laboratory Learning Questionnaire
(ACLLQ)
The attitude toward chemistry laboratory learning questionnaire was

developed as opinion statements using five-point Likert scales starting from strongly agree
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to strongly disagree. Each statement reflected the feeling of a student as either the
students ‘like or dislike’, or ‘valuing or non-valuing’ when engaging in chemistry laboratory
leaning. The processes of developing the attitude toward chemistry laboratory learning
questionnaire are detailed as follows:

1) Making a definition of attitude toward chemistry laboratory learning. In
this study, an attitude object was chemistry laboratory learning. The chemistry laboratory
learning refers to learning chemistry via laboratory activities. The “attitude toward chemistry
laboratory learning” means students like or dislike, valuing or non-valuing to engage in
chemistry laboratory learning.

2) Constructing statements which reflected positive or negative feelings
toward chemistry laboratory learning. The constructed statements were categorized into 4
aspects: (1) the importance of a laboratory in chemistry learning; (2) the difficulty of
chemistry laboratory; (3) the interest of chemistry laboratory; and (4) the usefulness of
chemistry laboratory (adapted from Salta; & Tzougraki. 2004: 538). Nonetheless, some
statements were adjusted from previous studies which included Rompayom (2010: 283-
286); Salta; & Tzougraki (2004: 545-546); and Cheung (2009: 79). The remaining
statements were created by the researcher to complete the questionnaire. The
questionnaire had a total of thirty-four statements with seven to ten statements for each
category, and consisted of both favorable and unfavorable statements toward chemistry
laboratory learning.

3) Examining the questionnaire by advisors and revising the test following
their suggestions.

4) Verifying face validity by three experts. The experts verified the face
validity between the purpose of each category and each statement. Then, it was improved
following the experts’ suggestions.

5) Pilot study with a small group of students for comprehension. The
questionnaire was verified an understandable language by eighteen high school students
who were not the target group. The questionnaire then was revised to be better understood.

6) Field testing the questionnaire. The questionnaire was administered to

three classrooms (110 students) of upper secondary students in a school.

7) The reliability of the test was calculated by Cronbach alpha (Ql)

coefficient. The favorable statements were scored from 1 to 5 and the unfavorable



70

statements were scored in the reverse order. The reliability (O) was 0.92. The result are

shown in Appendix B.5. The revised version is shown in Appendix C.3.

2.2.4 Classroom Observation Form

A classroom observation form was developed to collect the data for
answering the research question ‘How does the Acid-base Laboratory Learning Model affect
students’ conceptual understanding of acid-base, integrated science process skills, and
attitude towards chemistry laboratory learning?” The procedures for developing the
classroom observation form are listed as follows.

1) Indentifying the purpose of classroom observation. In this study, the
aims of the observation were to study the environment of acid-base classroom teaching,
and to study the factors that promote students’ conceptual understanding, integrated
science process skills and attitude toward chemistry laboratory learning.

2) Reviewing the related research literature about improving conceptual
understanding (Gabel. 1999), integrated science process skills (Hofstein; & Lunetta. 2004;
Berry; et al. 1999), and attitude toward science (George. 2000; Papanastasiou; &
Papanastasiou. 2004)

3) Constructing the issues/main points of observation based-on the
information from literature review. The issues of observation were: position of the students
and teacher in classroom, teaching approach, objective of learning, focusing on prior
knowledge, classroom materials, laboratory learning and skills that have been used, using
familiar chemicals in laboratory, conceptualization after laboratory learning, liking acid-base
learning with everyday life, connection to the three levels of representation, the approach to
explain the abstract concepts, student-student and teacher-student interaction, cooperative
learning, and application of knowledge.

4) Examination by the advisors and revision.

5) Verifying face validity by three experts. The three experts verified the
face validity between the purpose of classroom observation and issues in observation then
it was revised following their suggestions. The results are shown in Appendix B.6. Some
items wer revised following the experts’ suggestions. The revised version is shown in

Appendix C.4.
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2.2.5 Interview Protocol

An interview protocol is the set of questions to be presented to the
informants. The interview protocol that was used in this inquiry consisted of an interview
protocol for students and for the teacher. The protocols were developed by the researcher
in the form of a semi-structured interview to collect the data for answering the research
question, ‘How does the Acid-base Laboratory Learning Model affect students’ conceptual
understanding of acid-base, integrated science process skills, and attitude towards
chemistry laboratory learning? The procedures for developing each protocol are described
as follows.

2.2.5.1 The Interview Protocol for Teacher

1) Identify objectives of interview. The objective of the interview was to
get feedback from the teacher about acid-base teaching and learning.

2) Reviewing the related literature and constructing the issues in the
interview. The issues in the teacher’s interview were: background information; objective of
acid-base teaching and learning; acid-base teaching approach; the strength of the teaching
approach; the weakness of the teaching approach; the satisfaction towards the teaching
approach; the obstacles of acid-base learning; laboratory in acid-base learning in terms of
frequency, objective, activities, and problems; and the reasons of not using the laboratory.

3) Examination by the advisors and revision.

4) Verifying face validity by three experts. The experts verified the
face validity between the objective of the interview and the issues. The result are shown in
Appendix B.7. Some items were revised following the experts’ suggestions. The revised
version is shown in Appendix C.5.

2.2.5.2 The Interview Protocol for Students

1) Identify objectives of interview. The objective of the interview was to
study the students’ views about acid-base teaching and learning.

2) Reviewing the related literature and constructing the
questions/issues of the interview. The questions/issues were: What are the objectives of
acid-base learning?; How did the teacher teach?; What do you think about the teaching
approach that the teacher used in terms of strength, weakness, and satisfaction?; the
obstacles of acid-base learning; laboratory in acid-base learning in terms of frequency,
objective, activities, and problems; and the reasons of not using the laboratory.

3) Examination by the advisor and revision.
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4) Verifying face validity by three experts. The experts verified the
face validity between the objective of the interview and questions/issues. The results are
shown in Appendix B.7. Some items were revised following the experts’ suggestions. The

revised version is shown in Appendix C.6.

3. Research Procedures

The type of research design used in this study was a mixed method design.
Creswell (2005: p.510) defined a mixed method research design to be “a procedure for
collecting, analyzing, and mixing both quantitative and qualitative data in a single study to
understand a research problem, which is a legitimate inquiry approach”. The mixed method
study can be conducted, (1) when there is both quantitative and qualitative data and to
provide a better understanding of a research problem. (2) to follow up a quantitative study
with a qualitative one to obtain more detailed specific information than can be gained from
the results of statistical tests. (3) to incoroperate a qualitative component into an otherwise
quantitative study.

A mixed method design can be categorized into three types (Creswell. 2005:
513): (1) The triangulation mixed method design simultaneously collects both quantitative
and qualitative data, merge the data, and use the results to understand a research problem.
(2) The explanatory mixed method design consists of first collecting quantitative data and
then collecting qualitative data to help explain or elaborate the quantitative results. (3) The
exploratory mixed method design is the procedure of first gathering qualitative data to
explore a phenomenon and then collecting quantitative data to explain a relationship found
in the qualitative data.

In the quantitative study, the experimental design was a nonequivalent (pre-test
and post-test) control-group design as illustrated in Table 3. In this design, a popular
approach to quasi-experiments, the experimental group (E) and the control group (C) were
selected without random assignment. Both groups took a pre-test and post-test. Only the

experimental group received the treatment (Creswell. 2003: 169).
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Table 3 Nonequivalent (Pre-test and Post-test) Control-group Design

Group Pre-test Treatment Post-test
C 0] - 0]
E 0] X 0]

This notation is as follows (Creswell. 2003: 167; citing Campbell; & Stanley.
1963: 6):

X represents and exposure of a group to an experimental variable or event,
the effects of which are to be measured.

O represents an observation or measurement recorded on an instrument.

The left-to-right dimension indicates the temporal order of procedures in the
experiment.

For qualitative data, the findings of qualitative data were accurately found and
triangulated, which is a process of corroborating evidence from different individuals (a
teacher and students), and types of data (classroom observation and interviews) in
descriptions and themes of the data findings.

Furthermore, this research was carried out using two complementary studies
(Webb; & Treagust. 2006). The first study was carried out in the 2013 academic year.
The purpose of the first study was to collect the data of acid-base normal classroom
teaching, which was the control group, via quantitative testing and qualitative classroom
observations and interviews. The second study was carried out in the 2014 academic year.
The participants in the study formed the experimental group. They were taught through
using the Acid-base Laboratory Learning Model. The quantitative and qualitative data were
also collected in the same way as the control group.

From the research design as mentioned above, the process of developing and
evaluating the effectiveness of the Acid-base Laboratory Learning Model was divided into
four phases as shown in Figure 6.

3.1 Phase I: Collecting Preliminary Data

The aim of the preliminary data collection was to collect the data of the normal
classroom teaching on acid-base, which was a control group, using both quantitative and

qualitative research instruments. In addition, the qualitative data from this phase was used
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to develop the Acid-base Laboratory Learning Model and learning units based on the
developed learning model.

The data collection of the control group was performed in the second semester
of the 2013 academic year with two 11th Grade science classrooms. The collected data in
this phase had no any treatment. Only normal acid-base classroom teaching took place.

The collection of both quantitative and qualitative data is described as follows.

Phase | Collecting Preliminary Data

(2013 Academic Year)

Il

Phase Il Developing the Acid-base Laboratory Learning Model

{1

Phase lll Implementing the Acid-base Laboratory Learning Model

(2014 Academic Year)

0

Phase IV Evaluating the Effectiveness of the Acid-base Laboratory Learning Model

Figure 6 The Research Process

3.1.1 Quantitative Data Collection
The acid-base conceptual understanding test and integrated science
process skills test were administered to two classrooms before the acid-base instruction as
a form of pre-test. After completing the acid-base topic, the tests were employed as a
post-test.
3.1.2 Qualitative Data Collection
Classroom observation carried out during normal acid-base classroom
teaching. Non-participant observation was used for observation of the classrooms. The
researcher was a non-participant observer as an outsider sitting on the periphery or at

some advantageous place to watch and record the phenomena under study (Creswell.
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2005: 212). In this study, the researcher was sitting at the back of the classroom taking a
fieldnotes using a structured observation form as an instrument and using videotape to
record the social situation of an individual, group as well as the whole class.

A semi-structured interview of the students was conducted, after finishing
the normal classroom teaching on acid-base topic, with a total of 18 students from the two
classrooms with six low, medium, and high scoring students. The interview type was a
one-on-one interview—a data collection process in which the researcher asks questions
and records only one participant in the study at a time (Creswell. 2005: 215). The meeting
was held in a private room at the school site. The interviews were recorded on a recorder
and then the transcript of the interview was prepared immediately after the interview.

A semi-structured interview of the teacher was conducted after finishing
the acid-base topic. Before the interview, the teacher read the open-ended questions on
the interview protocol and then the researcher interviewed the teacher. The interview was
recoded on a recorder and then the transcript of the interview was prepared immediately

after the interview.

3.2 Phase lI: Developing the Acid-base Laboratory Learning Model

The aim of this phase was to develop the Acid-base Laboratory Learning
Model and to design a learning unit based on the learning model in order to promote the
upper secondary student’s conceptual understanding of acid-base, integrated science
process skills, and attitude towards chemistry laboratory learning. This phase was
composed of two stages: (1) developing the Acid-base Laboratory Learning Model, and (2)
designing the learning unit based on the learning model. The details of each stage are
described as follows.

3.2.1 Developing the Acid-base Laboratory Learning Model

1) Studying and analyzing the data relating to high school acid-base

teaching and learning in the Thai context. The data was derived from: (1) the study of the
Thai high school students’ perspective on chemistry and laboratory learning by a researcher
using an open-structured interview protocol. The subjects were 30 high school students in
the 2011 academic year from a school in the Chonburi province (Seetee. 2012: 29); (2)
classroom observation and a teacher’s interview with the control group in the 2013

academic year (Phase I). The information was summarized as follows.
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- Mostly teacher-centered with a lecture-type format used. Students
were passive in the learning process. They only listened to their teacher, wrote notes, and
used textbooks and worksheets as a learning material (from observation).

- The teaching approach that the students prefered and enjoyed the
most was laboratory learning, which they said was fun and helped them to understand the
chemistry concepts as well as enhance their science process skills (Seetee. 2012: 29;
Students’ interview. 2013). However, in a practice in acid-base classroom there were no
experiments conducted in a chemistry classroom (from observation).

- Students did not know the aims or learning objectives before learning
(from observation).

- There was a time limit for learning the acid-base topic. This was the
last topic in the second semester of the academic year. Actually, according to the IPST
science curriculum the time should have been twenty-eight periods to be used for the acid-
base learning (IPST. 2004: 113), but in practice there were only five weeks with a total of
fifteen periods (from observation) because in the second semester there were many school
activities that the students had to do and the classes had to be canceled such as for Sports
Day and School Day.

- Acid-base is a topic that students feel is difficult (Seetee. 2012: 29)

- Acid-base topic has many abstract concepts. The teacher did not
know how to explain them (Miss Dang. 2013: interview).

2) Studying the related literature concerning conceptual understanding,
integrated science process skills, attitude toward science, chemistry teaching and learning,
laboratory learning, learning theory, and why chemistry being difficult.

3) Developing the learning model. The development of the learning model
was based on laboratory learning, social constructivism, and the connection between the
three levels of chemical representation as follows.

3.1) Laboratory learning

Laboratory learning has been proven by many researchers to
provide many benefits. Laboratory learning enhances conceptual understanding, science
process skills and attitude toward science which are the vital outcomes of science
education which were emphasized in this study. However, the use of only laboratory
learning in teaching and learning might not result in the successful learning outcomes

caused by several factors as follows:
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- Learning without regard for social-cultural influence (Hodson.
2001: 17).

- Lack of connection between the new knowledge from laboratory
learning and students’ prior knowledge (Berry; et al. 1999: 28).

- Doing laboratory for theory or concept confirmation that the
students already knew but not for constructing their own concept nor for connecting the
concept with theory (Kirschner; & Meester. 1988: 85).

- Lack of prompting students to apply the science processes skills
in laboratory work (Berry; et al. 1999: 28).

- Students do not know aims and purposes when doing the
experiment (Berry; et al. 1999: 30; Shah; Riffat; & Reid. 2007: 78).

Many research studies on laboratory learning stated that the laboratory
activity could be effective if it was integrated with the learning theory like social
constructivism. Thus, in this study social constructivism was integrated in order to fulfill the
deficiencies in laboratory learning.

3.2) Social constructivism

Social constructivism views learning as an active process in which
learners actively construct their own knowledge. Knowledge building is not a lonely process
instead it is a process created by sharing experiences and discovering meanings together
with peers and teachers through dialogue and interpersonal-social communication. The
teaching and learning framework of social constructivist learning theory consists of six
essential features as follows.

i) Students are active learners with the teacher acting as a
facilitator or scaffolder.

i) Awareness of students’ prior knowledge and alternative
conceptions

ii) Learning requires social interaction and collaboration.

iv) Students’ construct his/her own knowledge from the new
learning, prior knowledge and social interaction.

v) Providing students with opportunities to apply concepts learnt.

vi) In-school learning experience should be related to daily life

experience.
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3.3) Three levels of representation

The nature of chemistry knowledge which exists in the three levels
of representation: macroscopic, submicroscopic and symbolic levels makes chemistry be
more difficult. Understanding the knowledge for the three levels of representation and see
the connections between them would bring about the conceptual understanding and
understanding of the abstract concepts.

Hence, enhancing the conceptual understanding of acid-base,
integrated science process skills and attitude towards chemistry laboratory learning should
have the following key features.

- Consideration of the teacher’s and students’ roles. Students act
as active learners and teachers act as facilitators. In order to achieve the conceptual
understanding that knowledge is not transmitted and students need to build it themselves.

- Review background knowledge. Students should prepare the
background knowledge related to the topic before learning. If students have sufficiently
understood the background knowledge then additional concepts could be easily understood.

- Probing students’ prior knowledge. Teachers should know the
existing students’ knowledge which would be a starting point for constructing the
scientifically acceptable concepts. Teachers should also know if the students concepts are
alternative concepts or not because the teacher can help the students to correct their
concepts after learning.

- Doing experiments. Students should have a chance to practice
and develop the integrated science process skills. For students it would be fun and it might
have a positive attitude effect toward chemistry laboratory learning and It could bring about
an understanding for the acid-base concept more easily.

- Consideration of using everyday materials in experiment. This
helps students to see the link between chemistry in the classroom and their everyday life.
It also dissipates the gap between school and real life.

- Connecting the chemical conceps of the three levels of
representation. This solves the problem of the teacher’s difficulty regarding how to explain
the abstract concepts. Students would be able to deeply understand many abstract
concepts.

- Conclusion or construction of knowledge by the students. The
knowledge should be constructed by individuals from new learning, prior knowledge, and

social interaction. Use of words in constructing knowledge plays a crucial role in the
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development of their thoughts and cognitive development and brings about conceptual
understanding.

- Social interaction. Knowledge building and skill development is
not a lonely or individual operation but rather it is a process crated together with peers and
teachers. It help students to do more than they could do by themselves.

- Application of the students’ knowledge/concepts. This helps
students to see the benefits and to link knowledge with their everyday lives. They could
also perceive that learning is meaningful.

- Informing about the aims of learning and experimentation. This
involves not only informing about the aims of experiments but should also inform about the
objectives before each learning event.

In conclusion, the learning processes in the Acid-base Laboratory
Learning Model are composed of six steps. The aims and sources of each step are shown

in Table 4.

Table 4 The Aims and Sources of the Steps in the Acid-bas Laboratory Learning Model

Step Aims Sources
1. Introduction - To review background concepts - Students’ Interview
or knowledge needed for learning - Classroom observation

- To inform about the
learning objective

- To encourage student interest

2. Elicitation - To probe students’ prior - Social constructivism

knowledge and experience

3. Experimentation - To practice the integrated skills - Laboratory learning
- To have fun - Students’ interview
- To see the macroscopic level - Classroom observation

- Three levels of chemical
representation

Consideration of using - To connect with their daily life - Social constructivism

everyday materials
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Step

Aims

Sources

Consideration of social
interaction and

collaboration

- To help students build his/her
own knowledge and develop the

integrated skills

- Social constructivism

4. Connection

- To link the macroscopic level
with the submicroscopic and
symbolic levels

- To understanding the abstract

concepts

- Three levels of chemical
representation

- Teacher’s interview

Social interaction and

collaboration

- To help students develop their

conceptual understanding

- Social constructivism

5. Conceptualization:

- To conclude or construct the

knowledge in his/her own word.

- Social constructivism

Social interaction and

collaboration

- To help students develop their
thoughts and bring
about the correct conceptual

understanding

- Social constructivism

6. Application

- To make learning is more
meaningful

- To make a link between
chemistry in the classroom and

students’ everyday lives

- Social constructivism

The first draft of the learning model comprised of six steps as follows.

Step 1 Introduction: Recap the concept and skills from the last lesson,

and review basic concepts or knowledge needed for learning. Students are then engaged

in the topic using various techniques and are encouraged to ask questions related to the

topic. Finally, the teacher introduces the objectives of teaching and learning.

Step 2 Elicitation: Individual students answer their own questions in

step 1 and other questions related to the topic based on the students’ prior knowledge and

experience.
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Step 3 Experimentation: Students doing an experiment (guided and
open inquiry) in a collaborative group to promote social interaction. The students learn the
chemistry phenomena at a macroscopic level and are motivated to use the integrated
science process skills. The teacher acts as a scaffolder to support students while doing
experiments. The experiments use chemicals or materials used in the students’ daily life.

Step 4 Connection: Students link the macroscopic level that they have
seen in step 3 with the sub-microscopic and symbolic levels. The teacher acts as a
scaffolder to encourage students to see the relationships between the representations.
Models, analogies, animations, and video clips could be used to help the students to
connect the three levels of representation. Then, the teacher provides explanations to
develop the knowledge of the topic.

Step 5 Conceptualization: The Individual students construct his/her
own concepts by connecting the concepts of new knowledge, prior knowledge, and
knowledge derived from social interaction. The teacher acts as a scaffolder to help students
conduct complete comcepts.

Step 6 Application: Students apply the concepts they have learned to
explain the phenomena in the real world or everyday life. The phenomena include problems
of different situations both conceptual and numerical. The application aims to make learning
be more meaningful and link chemistry in the classroom with the students’ everyday life.

4) Writing the draft of the the Acid-base Laboratory Learning Model which
was composed of eight sections: (1) Background, (2) Theory/principles, (3) Purposes,

(4) Processes, (5) Teacher and student’s roles, (6) Assessments, (7) Outcomes, and
(8) Suggestions.

5) Examination of the draft of the Acid-base Laboratory Learning Model by
advisors and revision following their comments and suggestions.

6) Verifying the appropriateness and the consistency (using the index of
consistency (I0C)) of the draft acid-base laboratory learning model by five experts. If the
Acid-base Laboratory Learning Model had the level of appropriateness higher than 3.50
then it would mean the learning model was appropriate (Cojorn. 2011: 75) and if the 10C
was higher than 0.5 then it would mean that the components of the learning model would
have internal consistency (Cojorn. 2011: 75).

7) Revision of the learning model based on comments and suggestions of

experts.
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3.2.2 Developing the Learning Unit based on Acid-base Laboratory
Learning Model

The processes of developing the learning unit based on the Acid-base
Laboratory Learning Model are described as follows.

1) Studying the acid-base content from several resources such as
textbooks and related literature.

2 Analyzing the content areas and main concepts needed to be taught to
the students and which the students need to learn. The content areas and main concepts
were in accordance with the Chemistry Textbook Volume 3 of the Institute for the Promotion
of Teaching Science and Technology (IPST), Thailand (2006: 118-214).

3) Organizing the content areas and concept of acid-base. The acid-base
content areas were arranged from easy to difficult concepts and following the prioritisation
of what the students need to know step by step.

4) Developing the draft of the acid-base learning unit. The learning unit
was composed of;

- Basic information: This was a description of the Acid-base Laboratory
Learning Model comprising of: 1) background, 2) theory/principle, 3) purpose, 4) process, 5)
teacher and student’s role, 6) assessment, 7) outcome, and 8) suggestions.

- Overview: This comprised of an overview of the lesson plan, learning
objective, and concepts.

- Lesson plan: The lesson plan comprised of; topic, time usage,
learning objectives, learning concepts, learning activities, materials, and assessments. The
learning activities in the lesson plan were to carry out the process of the developed acid-
base laboratory learning model. In addition, it also included worksheets, for example,
experiments, exercises, additional knowledge, and answer keys.

5) Determining the quality of the learning units and instructional materials.
There was verification by three experts. Then revision of the lesson plans were carried out
as suggested by the experts.

6) Conducting a pilot study. The learning unit based on the Acid-base
Laboratory Learning Model was tried out as a pilot study to investigate the suitability of
time, language used, and other factors. Then, improvements were made according to the

pilot study information.
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3.3 Phase llI: Implementing the Acid-base Laboratory Learning Model
The aim of this phase was to implement the Acid-base Laboratory Learning
Model and to collect the data of the experimental group which learnt with the Acid-base
Laboratory Learning Model using both quantitative and qualitative research instruments.
3.3.1 Implementing the Acid-base Laboratory Learning Model

The Acid-base Laboratory Learning Model was implemented with two 11th
Grade science classrooms (total 86 students) in the second semester of the 2014 academic
year which was the experimental group. The same teacher as in the phase | taught these
students using the Acid-base Laboratory Learning Model. Before implementing the Acid-
base Laboratory Learning Model with the experimental group the researcher prepared the
teacher to have a good understanding of the Acid-base Laboratory Learning Model. The
researcher was an observer during the acid-base classroom teaching with the Acid-base
Laboratory Learning Model.

3.3.2 Data Collection

The procedure for the data collection of the implemention of the Acid-base
Laboratory Learning Model was the same as that in Phase |. Multiple methods of data
collection were employed such as; examination of students’ conceptual understanding of
acid-base, integrated science process skills, and attitude towards chemistry laboratory
learning; classroom observation and semi-structured face-to-face interviews of the teacher
and students.

The ABCUT and ISPST was administered before using the Acid-base
Laboratory Learning Model as a form of pre-test. After completing the teaching with the
Acid-base Laboratory Learning Model, the ABCUT, ISPST, and ACLLQ were employed as
a post-test.

Classroom observation was carried out during the acid-base teaching with
the Acid-base Laboratory Learning Model. Non-participant observation was used for the
observation of two classrooms. The researcher was the nonparticipant observer at the
back of the classroom taking fieldnotes using a structured observation form as an
instrument and video recording the social situation of individuals, groups, and the whole
class.

A semi-structured interview of the students was conducted after completing

the treatment with a total of eighteen students from two classrooms; six each of low,
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medium, and high score students. The one-on-one interviews were done and recorded on
a recorder.

A semi-structured interview of the teacher was conducted after finishing
the acid-base learning unit according to the Acid-base Laboratory Learning Model. The
teacher read the questions on the interview protocol and then the researcher asked the

teacher to answer the questions. The interview was captured on a video recorder.

3.4 Phase IV: Evaluating the Effectiveness of the Acid-base Laboratory

Learning Model

The aim of this phase was to analyze the effectiveness of the Acid-base
Laboratory Learning Model. The quantitative data from the three tests were used to answer
research question 1. The result of the qualitative data analysis was used to answer
research question 2. The quantitative and qualitative data were used to explain the
effectiveness of the Acid-base Laboratory Learning Model. The data analysis is described
as follows.

3.4.1 Quantitative Data Analysis

The results of the pre-test and the post-test for the control and
experimental groups were analyzed. The post-test scores of the control and experimental
groups were statistically compared to answer the research hypotheses for determining the
effectiveness of conceptual understanding, integrated science process skills and attitude
towards chemistry laboratory learning as follows.

1) An independent t-test at a .05 level of significance was used to
compare the mean score of acid-base conceptual understanding between the control group
and the experimental group to find out if the students’ conceptual understanding on acid-
base of experimental group would be statistically significantly higher than the control group.

2) An independent t-test at a .05 level of significance was used to
compare the mean score of the integrated science process skills between the control group
and the experimental group to find out if the students’ science process skills of the
experimental group would be statistically significantly higher than the control group.

However, the students' pre-test scores of both groups were not equivalent
and the one way analysis of covariance (One-way ANCOVA) was used to analyze the data

by using the pre-test scores to show covariation.



85

3) One sample t-test at the .05 level of significance was used to compare
the mean score of attitudes toward chemistry laboratory learning after teaching with the
Acid-base Laboratory Learning Model to find out if the students’ attitudes toward chemistry
laboratory learning after using the learning model would be statistically significantly higher
than the high level (3.5) at a .05 level.

3.4.2 Qualitative Data Analysis

Thematic analysis was used to analyze the data from the classroom
observations and interviews. The fieldnotes and the transcribed audio recording and video
recorder were coded and interpreted. The data between the control group and the
experimental group was compared. Then, the information as to what are the key factors of
the Acid-base Laboratory Learning Model that have an affect on students’ conceptual
understanding, integrated science process skills, and attitude towards chemistry laboratory

learning was synthesized to make a conclusion to report.
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4. Related Statistics
The statistics involved in this study were statistics for assessing research
instruments and statistics for hypothesis testing. These are described below.
4.1 Statistics for Assessing Research Instruments
Statistics for assessing research instruments are described as follows.
4.1.1 The Index of Consistency (I0C)
The IOC was used to evaluate the content validity of; (1) the Acid-base
Laboratory Learning Model, (2) the learning unit based on the learning model, (3) acid-base
conceptual understanding test, and (4) integrated science process skills test; and the face
validity of (1) attitudes toward chemistry laboratory learning, (2) classroom observation form,

and (3) interview protocol. The three levels of the rating scale were weighted by experts as

follows:
The consistent level Scale value (points)
Consistent +1
Unsure 0
Inconsistent -1

The formula used to calculate the IOC is (Srisaard. 2002: 63):

MR
I0G=——
N

Where:

IOC  means index of consistency

2R means total score from the experts
N means number of the experts
4.1.2 The Appropriateness Evaluation
The appropriateness evaluation was used to evaluate the Acid-base
Laboraoty Learning Model. The appropriateness level of each statement was ranged as the

following scores (Cojorn. 2011: 74):

The appropriateness level Scale value(points)
Very high level 5
High level 4

Moderate level 3



87

Low level 2
Very low level 1

The data from the evaluation form was analyzed by calculating the mean

scores and assigning weightings as follows (Cojorn. 2011: 74).

Mean scores Appropriateness level
4.51-5.00 Very high level
3.51-4.50 High level
2.51-3.50 Moderate level
1.51-2.50 Low level
1.00-1.50 Very low level

4.1.3 The Item Difficulty (p)

Analyzing the test item difficulty of the acid-base conceptual understanding

and science process skills used the formula as follows (Worakitkasemsakul. 2011: 291):

R
B

M
Where:
p means the item difficulty
R means the number of students who answered the item correctly
N means the total number of students who answered the item
4.1.4 The Item Discrimination (r)
Analyzing the test items of discrimination of the acid-base conceptual

understanding and science process skills was calculated by using the formula as follows
(Srisaard. 2002: 84):

I:aU -RL

r:

Where:
r means the discrimination item
Ry means the total number of students in the upper group

R, means the total number of students in the lower group
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N means the total number of students in the upper group or the
lower group
4.1.5 The Reliability of the Research Instruments
For this study, the reliability of the acid-base conceptual understanding test
and science process skills test were examined by using the Kuder-Richardson Formula 20
(KR 20) and the reliability of the attitudes toward chemistry laboratory learning was
examined by using the Cronbach's alpha coefficient.
4.1.5.1 Kuder-Richardson Formula 20 (KR 20)
The Kuder-Richardson measure of reliability was obtained by using the

following formula (Keeves. 1997: 787):

KR20= (nn 1) »- Zszqi

The elements in the formula are defined as follows:
KR20 means the reliability of the test
n means the number of items in the test

sz means the variance of the test X

Zpiqi means the sum of p times q products for all items
Where p and q are the proportion of the participants whose
responses are correct and incorrect, respectively (note that p + q = 1 for each item).

4.1.5.2 Cronbach's Alpha Coefficient

Cronbach’s alpha (QL) is computed by the following equation (Keeves.

1997:786):

n-1 Si
Where
a means the reliability of the test
n means the number of items in the test
Siz means the variance of the item i

Sy means the variance of the test X
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The KR20 and Cronbach’s alpha produce values ranging from 0-1.00,
with higher values indicating a higher degree of internal consistency or reliability (Gravetter;

& Forzano. :480).

4.2 Statistics for Hypothesis Testing
4.2.1 Basic Statistics
Basic statistics such as mean, standard deviation, and variance were used
to calculate the scores of acid-base conceptual understanding, integrated science process
skills, and attitude toward chemistry laboratory learning.
4.2.2 Statistics for Testing Hypotheses
4.2.2.1 Statistics for Testing Hypotheses of conceptual understanding
and integrated science process skills

The statistics for analyzing if mean scores of the experimental group
on conceptual understanding and integrated science process skills are higher than the
control group depended on the pre-test scores.

1) As the students' pre-test scores of both groups were equivalent, the
independent t-test was used to analyze the data. However, the t-test can be categorized
into two groups as follow.

1.1) For equal population variances (612 = 622), the following

formula will be used (Wanichbancha. 2010: 108-109).

degrees of freedom (df) for this t-statistic = ny + n, -2
Where

t means test statistic value

X means sample mean for each group

S, means standard deviation for the two samples

n means sample size for each group
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(n, - 1)+ (n, - 1)s?

n, +n, -2

S5

2 .
S, means pooled variances for the two samples

2 .
S means sample variance for each group

1.2) For unequal population variances ((512 * 622), the following
formula will be used (Wanichbancha. 2010: 109).

The value of degrees of freedom (df) for this t-statistic is as follows

(s%n, + S2in,)?

2 z
5y/n, y 52/n,

df =

ny - ——ng—1

Where
t means test statistic value
df means degrees of freedom
¥ means sample mean for each group
means sample size for each group

S means sample variance for each group

2) As the students' pre-test scores of both groups were not equivalent,
the one way analysis of covariance (One-way ANCOVA) was used to analyze the data by
using the pre-test scores to show covariance.

4.2.2.2 Statistics for Testing Hypotheses of Attitude towards chemistry

laboratory learning

The attitude towards chemistry laboratory learning was analyzed by
using basic statistics to find the means and standard deviation. A level of students' attitude

towards chemistry laboratory lerning was evaluated by comparing the mean score from the
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attitude toward chemistry laboratory learning questionnaire with a criterion score. The
criterion score was categorized into five levels:
1) a mean score of 4.51 - 5.00 interpreted as a very high level
2) a mean score of 3.51 - 4.50 interpreted as a high level

(1)
(2)
(3) a mean score of 2.51 - 3.50 interpreted as a medium level
(4) a mean score of 1.51 - 2.50 interpreted as a low level

)

5) a mean score of 1.00 - 1.50 interpreted as a very low level.

5. Ethical Issues in the Data Collection

This inquiry had a certificate of approval to do the research as shown in Appendix
F. Prior to the study being conducted the documentation required by the school principle
was submitted and permitted. All the participants were initially informed about the purpose
of the study using an informed consent form. The participants voluntarily took part in the
study.

Furthermore, this research protected the anonymity of the informants by assigning

a number or alias to them to use in the process of analyzing and reporting the data.



CHAPTER 4
Results of the Study

This chapter presents the results of the inquiry in the following order.
1.The results of the preliminary data.
2.The results of developing the Acid-base Laboratory Learning Model.
3.The results of implementing and evaluating the effectiveness of the Acid-

base Laboratory Learning Model.

1. The Results of the Preliminary Data

The preliminary data of the acid-base normal classroom teaching with the
traditional instruction by the participating teacher were collected during the January to
February 2014 period. The participating students in this phase were two science
classrooms in the 2013 academic year (N=98), which was the control group. The results of
the control group were reported in three parts: learning outcomes, students’ learning and
teacher’s teaching, as well as students’ and teacher’'s comments about acid-based
instruction.

1.1 Learning Outcomes

The students’ conceptual understanding of acid-base concepts and integrated
science process skills of the control group was 6.57 and 9.83 in the pre-test, and was 9.39
and 10.57 in the post-test as shown in Table 5. These scores were lower than the 50
percent of the full score in the conceptual understanding test (25), and a little more than 50
percent of the full score in the integrated science process skills test (20).

In comparing the pre-test and post-test scores, the results showed that the
post-test mean score of the students’ acid-base conceptual understanding was statistically
significantly higher than the pre-test at a .01 level. The post-test mean score of the
students’ integrated science process skills was statistically significantly higher than the

pretest at a .05 level.
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Table 5 The Students’ Conceptual Understanding and Integrated Science Process Skills of

the Control Group.

Test N Min  Max X S.D. t p

Conceptual Understanding  Pre 82 1 13 6.57 2749 -7.064** .000
Post 82 1 17 9.39 3.340

Integrated Science Process Pre 82 3 16 9.83 3.610 -1.682* .048
Skills Post 82 4 18 10.57 3.143

*p < .05, **p < .01,

1.2 Students’ Learning and Teacher Teaching
The data collected from the classroom observation and interview related to the
teaching and learning on acid-base could be identified as being three parts as follows.
1.2.1 Teacher-centered approach
In the normal classroom teaching, it was found to be mostly teacher-
centered with a lecture-type format. Students were passive in the learning process. They
only listened to their teacher, made notes, and followed the teachers’ documents as a
learning material. The teacher usually explained the content and then demonstrated how to
solve the numerical problems on the blackboard. After that, the students practiced solving
the problems on worksheets which the teacher had provided and the teacher gave them the
correct answers after the worksheets were completed. For example, student SC16 said
“acid-base had no extra activity. The teacher usually explained the content. The teacher
had a document for use in practice and to solve the related problems”.In addition, the
teacher also said that in her teaching she used “explanation, discussion, and conclusion
technique to teach the concepts, before letting the students practice solving the problems”.
1.2.2 Fifteen periods for acid-base topic
From the classroom observation, it was found that acid-base took about a
total of 15 periods. The time was limited. As the teacher said, “The content was a lot, but
the time was limited. There were many school activities in the semester.”
1.2.3 No experiments
In teaching the acid-base topic, no experiments had occurred in these two

classrooms. The teacher said, “There were no experiments because the time was limited,
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and there was a lot of content which needed to be taught.”
In conclusion, it was found that the instruction of the control group was a
teacher-centered approach. The time used for acid-base teaching was about 15 periods.

Furthermore, the instruction did not include any experiments.

1.3 Students’ and Teacher’s comments about acid-base instruction
Students’ and teacher’'s comments about acid-base instruction could be
identified as four issues as follows.
1.3.1 Difficulty in acid-base teaching and learning
The acid-base topic seemed to be difficult for students to learn and
teachers to teach. For example, student SC16 said, “I could not imagine what an acid or
base is”. The teacher also faced difficulty in teaching. She implied that she did not know
how to help students understand the abstract concept. As she said, “The acid-base topic
has many abstract concepts. | did not know how to explain it.”
1.3.2 Need experiments
From the interview data, most students would like to do experiments.
For example, student SCO8 said, “I would like to do experiments then chemistry learning
would be more interesting.” Student SC04 said, “I would like to do experiments.”
1.3.3 Need in depth learning
Students would like the teacher to explain in more detail. For example,
student SC18 said, “l would like the teacher to explain why these substances are acid or
why these substances are base, and where they come from.”
1.3.4 Need to explore the student’s prior knowledge and provide the
background knowledge
Students indicated that the teacher should check their background
knowledge and provide a background knowledge before teaching complex concepts, since
students have different background knowledge. For example, student SC15 said, “The
teacher should survey the students’ background knowledge. Some students have a strong
background knowledge, but some have not”. Student SC13 said, “My friend told me that
he/she did not understand. Sometimes the teacher taught too fast. The teacher might have
thought that the students’ should have known this concept from before, but actually only a

few students did.”
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In conclusion, the results showed that students and teacher faced the difficulty
in acid-base teaching and learning. In learning , they needed to do experiments, have in
depth learning, and the teacher should do a survey on background knowledge and provide
the background knowledge before teaching.

The data in this phase was used in the development of the Acid-base Labaratory
Learning Model. The results pointed out that; the teacher-centered approach should change
into a student-centered approach. The learning model should give a chance for students to
have in depth learning, do some experiments, consider the students’ background
knowledge, and help the teacher to know how to explain abstract concepts. In addition, the

learning unit should be designed for fifteen periods.

2. The Results of Developing the Acid-base Laboratory Learning Model

The results are reported into two parts, which are the development of the Acid-
base Laboratory Learning Model and the learning unit.

2.1 The Acid-base Laboratory Learning Model

The acid-base laboratory learning model was developed for focusing on

laboratory learning, using social constructivism as a framework of teaching and learning
theory, and connecting between the three levels of chemical representation. The steps of
the learning model were shown in Chapter 1 and 3. The first draft of the learning model
comprised of eight parts: (1) Background, (2) Theory/principles, (3) Purposes, (4)
Processes, (5) Teacher and student’s roles, (6) Assessments, (7) Outcomes, and (8)
Suggestions. It was evaluated by five experts to check the validity in terms of Item of
Consistency (IOC) and appropriateness of the learning model. The results of the |IOC and

appropriateness are shown in Tables 6 and 7, respectively.
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Table 6 The Results of Evaluation on Item of Consistency (IOC) of the Acid-base

Laboratory Learning Model

Lists of Evaluation IOC(N=5) Interpretation
1 Purposes and background 1.00 Consistent
2  Purposes and aims of science learning 1.00 Consistent
3  Theories/principles/concepts and purposes 0.80 Consistent
4  Learning processes and purposes 0.80 Consistent
5 Learning processes and 1.00 Consistent
theories/principles/concepts
6  Teacher’s roles and learning process 1.00 Consistent
7  Students’ roles and learning process 1.00 Consistent
8 Teacher's roles and students’ roles 0.80 Consistent
9  Assessment approach and purposes 0.60 Consistent
10 Assessment approach and learning processes 0.60 Consistent
11 Benefits and purposes 1.00 Consistent
12 Benefits and learning processes 0.80 Consistent
13 Suggestions and learning processes 0.80 Consistent
14 Suggestions and theories/principles/concepts 1.00 Consistent

Average 0.87 Consistent
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Table 7 The Results of Evaluation on Appropriateness of the Acid-base Laboratory Learning

Model

Lists of Evaluation Appropriateness Level of
(N=5) appropriateness
1.  Purposes are suitable for high school 4.60 Very high
students.
2. Theories/Principles/Concepts are suitable for 4.60 Very high
chemistry teaching.
3. Learning processes are suitable for acid- 4.60 Very high
base topic.
4. Step 1 is appropriate and can implement. 4.80 Very high
5. Step 2 is appropriate and can implement. 4.60 Very high
6. Step 3 is appropriate and can implement. 4.60 Very high
7. Step 4 is appropriate and can implement. 4.80 Very high
8. Step 5 is appropriate and can implement. 4.80 Very high
9. Step 6 is appropriate and can implement. 4.60 Very high
10. Given name of each step is appropriate 4.60 Very high
11. The 6 steps of the learning model are 4.40 High
suitable for action
12. Teacher’s roles are suitable and can 4.40 High
implement
13. Students’ roles are suitable 4.40 High
14. Assessment approach is suitable and can 4.40 High
implement
15. The benefits are suitable 4.60 Very high
16. Suggestions are understandable 4.20 High
17. The learning model is appropriate 4.60 Very high
18. What is the quality of the Learning Model 4.40 High
Average 4.56 Very high

The results in Table 6 shows that the I0C is 0.87 which is higher than 0.5.

Furthermore, Table 7 has a level of appropriateness for the Acid-base Laboratory Learning
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Model at 4.56 which is higher than 3.50. Both results demonstrate that the model is valid
and appropriate for use in the chemistry classroom. However, the experts also gave some
suggestions for the learning model improvement as follows:

- In a step 1: introduction, the teacher should give an opportunity to
students to express their own questions related to the topic.

- In a step 4: connection, the students should have an opportunity to
construct their own explanation at the sub-microscopic level. The teacher might help
students to make a connection between the three levels of representation by using
animation, video clips, analogies, or diagrams.

- In a step 6: application, this step should use the situations in daily life
instead of answering a worksheet or practice exercises.

- Misconceptions should be corrected by appropriate strategies.

- Teacher’s role should provide the detail to enable practice.

- Assessments should be incorporated in the learning process.

The researcher revised the learning model based on these suggestions of the

experts.The revised version is shown in Appendix D.

2.2 Acid-base Learning Unit

The Acid-base Learning Unit was developed by the researcher for high school
students. The data from Phase | was used to design the learning unit as well.

The first draft of the Acid-base Learning Unit comprised of nine lesson plans:
(1) Electrolyte, (2) Acid-base theory, (3) Dissociation of water, (4) Dissociation of strong and
weak acid-base, (5) pH of solution, (6) Acids and bases reactions, (7) Hydrolysis, (8)
Titration,and (9) Buffer. The time used was a total of fifteen periods which was the same
used with the control group.

The Acid-base Learning Unit was evaluated by three experts to check the
validity. Then, the evaluation from the experts was analyzed in terms of the index of
consistency (I0OC). The results are presented in Table 8 and it was shown that most have
an I0C higher than 0.5 with the exception of lesson plans 1 and 2 which had some lists of
evaluation at less than 0.5. However, the researcher revised all lesson plans regarding the
the experts’ comments and suggestions (APPENDIX B.2). The second draft had twenty

periods of time being used.
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Mean of IOC of Lesson Plan (N=3)

List of Evaluation

1 2 3 4 5 6 7 8 9
1. Consistency between concepts and learning objectives
1.1 Concepts are in accord 0.67 1.00 067 0.67 0.67 067 1.00 1.00 0.67
with learning objectives
1.2 Concepts are in accord 1.00 1.00 0.67 1.00 0.67 1.00 1.00 1.00 1.00
with aims of learning model
2. Consistency between learning activities and concepts
2.1 Experiements are in accord 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
with concepts
2.2 Learning activities are in 1.00 1.00 1.00 1.00 0.67 1.00 1.00 1.00 1.00
accord with concepts
2.3 Concepts are correct 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
3. Consistency between learning activities and learning objectives
3.1 Learning activities are in 0.67 067 067 1.00 0.67 1.00 1.00 1.00 1.00
accord with learning objectives
4. Consistency between learning activities and learning model
4.1 Learning activities focus on 0.67 0.67 0.67 0.67 0.67 0.67 0.67 1.00 1.00
exploration of prior knowledge,
and connection between prior
and new knowledge
4.2 Learning activities support 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
social interaction
4.3 Learning activities 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
encourage integrated science
process skills development
4.4 Experiments focus on 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
everyday material
4.5 Learning activities bring 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

about a good conceptual

understanding
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Table 8 (Continued)

Mean of IOC of Lesson Plan (N=3)

List of Evaluation
1 2 3 4 5 6 7 8 9

4.6 Learning acitivities make 1.00 1.00 1.00 0.67 0.67 0.67 1.00 1.00 1.00
students feel like having fun

and like experimenting

4.7 Learning acitivities support 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
students to see the connection

between the three levels of

chemical representation

5. Consistency between evaluation and learning objectives

5.1 Evaluation is in accord with 0.33 0.33 067 1.00 1.00 1.00 1.00 1.00 1.00
learning objectives

5.2 Evaluation covers all 0.67 067 033 100 1.00 1.00 1.00 1.00 1.00
learning objectives

6. Consistency between evaluation and learning activities

6.1 Evaluation is in accord with 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
learning activities

6.2 Evaluation is appropriate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

7. Appropriateness of learning activity

7.1 The activity in step 1 0.67 0.67 067 0.67 0.67 0.67 0.67 1.00 1.00
(introduction) is appropriate

7.2 The activity in step 2 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
(elicitation) is appropriate

7.3 The activity in step 3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(experimentation) is

appropriate

7.4 The activity in step 4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

(connection) is appropriate
7.5 The activity in step 5 1.00 0.67 0.67 1.00 1.00 1.00 1.00 1.00 1.00

(construction) is appropriate
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Table 8 (Continued)

Mean of IOC of Lesson Plan (N=3)

List of Evaluation
1 2 3 4 5 6 7 8 9

7.6 The activity in step 6 0.33 0.67 067 033 0.67 1.00 0.67 1.00 0.67
(application) is appropriate

8. Others

8.1 Time arrangement is 1.00 0.67 0.67 0.67 0.67 1.00 0.67 0.67 0.67
suitable for activity

8.2 Learning materials are 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
suitable for learning

8.3 Language usage is 1.00 0.67 067 0.67 1.00 1.00 0.67 0.67 0.67

appropriate

In order to obtain the feedback from the students as well as some information
which was useful for the next revision, the second draft of the revised learning unit was
piloted in a school which was similar to the experimental group school. The learning unit
was conducted in the second semester of the 2014 academic year during January to
February 2015. The pilot was conducted by the researcher because the teachers did not
feel confident in using the learning unit. The results of the pilot study are shown as follows.

1) Time arrangement: There were about fifty minutes in one class period
including changing classrooms.The learning time in a period would be forty to forty-five
minutes only. In addition, students had a low basic knowledge and that they needed more
time to be engaged and complete the tasks. Thus, most of the lesson plans took more time
than expected. The time used in the pilot study and in the revised version of the lesson

plan are shown in Table 9.
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Table 9 The Revision of the Time used in the Lesson Plans

Lesson Plan Number of periods used

Planed Piloted Revised

—
N

3

w

Electrolyte

Acid-base Theory 3
Dissociation of water 3
Dissociation of strong and weak acid-base 4
pH of solution 3
Acid and base reactions -
Hydrolysis
Titration

Buffer

© 0 N o o0~ W DN
N W N N N WO N DN
w A W W WP, W

N
o
N
(o]

Total

Note: - denotes did not pilot

2) Learning process. It was found that students had a low background
knowledge, so that teacher needed to put more scaffolding in place in order to promote the
students’ understanding. The students quite passively responded to the activites and the
teacher’s questions. Therefore, in each step of the learning process, the teacher had to ask
more questions, identify the students response to the question, and make them feel
comfortable in responding. In step 3 (experimentation) the teacher motivated and guided
the students to work in a collaborative group as well as engage the students to apply their
integrated science process skills. Furthermore, it was found that many students could not
complete the assignment.

3) Conceptual understanding. After applying the Acid-base Learning Unit based
on the learning model in the pilot study, the pre-test and post-test scores of the students’
conceptual understanding were collected for only fifteen items (five lesson plans) and
analyzed. The results of the comparison between the pre-test and post-test mean scores of

the students’ conceptual understanding are shown in Table10.
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Table10 The Results of Students' Conceptual Understanding in the Pilot Study

N X S.D. t p
Pre-test 32 3.50 1.459 -6.091** .000
Post-test 32 6.34 2.252
*p<.01

In Table 10, the results of the dependent samples t-test show that the
students’ conceptual understanding post-test mean scores are higher than the pre-test
mean scores with a statistical significance at a .01 level. The findings from analyzing the
data imply that the learning unit designed based on the Acid-base Laboratory Learning
Model was effective to enhance the students’ conceptual understanding of the acid-base
topic.

4) Integrated science process skills. The results of the comparison between the
pre-test and post-test mean scores of the students’ integrated science process skills are

shown in Table 11.

Table11 The Results of the Students' Integrated Science Process Skills in the Pilot Study

N X S.D. t p
Pre-test 32 10.97 2.621 -4.286** .000
Post-test 32 13.06 2.078
*p<.01

The results of the dependent samples t-test show that the students’ integrated
science process skills post-test mean scores are higher than the pre-test mean scores with
a statistical significance at a .01 level. The findings imply that the learning model was
effective to enhance the integrated science process skills.

5) Attitude towards chemistry laboratory learning. After applying the Acid-base
Learning Unit in the pilot study the students’ attitude towards chemistry laboratory learning

was collected and analyzed. The results of the attitude are shown in Table 12.
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Table12 The Results of Students' Attitude towards Chemistry Laboratory Learning in the
Pilot Study

N Score Criterion X S.D. t p
After using the 32 3.51 3.9872 0.3860  6.993** .000
Learning Model
**p<.01

According to Table 12, the students’ attitude towards chemistry laboratory
learning after using the learning model is about 4.0 which is statistically significantly higher
than the criterion score (3.51) at a .01 level. Therefore the learning model is effective in
enhancing the students’ attitude towards chemistry laboratory learning.

In analyzing the data, it was found that the Acid-base Laboratory Learning
Model would influence enhancing acid-base conceptual understanding, integrated science
process skills, and attitude towards chemistry laboratory learning.

However, the problems encountered from the pilot study were used to improve
the learning model for more practicality. The final version of the Learning Model is shown in
Figure 7 and consists of six steps: 1) Introduction, 2) Elicitation, 3) Experimentation,

4) Connection, 5) Conceptualization, and 6) Application. The Summary of the Acid-base
Laboratory Learning Model is shown in Figure 8. More details of the Acid-base Laboratory
Learning Model in the Thai language are shown in APPENDIX D. Additionally, the Learning
Unit based on the Acid-base Laboratory Learning Model was revised according to the
problems found in the pilot classroom before being implemented. The revised learning unit

including examples of lesson plans are shown in APPENDIX E.
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Step 1: Introduction

A 4

Step 2: Elicitation

A 4

Step 3: Experimentation

Interpreting data

Formulating Identifying and Defining Experimenting
hypotheses controlling variables and making
variables operationally conclusions

Experiments using everyday materials

(Berry; et.al. 1999; Pritchard; & Woollard. 2010)

A 4

Step 4: Connection (three levels of representation)

Symbolic

(Gabel. 1999)

Macro

Sub-micro

A 4

Social interaction

Step 5: Conceptualization

(Pritchard; & Woollard. 2010)

Y

Step 6: Application

Figure 7 The Acid-base Laboratory Learning Model
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The Acid-base Laboratory Learning Model
Backgroud

Chemicals used in our daily life such as cosmetics, medicines, and foods have acid-
base properties. Acid-base is one chemistry topic considered as abstract and difficult to
understand for upper secondary students (Chaiyapha; Chayajarus; & Chairam. 2011:
139;Demircioglu; Ayas; & Demircioglu. 2005: 37). Many students were unable to accurately
describe acid-base concepts (Sheppard. 2006: 32) and hold many alternative conceptions.

In addition, science process skills and attitudes toward science affect learning with
conceptual understanding. Integrated science process skills are necessary for upper
secondary students. But, development of the integrated skills of Thai upper secondary
students were ineffective (Chaiyen; Bunsawansong; & Yutakom. 2007: 11; Nakthong;
Anuntasethakul; & Yutakom. 2007: 383). Moreover, the students’ attitudes aspect is
important, since it is related to the students’ achievement (Cheung. 2009: 76; Freedman.
1997: 343).

Hence, the Acid-base Laboratory Learning Model was developed in order to enhance
students’ understanding of acid-base chemistry concepts, acquire integrated science
process skills, and bring about a more positive attitude towardschemistry laboratory
learning.

Theory/principle

The development of this learning model was based on the teaching and learning
framework of social constructivism: (1) students are active learners, the teacher acts as a
facilitator or scaffolder, (2) awareness of students’ prior knowledge and alternative
conceptions, (3) learning requires social interaction and collaboration, (4) students construct
their own knowledge from the new learning, prior knowledge and social interaction, (5) to
provide an opportunity to apply the concepts students have learned, and (6) in-school
learning experience should be related to daily life experience. In addition, chemical
knowledge is complex. It exists in the three levels of representation which are the
macroscopic, symbolic, and submicroscopic levels (Sirhan. 2007: 4). The students must
understand the knowledge of the three levels and see the connections between the three
representational systems in order to understand chemistry concepts (Gabel. 1999: 549).
Furthermore, laboratory learning is necessary for students. It could bring about the three
domains (conceptual understanding, process skills, and a positive attitude) of chemistry

learning (Hofstein; & Lunetta. 1982: 201; 2004: 28; Hofstein; & Mamlok-Naaman. 2007:
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105; Ozmen; Demircioglu; & Coll. 2009: 1). Students have an opportunity to see the

chemistry knowledge at a macroscopic level, as well as have a chance to practice the

integrated science process skills.

Purpose

The purposes of the developed learning model were to enhance upper secondary

school students in three domains: (1) acid-base conceptual understanding, (2) integrated

science process skills, and (3) attitude toward chemistry laboratory learning.

Learning Processes, Teacher’s role, and Students’ role

The learning model comprised of six steps as follows.

Process

Teacher’s role

Student’s role

Step 1 Introduction: Recap
the concept and skills from
the last lesson, and review
the basic concepts or
knowledge needed for
learning. Then, students are
engaged with the topic,
using various techniques,
and are encouraged to ask
questions related to the
topic. Finally, the teacher
introduces the objectives of

teaching and learning.

- correct student's concepts of
the last lesson using
explanation or questioning.

- encourage students to
review the basic knowledge
using explanation or
questioning.

- provide activities or
situations in order to engage
the students with the topic

and objectives of learning.

- cooperate in reviewing the
last lesson.

- cooperate in discussions
or answer the questions
involving the basic concepts
or knowledge needed for
learning.

- participate in determining

the objectives of learning.

Step 2 Elicitation:
Individual students answer
their own questions and
other questions in step 1
related to the topic based

on students’ prior

knowledge and experiences.

- explore student's prior
knowledge using questions,
quiz, or the Predict-Observe-
Explain (POE) technique.

- listen to and record

student's ideas.

- cooperate in answering the
questions or give an idea
based on prior knowledge

and experiences.

Step 3 Experimentation:
Students conduct an

experiment (guided and

- divide students into groups
of varying abilities to work

together to solve a problem or

- work in a collaborative
group as follows:

1) think and share the




108

open inquiry) in a
collaborative group to
promote social interactions
and learn the chemistry
phenomena at a
macroscopic level. Students
are motivated to use the
integrated science process
skills. The teacher acts as a
scaffolder to support
students while doing the
experiment. The experiment
uses chemicals or materials

in daily life.

complete a project
(collaborative group).

- encourage students using
questions to redirect their
thinking and sharing testable
questions.

- encourage students to
understand the purpose of the
experiment.

- encourage students to apply
the integrated science
process skills.

- support students whilst
doing the experiment.

- listen and provide feedback
after the students present

their inquiry.

testable questions.

2) study the purpose of the
experiment.

3) formulate hypotheses,
identify variables, define
variables operationally, and
design an experiment.

4) conduct and record the
results of the experiment.
5) Interpret data and make a
conclusion.

6) keep clean.

7) present the inquiry result
and provide feedback to
other groups.

8) evaluate his/her own
integrated science process

skills (self-assessment).

Step 4 Connection:
Students link the
macroscopic level that they
have seen in step 3 with the
sub-microscopic and
symbolic levels. The teacher
acts as a scaffolder to
encourage the students to
see the relationship
between the
representations. Model,
analogies, animation, and
video clips could be used to
help students in connecting

between the three levels.

- engage students to connect
the three levels using a
highlighting question.

- motivate each group of
students to explain things
they observed at step 3
(macroscopic level) in terms
of the movement of particles
(sub-microscopic level) by
themselves. Then, each
group presents their ideas.

- provide activities, animation,
video clips, analogies, or
diagrams to help each group

of students construct their

- work in a collaborative
group as follow:

1) construct an explanation
of things the students
observed at step 3 in terms
of the movement of particles
and share ideas in the
classroom.

2) participate in the
activities, construct, and
share the explanations.

3) present the particulate
level using symbols such as
chemical equations, graphs,

and diagrams.
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Then, the teacher provides
an explanation to complete

the knowledge of the topic.

own explanation.

- give a chance to students to
work in groups to represent
the particulate level using
symbols such as chemical
equations, graphs, and
diagrams.

- provide a student worksheet
to connect the three levels of
chemical representation.

- listen to students responses
and provide feedback to the
students based on their
responses to the worksheet.
- complete the knowledge of
the topic by using questions
for discussion in a
collaborative group.

- Encourage students to
construct and present their
own ideas, and make

conclusions together.

4) connect between the
three levels of
representation on a
worksheet.

- exchange the worksheet
with another group to
correct each others’ work
and give scores.

5) cooperate in discussions

or answer the questions.

Step 5 Conceptualization:
Individual students construct
his/her own concepts by
connecting the concepts of
new knowledge, prior
knowledge, and knowledge
derived from social
interaction. Teacher acts as
a scaffolder to help students

conduct complete comcepts.

- list the highlight issues or
questions for constructing the
concepts.

- motivate students to discuss
and share knowledge in a
group according to the issues.
- encourage individual
students to construct his/her
own knowledge from the new
learning, prior knowledge, and

social interaction.

- share your own knowledge
in a group according to the
issues.

- construct your own
knowledge from the new
learning, prior knowledge,
and social interaction.

- listen to the teacher’s
feedback and check your

understanding.
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-- listen to the students’
responses and provide

feedback.

Step 6 Application:
Students apply the concepts
they have learned to explain
the phenomena in the real
world or everyday life. The
phenomena include
problems in different
situations both conceptual
and numerical. The
application aims to make
learning more meaningful
and link chemistry in the
classroom with students’

everyday life.

- present phenomena/
situations in the real world or
everyday life to encourage
students to apply the
knowledge they learn and to
help students see the link
between chemistry in the
classroom and students’
everday life.

- assign worksheet exercises
for students to practice in
solving the chemical
problems.

- listen to the students’
responses and provide

feedback.

- participate in questioning
and answering as well as
discussing the application of
concepts or knowledge in
the real world or everyday
life.

- complete the worksheet.

- listen to the teacher’s
feedback and check your

answers or understanding.

Assessment

Assessment used in the learning model focused on a formative assessment —

“the process used by teachers and students to recognize and respond to student learning in

order to enhance that learning, during the learning” (Cowie; & Bell. 2001: 8).The

assessment collection includes: students’ responses in the classrrom, questions,

discussions, collaborative work in learning activities or experiments, and student’s

worksheets.

Outcomes

The outcomes of using the learning model can be categorized into two categories:

Direct outcomes and indirect outcomes. Direct outcomesare the students’ conceptual

understanding on acid-base, integrated science process skills, and a positive attitude

toward chemistry laboratory learning. Indirect outcomes are the students collaborative work

in groups, sharing their own ideas and opinions, and more actively participating in the

learning activities.
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Suggestions

The learning model is suitable for an upper secondary chemistry classroom. Teachers
should study the theories or principles supporting the model. In addition, the learning
process, teacher’s and students’ roles, and assessments are important to understand
before designing the acid-base lesson plan. Teachers should design experiments using
everyday materials, as well as connecting the main chemistry concepts in the three levels
of chemical representation. Particularly, the teacher who uses this model should have a

good understanding of testable/scientific questioning and integrated science process skills.

Figure 8 Summary of the Developed Acid-base Laboratory Learning Model

3. The Results of Implementing and Evaluating the Effectiveness of the Acid-base
Laboratory Learning Model

The implementation of the learning model began in February to March of 2015
which was in total about five weeks duration. As this time, only five lesson plans were
implemented. The teacher and researcher designed and decided to implement another four
lesson plans in the next semester starting in May of 2015. To evaluate the students’ acid-
base conceptual understanding, fifteen items of the ABCUT (from 25 items) were tested on
students a week after finishing the fifth lesson plan. These items covered all the concepts in
the five lesson plans. The last four lesson plans were implemented in May to June of 2015
which was a total of about four weeks. Finally, the remaining items (items 16-25) in the
ABCUT for integrated science process skills test (ISPST), and attitude towards chemistry
laboratory learning (ACLLQ) were administered after implementing all nine lesson plans.

The quantitative data of the control group and the experimental group were
compared and analyzed using inferential statistics in order to test the two hypotheses as
follows: (1) Students’ conceptual understanding on acid-base for the experimental group
would be statistically significantly higher than the control group at a .05 level and (2)
Students’ integrated science process skills of the experimental group would be statistically
significantly higher than the control group at a .05 level. For the third hypothesis, which
stated that the students’ attitude toward chemistry laboratory learning after using the
learning model would be statistically significantly higher than the high level (3.51) at a .05
level, then the result of the ACLLQ for the experimental group after teaching with the

learning model was compared with the criterion using the inferential statistics.
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The qualitative data were used to understand the quantitative findings and
analyzed the factors that affected on the students’ conceptual understanding, integrated
science process skills and attitude toward chemistry laboratory learning.

The control group and experimental group in the inquiry were two 11th Grade
science classrooms in each of 2013 and 2014 academic years. The control group was
taught using traditional instruction in the 2013 academic year but the experimental group
was taught using the Acid-base Laboratory Learning Model in the 2014 academic year
which occurred in the second semesters for both groups. The basic information of students
in the two groups is shown in Table 13. There were ninety-eight students in the control
group with thirty-nine males and fifty-nine females, and eighty-six students in the
experimental group with thirty-seven males and forty-nine females. For the students’

achievement, it seems that the control group had a higher ability number than that of the

experimental group.

Table 13 Students’ Basic Information of the Control and Experimental groups

Control group Experimental group
1. Total number of students 98 86
- Class 1 46 39
- Class 2 52 47
2. Students’ achievement in chemistry
-4.0 25 15
-35 18 24
-3.0 28 16
-25 18 18
-2.0 6 7
-1.5 2 3
-1.0 1 3

However, some of the students did the test for only the pre-test or the post-test.
These groups of students would not be used for answering the hypotheses. Thus in the

quantitative data analysis, the number of the students in the control group and the
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experimental group were different from the total number of the students that were reported
in Table 13.

The results are described into two parts: (1) the effectiveness of the learning
model on students’ conceptual understanding, integrated science process skills, and attitude
towards chemistry laboratory learning; (2) the factors that affect students’ conceptual
understanding, integrated science process skills, and attitude towards chemistry laboratory

learning.

3.1 The Effectiveness of the Learning Model on Students’ Conceptual
Understanding, Integrated Science Process Skills, and Attitude Towards Chemistry
Laboratory Learning

3.1.1Effectiveness on Acid-base Conceptual Understanding
3.1.1.1 Acid-base Conceptual Understanding Within a Group
The students’ acid-base conceptual understanding within the

experimental group, before and after using the learning model, are shown in Table 14.

Table 14 Students’ Acid-base Conceptual Understanding of the Experimental group

Test Full score N Min Max X S.D. t p
Pre 25 69 3 12 7.01 2.252 -7.146™* .000
Post 25 69 3 18 10.10 3.186

**p < .01

The results show that the post-test mean scores of students’ acid-base
conceptual understanding are statistically significantly higher than the pre-test at a .01 level.

Qualitative data were collected regarding the students’ conceptual
understanding which resulted from the experiment. Most students said, that the experiment
made them understand the concept easily. For example, student SE08 said, “It was better
than reading the book by myself.” Student SE13 said, “It made the chemistry more
concrete, and students understood the concept easily.” As well as that the teacher said,
“Students have seen the real thing in the experiment, then it was easy to connect with the

concept.”
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3.1.1.2 Acid-base Conceptual Understanding Between Groups
The students’ acid-base conceptual understanding between the control

and experimental group are reported in Table15.

Table 15 Descriptive Statistics of Students’ Acid-base Conceptual Understanding between

Control and Experimental Groups

Group Test N Min Max X S.D.

Control group Pre-test 82 1 13 6.57 2.749
Post-test 82 1 17 9.39 3.340

Experimental group Pre-test 69 3 12 7.01 2.252
Post-test 69 3 18 10.10 3.186

Then, the data was analyzed to test the research hypotheses.The pre-test
mean score of the students’ conceptual understanding between the experimental group,
which was taught with the Acid-base Laboratory Learning Model, and the control group,
which was taught with the traditional instruction, was tested by an Independent Sample

t-test. The results of the t-test are shown in Table16.

Table 16 Comparisons of the Pre-test Scores of Students’ Acid-base Conceptual

Understanding

Group Contrast N X S.D. t p
Control group 82 6.57 2.749 -1.066 .288
Experimental group 69 7.01 2.252

From TABLE 16, the results show that the means of the students’ acid-
base conceptual understanding between the control group (6.57) and the experimental
group (7.01) are not significantly different at a .05 level. These indicate that students in both
groups had the same level of prior knowledge on acid-base conceptual understanding.Thus,
the comparison of the post-test mean scores of students’ conceptual understanding
between the experimental group and the control group were tested by Independent Sample

t-test. The results are shown in Table17.
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Table 17 Comparisons of the Post-test Scores on Students’ Acid-base Conceptual

Understanding

Group Contrast N X S.D. t p
Control group 82 9.39 3.340 -1.331 .0925
Experimental group 69 10.10 3.186

The results in Table 17 show that the mean score of the students’ acid-
base conceptual understanding of the experimental group was not significantly higher than
the control group at a .05 level. However, the mean score of the students’ acid-base
conceptual understanding of the experimental group was higher than the control group.

The qualitative data found six factors affecting students’ conceptual
understanding as follows.

1) The learning processes were not completed in the classroom. The
teaching using the Acid-base Laboratory Learning Model consisted of six steps. Steps 3-5
need to be done in the classroom because a social interaction was needed such as sharing
ideas and having discussions in a group. However, the observation data found that time
was wasted a lot in the step 3 experimentation. Therefore in the step 5 conceptualization,
the teacher needed to check the students understanding for this step in class and the
teacher usually assigned homework including the worksheet of the application in step 6. It
was also found that most students did not complete their own worksheet, some were blank
and some were lost, with the exception that the last four lesson plans were completed in six
steps in the class and the students worksheets were completed.

2) The teacher conception had an affect on students’ understanding. For
example, the concept of pure water with the teacher understanding that the water is neutral
at only 25 °C. This led to students misunderstanding this concept.

3) Students have low background knowledge in many concepts.

It was found that students did not know about the basic concepts in chemistry. For
example, they did not know that oxygen gas was composed of single atoms or a group of
atoms, and that even some of them did not recognize the symbol of the elements. They
could not answer the teacher’s questions. For instance,

Teacher : How does oxygen like to be?

Student : ...[quiet]
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Teacher : Generally, oxygen would like to be as an atom or
combine with other elements to form a compound?
Student :  ...[quiet, Then teacher told them]
In addition student SE01 said, “I do not have basic knowledge.”

Student SEO7 and SEQ9 said that, they did not understand and could not remember the
periodic table and the symbols of elements such as NaOH. Additionally, the teacher said,
“Students had low background in many things such as mathematical skills.”
Student SE16 said, “I could balance chemical equations, but | could not do calculations
...[stoichiometry].” In the observation, it was found that the students did not know what color
resulted when yellow and blue were mixed. This is a requirement for understanding the
color change of acid-base indicators.

4) Worksheet and knowledge sheet was separated. The learning
material used in this learning model were (1) a worksheet including an additional knowledge
sheet different from the textbook and (2) an IPST textbook as a knowledge sheet to get a
better understanding of the concepts. From the classroom observation of the experimental
group, the teacher had told the students that the textbook was not needed to be used
[since the first lesson]. Thus, the students did not take the textbook to the class anymore.
During the instruction the teacher only concentrated on the use of the worksheet and did
not use the textbook. Thus, in this case the students missed some important information
from the textbook.

5) An experiment that is not well designed might cause misconceptions
for students. For example, the concept that electrolyte solutions can conduct electricity and
nonelectrolyte solutions can not conduct electricity. In the experiment, an LED which has a
high-power sense for current, was used to test the conductivity by observing the brightness
of the LED. When testing with pure water a very small amount of light could be seen, so
that the teacher asked the students to compare the solution with water. The idea being, if
the solution is brighter than water it is an electrolyte solution if not it is brighter than water
then it is a nonelectrolyte solution. However, while doing the experiment students still
considered that any solution that could produce light was an electrolyte solution. This led to

the misconceptions about the electrolyte and non-electrolyte concepts as shown in Figure 9.
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ght.

Figure 9 Misconception about Nonelectrolyte Solutions

6) The three levels of chemical representation was not explained in the
classroom. Although, the lesson plan had designed useful activities in order to help
students understand the explanation of the submicroscopic level, but in practice the teacher
rarely used these activities as the teacher usually explained and spoke about the
knowledge of the three levels of chemical representation in the same way as the traditional
instruction. Therefore, it seems the connections between the three levels of chemical
representation were not explained. As one student reflected, “It was not different from the
traditional instruction. The teacher explained all the things [the three levels of
representation].”

In conclusion, the six factors from the qualitative evidence mentioned above
might be the main factors that the students’ acid-base conceptual understanding of teaching
with the Acid-base Laboratory Learning Model was not statistically significantly higher than

teaching with the traditional instruction at a .05 level.
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3.1.2 Effectiveness on Students’ Integrated Science Process Skills
3.1.2.1 Integrated Science Process Skills Within a Group
The Students’ integrated science process skills within a group are

shown in Table 18.

Table 18 Students’ Integrated Science Process Skills of the Experimental Group

Test Full score N Min Max iy S.D. t p
Pre 20 73 1 17 11.38 3.369 2.358* .021
Post 20 73 5 16 10.56 3.018

*p < .05

The post-test and pre-test mean score of the students’ integrated
science process skills were statistically significantly different at a .05 level. The pre-test
mean scores were statistically significantly higher than the post-test at a .05 level.
However, the results showed that the minimum score was improved.

From the qualitative data it was found that it might be from the time to
complete the test. From observation, the students completed the ISPST in about ten to
fifteen minutes which was very fast compared to the pre-test time which was about thirty to
thirty-five minutes. The students’ attention to doing the test was an important factor which
affected the test score.

3.1.2.2 Integrated Science Process Skills Between Groups
The students’ integrated science process skills of the control and the

experimental groups are reported in Table 19.
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Table 19 Descriptive Statistics of Students’ Integrated Science Process Skills between the

Control and Experimental Groups

Group Test N Min Max X S.D.
Control group Pre-test 82 3 16 9.83 3.610
Post-test 82 4 18 10.57 3.143
Experimental group  Pre-test 73 1 17 11.38 3.369
Post-test 73 5 16 10.56 3.018

The data was analyzed to test Research Hypothesis 2: Students’
science process skills of the experimental group will be statistically significantly higher than
the control group.

The pre-test score of the students’ integrated science process skills
between the control group and the experimental group were tested by an Independent

Sample t-test in order to compare their prior knowledge. The results are shown in Table20.

Table 20 The Comparison of the Pre-test Mean Scores on Students' Integrated Science

Process Skills (full score = 20)

Group Contrast N X S.D. t p
Control group 82 9.83 3.610 -2.761* .006
Experimental group 73 11.38 3.369

* p< .05

From Table 20, the results show that the mean scores of the students’
integrated science process skills between the control group and experimental group are
significantly different at a .05 level. These indicate that the experimental group had more
prior knowledge of integrated science process skills than the control group.

Therefore, the comparison of the post-test scores of students’
integrated science process skills between teaching with the Acid-base Laboratory Learning
Model and teaching with the traditional Instruction could be tested by analysis of covariance

(ANCOVA) as to which pre-test was covariate. The results are shown in Table 21.
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Table 21 The ANCOVA of Post-test Score on Students’ Integrated Science Process Skills

Source df F p
Teaching Method 1 1.617 .205
Pre-test 1 35.618** .000
Teaching Method* Pre-test 1 3.634 .059
Residual 152
*p<.01

From Table 21, the results showed that the pre-test score significantly
influenced the post-test of students’ integrated science process skills [F(1, 152) = 35.618,
p< .01]. The interaction between teaching methods and pre-test were not significant
[F(1, 152) = 3.634, p> .05]. But it was revealed that the pre-test scores constantly
influenced the post-test scores of both teaching methods. Thus, the pre-test was used as a
covariate, it was found that students’ integrated science process skills between teaching
with the Acid-base Laboratory Learning Model and teaching with the traditional instruction
were not statistically significant different at a .05 level. In other words, the students’
integrated science process skills of teaching with the Acid-base Laboratory Learning Model
were not statistically significantly higher than the teaching with the traditional instruction at a
.05 level [F(1, 152) = 1.617, p(=.102) > .05].

The data from classroom observation revealed that the teacher’s interview and
students’ interview confirmed that the acid-base instruction in the control group was a
lecture type. It had no experiments to give a chance for the students to practice the
integrated science process skills. However, the students did some experiments in previous
topics. According to student SC11, “This unit had no experiments, | did in the rate of
reaction unit.”

In the experimental group, the students had a chance to do many experiments
(nine experiments). Thus, the researcher expected that they should have more opportunities
to practice five integrated science process skills which are shown in the step 3 of the
learning model. From the observation and interview data, the researcher identified the
factors that might be obstracles to students developing the integrated science process skills

of the experimental group into five factors:
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1) Students need more assistance to develop their integrated skills, which
are constructing scientific questions, formulating hypotheses, identifying variables, defining
variables operationally, planning an investigation, and making conclusions. For example,
with defining variables operationally the teacher said, “Students could not do it by
themselves. It was very difficult for them.”

2) Students lack of background knowledge in related concepts. This led to
misconducting an investigation. For example, students did not know the chemical formula of
the compound and they used the wrong substances. As the teacher mentioned,
“Sometimes while the students conducted the experiment they took the wrong substance so
that they got incorrect results.”

3) Students need more time to understand the experiment. For example,
student SE06 said, “I could do the experiment, but very slowly. My group wasted a lot of
time in designing the scientific question and formulating the hypotheses.”

4) Students need to pay attention. Students did not pay attention to listen to
the teacher’s instructions and as a result they did not understand the experiment. As
student SE05 commented, “While the teacher was guiding about the experiment, the
students did not listen to her, as a result of that they did not understand what to do.”

5) Students need a small collaborative group. The learning model
emphasized the use of collaborative groups such as grouping students with varying abilities
in each group to work together. However, in practice, the observation data found that
students having the same abilities sat in the same group.The teacher gave the reasons,

“l could not group students with different abilities in the same group because the school
administration had organized the students into the class according to their grade point
average (GPA) every year. As well as that, the collaborative group should be a small group
(4-5 students).” From the observation, it was found that the groups ranged from two to
seven members whereas some groups had no students. Student SE05 suggested, “ The
number of students in each group was large, it should be 2-3 members. Although with only
four members in a group, it was trouble.” Therefore, the large number of students in a
group was an obstacle to the improvement of student’s skills due to a few students doing
the investigation while others did not. The teacher said, “ With a large number of students
in a group some students did not do anything.” The teacher could not help all the students.
Student SEQ5 said, “The teacher paid attention to the students but she could not help every

student.”
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In summary, the students’ integrated science process skills of the teaching
with the Acid-base Laboratory Learning Model were not higher than teaching with the

traditional instruction due to the five factors previously mentioned.

3.1.3 Effectiveness on Students’ Attitude towards Chemistry Laboratory
Learning
The quantitative data of attitude towards chemistry laboratory learning was
analyzed to test Research Hypothesis 3: Students’ attitude toward chemistry laboratory
learning after learning with the learning model would be statistically significantly higher than

the high level.The results are shown in Table 22.

Table 22 Students’ Attitude towards Chemistry Laboratory Learning after using the Learning

Model

Aspect N  Criterion X S.D. t p

1.The importance of laboratory in 67 3.51 4.07 0.48 9.540** .000

chemistry learning

2. The difficulty of chemistry laboratory 67 3.51 3.56 0.54 0.783 .218

3. The interest in chemistry laboratory 67 3.51 3.92 0.61 5.490** .000

4. The usefulness of chemistry laboratory 67 3.51 3.94 0.49 7.071** .000
Overall 6L = BH1 3.84 048  5.711** .000

**p < .01

Table 21, the results showed that the mean score overall of the students’
attitude towards chemistry laboratory learning after using the learning model was
statistically significantly higher than the criterion at a .05 level. Furthermore, the students’
attitude towards chemistry laboratory learning concerning the importance of laboratory in
chemistry learning, interest in chemistry laboratory, and usefulness of chemistry laboratory
were statistically significantly higher than the criterion at a .05 level. There was an
exception for the mean score of the students’ attitude towards chemistry laboratory learning

relating to the difficulty of chemistry laboratory that was not higher than the criterion at a .05
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level. However, it indicated that there was statistical evidence of the effectiveness of the
lerning model in improving students’ attitude towards chemistry laboratory learning.
The classroom observation and interview data could explain the quantitative
data as follows:
Students looked happy. In the observation data, it was found that students
looked happy doing an experiment as shown in Figure 10. According to the participants

interviews, most students said, “I enjoyed doing the experiment.”

Figure 10 Students looked Happy

Students perceived the importance and usefulness of chemistry laboratory.
They found that chemistry laboratory learning was enjoyable. It assisted them to understand
the chemistry concept easily. They had a chance to see the real thing, and use the science
equipment/materials correctly as shown in Figure 11. For instance, student SEO1 said, “It
[the experiment] made chemistry learning more fun and students can use the equipment

"«

correctly.” “Besides,” she said, “It helped me in constructing the knowledge by myself, and
| got more understanding in the related concepts.” Similarly, student SE02 said, “| had got
a lot of knowledge and many other things. | used the science equipment/materials that |
had never used before such as acid-base indicators. | had only ever used litmus paper.” In
addition, student SE04 said, “It seems that the experiment made me be able to observe

better [the concept is more concrete], and practice critical thinking.”
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Figure 11 Students see the Real Thing and use the Science Equipment/Materials

Students had a chance to see and touch the real things in chemistry. As a
teacher said, “Students have seen the real things in the experiment, then it was easy to
connect with the concept.” Students said, “I had a chance to see the real things, see and
use the chemicals that | had never seen or used before. Moreover, | had a chance to touch
and use the science equipment.”

In conclusion, It was found that students enjoyed, perceived the usefulness,
and had a chance to see the real things in chemistry while doing experiements. Therefore,
it was confirmed that students’ attitude towards chemistry laboratory learning after learning

with the Acid-base Laboratory Learning Model was higher than the high level.

3.2 The Key Factors that affected Students’ Conceptual Understanding,
Integrated Science Process Skills, and Attitude towards Chemistry Laboratory
Learning

The qualitative data of the implementation of the learning model found seven
factors affected the students’ conceptual understanding, integrated science process skills
and attitude towards chemistry laboratory learning as follows.

1) Completion of all steps in the classroom. The learning process consists
of six steps, all which are important to help students understand the concept until they
apply the knowledge in daily life as the last step. Therefore, in using this learning model all

the steps should be done in the class.
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2) Preparing students’ background knowledge. The learning model
considers the students’ background knowledge in step 1 introduction. However, if students
have a very low background knowledge in many concepts then for the effective use of the
learning model the teacher might need extra time to prepare the students background
knowledge before teaching with the learning model.

3) Teacher’s understanding of the concepts and integrated science process
skills. The teacher’s conceptions have an affect on the students’ conceptions. If the teacher
did not have a clear understanding of the concepts then this might lead to student
misconceptions. Therefore, a teacher should have the correct conceptual understanding for
all concepts before implementing the learning model..

Because in the use of the learning model the teacher should be ready to
scaffold the students learning and correct students’ conceptions when they have
misunderstanding in both concepts and skills.

4) Readiness of learning materials. The learning materials used in this
model were a separte worksheet and textbook. Therefore, to have effectivness in teaching,
the worksheet should be inserted into the students’ workbook, and the teacher should
inform the students about taking the textbook and workbook into the class.

Another way is, since the teacher might not use the textbook then a fact
sheet about the explanation of the concepts could be prepared for the students instead of
asking them to read the textbook. Thus, the model should provide completed learning
materials including factsheet and workseet that the students and teachers could follow step
by step. In this case the students could use the learning materials to follow the lesson,
especially when they are absent. In addition the students could preview the information
before class, recap after class, and use it in preparation for the final examination.

5) Teachers’ assistance. As the learning model gives an opportunity for
students to practice all five integrated skills, the teacher should help them while doing the
experiment as many students face difficulties in practicing integrated skills and might need
the teacher to scaffold them.

6) Time management. The teacher should manage the time used in each
step and should encourage students to complete the task in an appropriate time. Students
planning experiments slowly might need more time to understand and complete the
experiment. Therefore, the teacher should focus a lot on class time management.

7) Student group organization. The learning model focuses on the

collaborative group, that is, groups of students with varying abilities. Therefore, for effective
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use, the teacher should organize the students into groups with varying abilities. It is an
opportunity for high ability students to be able to help others. In addition, the number of
students in a group should be limited to be not more than four, so that all members in a
group would be actively engaged in the group activities.

In conclusion, the seven factors that affected students’ conceptual understanding,
integrated science process skills and attitude towards chemistry laboratory learning in using
the learning model were: (1) Completion of all steps in classroom, (2) Preparing students’
background knowledge, (3) Teacher’s understanding of the concepts and integrated science
process skills, (4) Readiness of learning materials, (5) Teachers’ assistance, (6) Time

management, and (7) Student group organization.



CHAPTER 5

Conclusions and Discussion

The purpose of this chapter is to draw some conclusions from the finding sand
discuss the research findings presented in Chapter 4 in terms of relevant literature. This
chapter begins with a summary of the inquiry, followed by the conclusion of the research
findings and then discussion of the research findings. Finally, the limitations and

recommendations of the research are reported.

1. Summary of Research Inquiry

The purposes of this study were (1) to develop the Acid-base Laboratory Learning
Model based on the social constructivist theory and the connection between the three levels
of chemical representation for upper secondary students; (2) to study the effectiveness of
the learning model on students’ conceptual understanding, integrated science process skills,
and attitude towards chemistry laboratory learning; and (3) to find the key factors of the
Acid-base Laboratory Learning Model that have an affect on students’ conceptual
understanding, integrated science process skills, and attitude towards chemistry laboratory
learning.

The research hypotheses of this study were: (1) students’ conceptual
understanding on acid-base for the experimental group would be statistically significantly
higher than the control group at a .05 level; (2) students’ integrated science process skills
for the experimental group would be statistically significantly higher than the control group
at a .05 level; and (3)students' attitude toward chemistry laboratory learning after using the
learning model would be statistically significantly higher than the high level at a .05 level.

The research participants in this study included: (1) the researcher, (2) a chemistry
teacher, and (3) upper secondary students.The researcher’s roles were developing research
instruments, developing the Acid-base Laboratory Learning Model, conducting teacher
training for the use of the learning model, and collecting research data. The teacher who
participated in this work was a school chemistry teacher. The teacher’s roles were teaching
the control group with her own normal instruction, preparing for a good understanding of the
learning model and learning unit, and teaching the experimental group by using the
developed learning model. The students who participated in this work were 11th Grade

science students from a school in Chonburi province. The school was selected by
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convenience sampling from the public secondary schools in Thailand that learn the acid-
base topic using IPST textbooks. The participating students were from four science
classrooms, two in 2013 and the others in the 2014 academic year. The students from two
science classrooms in 2013 were the control group (98 students) and the other two science
classrooms in 2014 were the experimental group (86 students). The students in both
groups did pre-tests and post-tests and some were interviewed. However, the students in
the control group were taught using the traditional instruction, while the experimental group
students were taught using the Acid-base Laboratory Learning Model.
The research instruments are categorized into two parts as follows:

1) The learning unit which was developed and based on the Acid-base
Laboratory Learning Model. The contents and the main concepts were aligned with the
Chemistry Textbook Volume 3 of the IPST. This unit was composed of nine lesson plans
and the time used was twenty-nine periods (50 minute/period).

2) The research instruments for collecting research data included both
quantitative and qualitative instruments as follows:

2.1) Acid-base conceptual understanding test. The test was a multiple
choice format which consisted of twenty-five items, covering twelve concepts. The reliability
of the test was calculated by KR-20 which was 0.73.

2.2) Integrated science process skill test. The test covers five integrated
science process skills which include: identifying and controlling variables, formulating
hypotheses, defining variables operationally, experimenting, and interpreting data and
making conclusions. The questions are aligned with the chemistry content for students at
the high school level. The test was a paper-and-pencil test and comprised of twenty items
of multiple choices with four options and four items for each skill. The reliability (KR20) of
the test was 0.78.

2.3) Attitude towards chemistry laboratory learning questionnaire. This
questionnaire was developed as opinion statements using five-point likert scales starting
from strongly agree to strongly disagree. Each statement reflected the feeling of a student
as either the students like or dislike, or valuing or non-valuing when engaging in chemistry
laboratory leaning. The reliability (Ol) was 0.92.

2.4) Classroom observation form. The issues of observation are:
position of the students and teacher in the classroom, teaching approach, learning

objective, classroom materials, laboratory, teaching, application of knowledge and skills,
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connection for the three levels of representation, as well as student-student and teacher-
student interaction.

2.5) Interview protocol. The teacher’s interview protocol was:
background information; objectives of acid-base teaching and learning; acid-base teaching
approach; the strength and weakness of the teaching approach; satisfaction towards the
teaching approach; the obstacles of acid-base learning; acid-base laboratory. The students’
interview included: the objectives of acid-base learning; strength, weakness, and satisfaction
of acid-based teaching; the obstacles of acid-base learning; and acid-base laboratory
learning.

The research design of the study is a mixed method—both quantitative and
qualitative data in a single study to understand research problems. The experimental
design was a nonequivalent (pre-test and post-test) control-group design. The research
procedure was carried out using two complementary studies (Webb; & Treagust. 2006).
The first study was carried out in the 2013 academic year and was the control group. The
second study was carried out in the 2014 academic year and was the experimental group.
The inquiry process was composed of four phases:

Phase | Collecting preliminary data. The aim of this phase was to
collect the data of the normal classroom teaching on acid-base, which was the control
group, using both quantitative and qualitative research instruments.

Phase Il developing the Acid-base Laboratory Learning Model. The
aims of this phase were to develop the Acid-base Laboratory Learning Model and to design
the acid-base learning unit based on the learning model.

Phase Il implementing the learning model. The aim of this phase was
to collect the data of the experimental group, which learnt with the learning model, using
both quantitative and qualitative research instruments.

Phase |V evaluating the effectiveness of the model. The aim of this
phase was to analyze the effectiveness of the Acid-base Laboratory Learning Model. The
quantitative data was analyzed using descriptive statistics and inferential statistics in order

to describe the data and to test the research hypotheses.

2. Research Findings
The findings from this research can be categorized into four parts: (1) preliminary

data findings; (2) development of the acid-base labroatory learning model findings, (3)
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effectiveness of the learning model findings, and (4) factors affect on the learning outcomes
findings.
2.1 The Findings of the Preliminary Data

It was found that the traditional instruction of the control group was a teacher-
centered approach with no experiments. The time used for the acid-base teaching was
about fifteen periods.

The results of using the traditional instruction were found to be that the post-
test mean score of students’ acid-base conceptual understanding was statistically
significantly higher than the pre-test at a .01 level. However, the mean score for the post-
test was 9.39 which was low. The post-test mean score of students’ integrated science
process skills was statistically significantly higher than the pre-test at a .05 level and the
mean score was 10.57.

The students and the teacher faced difficulty in the acid-base teaching and
learning. They required doing some experiments, learning in depth, and considering

background knowledge.

2.2 The Findings of the Development of the Acid-base Labroatory Learning
Model
The results of the learning model evaluation by experts showed that the
learning model was internally consistent and was appropriate at a very high level. It
indicated that the learning model would be effective to use in the chemistry classroom.
The developed learning model was composed of six steps as follows.

Step 1 Introduction: Recap the concept and skills from the last
lesson, and review basic concepts or knowledge needed for learning. Then, students are
engaged into the topic using various techniques and are encouraged to ask questions
related to the topic. Finally, the teacher introduces the objectives of teaching and learning

Step 2 Elicitation: Individual students answer their own question and
other questions related to the topic based on students’ prior knowledge and experiences.

Step 3 Experimentation: Students conduct an experiment (guided and
open inquiry) in a collaborative group to promote social interactions and learn the chemistry
phenomena at a macroscopic level. The students are motivated to use integrated science
process skills. The teacher acts as a scaffolder to support the students while doing an

experiment. The experiments use chemicals or materials which are used in daily life.
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Step 4 Connection: Students link the macroscopic level that they have
seen in step 3 with the sub-microscopic and symbolic levels. The teacher acts as a
scaffolder to encourage students to see the relationship between the levels. Models,
analogies, animation, and video clips could be used to help students to make connections
between the three levels. Then, the teacher provides an explanation to complete the
knowledge of the topic.

Step 5 Conceptualization: Individual students construct their own
concepts by connecting the concepts of new knowledge, prior knowledge, and knowledge
derived from social interaction. The teacher acts as a scaffolder to help the students
conduct completing the concepts.

Step 6 Application: The students apply the concepts they have
learned to explain the phenomena in their daily life and real world problems. The
phenomena include problems in different situations both conceptual and numerical. The
application aims to make learning more meaningful and to help students link chemistry in

the classroom with their own lives.

2.3 The Findings of the Effectiveness of the Learning Model

It was found that students’ acid-base conceptual understanding of the
experimental group was not significantly higher than the control group at a .05 level. This
was a result of six factors: (1)The learning processes were not completed in the classroom
with the result that students could not construct a complete understanding. (2) The teacher
had incomplete concepts and that had an affect on the students’ understanding.
(3) The students had a low background knowledge in many related concepts and as a
result had difficulty in understanding some acid-base concepts. (4) With worksheets and
knowledge sheets separated, the students could hardly make a complete connection in
developing conceptual understanding. (5) Some experiments were not well designed and
that created to some misconceptions. (6) The three levels of chemical representation were
not clearly explained in the classroom which created an obstacle for the students in
constructing a correct conceptual understanding.

The integrated science process skills of the students in the experimental group
were not higher than the control group at a .05 level. There were five factors that could
have been obstracles to students in developing their integrated science process skills as

follows: (1) students lack of background knowledge in related concepts resulted in difficulty
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for the students constructing new concepts, (2) students not paying attention in listening to
the teacher also resulted in some experimental steps not being done correctly, (3) the
students needed more assistance in developing the integrated science process skills,

(4) students required more time to understand the experiment, and (5) groups being too big,
as small collaborative group would be required in order to develop the integrated science
process sKills.

However, the students’ attitude towards chemistry laboratory learning after
using the learning model was statistically significantly higher than the criterion at a .05 level.
Students implied that doing experiments was fun. They perceived the importance and
usefulness of the chemistry laboratory. In addition, they stated that doing experiments gave

them a chance to see and touch the reality of chemistry.

2.4 The Findings of Factors Affecting the Learning Outcomes

The findings suggest that there are seven key factors that affect the student’s
conceptual understanding, integrated science process skills, and attitude towards chemistry
laboratory learning including: 1) All steps of the learning model should be completed in
classroom, 2) Background knowledge should be explored and reviewed before using the
learning model, 3) The teacher should have the correct conceptual understanding and
integrated science process skills, 4) Learning materials should be ready for use in order for
students and teachers to be able to go step by step, 5) The teachers should take more
responsibility in helping the students develop the intergrated skills, 6) The teacher should
manage the time used in each step well, as well as encouraging the students to complete
the task in an appropriate time, and 7) Students should be grouped into small collaborative

groups.

3. Discussion
The discussion of the research findings comprises of 2 parts:

1) The effectiveness of the Acid-base Laboratory Learning Model on students’
conceptual understanding, integrated science process skills, and attitude towards chemistry
laboratory learning.

2) The factors that affected students’ conceptual understanding, integrated

science process skills, and attitude towards chemistry laboratory learning.
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3.1 Effectiveness of Acid-base Laboratory Learning Model on Students’
Conceptual Understanding, Integrated Science Process Skills, and Attitude towards
Chemistry Laboratory Learning

The discussion in this topic is composed of three parts: (1) Students’ acid-base
conceptual understanding, (2) Students’ integrated science process skills, (3) Students’

attitude towards chemistry laboratory learning.

3.1.1 Students’ Acid-base Conceptual Understanding
The results showed that the students’ acid-base conceptual understanding

in the experimental group was not higher than the control group at a .05 level. The findings
were inconsistent with the proposed research hypotheses that indicated that it should be
significantly higher than the control group at a .05 level. The effectiveness of the learning
model in enhancing the conceptual understanding should result from the social
constructivism, laboratory learning, and connecting between the three levels of chemical
representation. The result does not comfirm the previous study of the effectiveness of
social constructivm (Akkus; et al. 2003: 209; Kilavuz. 2005: 52), laboratory learning
(Freedman. 1997: 343,Hofstein; & Lunetta. 1982: 201; 2004: 28), and connecting the three
levels of chemical representation (Gabel. 1999: 550; Treagust; Harrison; & Venville. 1998:
85), to enhance conceptual understanding.

The possible reasons that might explain the results of this study are as follows:

1) The learning processes were not completed in the classroom. From
observation, steps 5 (conceptualization) and 6 (application) of the learning model were
assigned as homework. Therefore, it is highly probable that with step 5 the students lacked
social interaction and scaffolding from the teacher to help them construct their own
knowledge and to correct their conceptual understanding before application in step 6 which
were essential. This is comfirmed by Zhang (2010: 58) and Chin (2007: 816) who
suggested that the social interation and teacher questions as a scaffolding were an
important component of constructing knowledge based on social constructivism.
Additionally, Hand; Treagust; & Vance (1997: 562) studied the social constructivist
classroom and found that for there to be effective learning based on social constructivism,
the students needed validation of their answers in terms of scientific correctness. Thus, the
incompletness of steps in the class of the learning model based on social constructivism

might result in ineffective conceptual understanding.
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2) The teacher’s conception affected the students’ understanding. The results
found that teacher’'s misconception that water is neutral only at 25°C had an influence on
the students’ misconception for this concept. These is similar to many research studies,
which found that teachers’ misconceptions may result in students’ misconceptions (Blosser,
1986; Chiu; Lin; & Liang. 2011: 2 ). This may have caused that experimental group
students’ acid-base conceptual understanding to be lower than expected.

3) Students had a low background knowledge for many concepts. The acid-
base concept requires the basic science or underlying chemistry concepts such as atomic
structure, ionization, ionic and covalent bond, to be more understood (Sheppard. 2006: 32).
The results of this study showed that the students had a low background knowledge,
therefore, they could not understand the acid-base chemistry concepts. This was
comfirmed by previous research studies which found that if students did not sufficiently
grasp the underpinning concepts then futher chemistry concepts could not be easily
understood or misconceptions could result (Faikhamta. 2008: 10; Sirhan. 2007: 2).

4) Worksheet and knowledge sheet was separated. The learning model
designed the learning material from two sources: (1) a worksheet developed by the
researcher and (2) the textbook as a source of knowledge. The observation found that the
teacher and students used only the worksheet withno textbook. Thus, students did not
have some required knowledge and concepts which were stated in the textbook.

5) Some of experiments were not well designed, and that might have led to
student misconceptions. The results of the study showed that student misconceptions such
as the electrolytes came from what they observed in the experiment provided for them.
This result was in agreement with the previous study indicating that experiments have both
advantages and disadvantages (Chang; & Lederman: 1994: 167; Nakhleh; Polles;& Malina.
2003: 79). For advantage, if the experiment is designed well then the student would easily
have conceptual understanding. On the contrary, if the experiment is not designed well
then the student might construct an alternative concept.

6) The three levels of chemical representation was not explained properly in
the classroom. The observation showed that the teacher usually explained and imparted the
knowledge of the three levels of chemical representation in the same way as in the
traditional instruction rather than using prepared analogy activities and technological tools in
order to help students explain what they observed at the submicroscopic level and symbolic
levels by themselves. The previous research indicated that the use of explanation for the

three levels of representation without using prepared analogy activities and technological
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tools caused the lack of students’ interest and engagement in learning in- depth (Orgil; &

Bodner. 2004: 29; Wu; Krajcik: & Soloway. 2000: 822).

3.1.2 Students’ Integrated Science Process Skills

It was found that the integrated science process skills of the experimental
group students were not higher than the control group at a .05 level and were not higher
than the traditional instruction. This was not consistent with the proposed research
hypotheses which stated that it would be significantly higher than the control group at a
0.05 level. In the learning model the students had a chance to practice the five integrated
science process skills in step 3 because of laboratory learning. The outcome did not
comfirm the previous reports that laboratory learning could promote student science
process skills (Hofstein; & Lunetta. 1982: 201; 2004: 28). The possible reasons which
might explain the result of this study are as follows:

1) Students need more assistance to develop their integrated skills. The
interview of the teacher implied that the integrated science process skills were difficult for
the students as they could not be done by themselves, and they needed more assistance
from the teacher. This is in accord with Mei (2007: 17) and Nelson (2004: 35) who found
that more scaffolding is required for students in learning new or complex skills. The
scaffolding would have helped the students to acquire science process skills. However,
there needs to be a balance between providing students support and allowing them to be
independent learners.

It revealed that the teacher assistance in the implementing the learning
model might not enough to help student develop the integrated science process skills.

2) Students lack of background knowledge in related concepts. It was
found that students do not know the chemical formula of the substances, some students
use wrong chemicals in their experiment. Therefore, the background knowledge influenced
on development of the science process skills. These is confirmd by Berry et al. (1999: 27-
31) suggested a crucial factors that influence the acquisition of processskills used in
laboratory work, which is students’ relevant content knowledge that isassumed by the task
to be mentally engaged. A more knowledgeable studentwould be able to explain an
observation, which in turn “validates” his knowledge and giveshim a certain amount of

intellectual satisfaction.
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It was revealed that the students lack of background knowledge had an
influence on the results of the students’ integrated science process skills

3) Students need more time to understand the experiment. The results
agreed with many previous studies (Berry. 1999: 30; Hofstein et al. 2004; Padilla, Okey, &
Dillashaw. 1983; Watson. 2000: 68-69) which suggested that developing students’ science
process skills takes a long time and students should be provided sufficient time to
understand and do experiments by themselves.

It was revealed that the time might not have been enough for students to
develop the integrated skills.

4) Students need to pay attention while the teacher explains experimental
steps. Through observation, it was found that the students did not pay attention in listening
to the teacherand that they did not conduct some experimental steps well. These could
have affected the development of science process skills.

5) A small collaborative group is important. The research confirmed that
the collaborative group is effective in developing the science process skills. Such as Mei
(2007: 17) who used group collaboration extensively in a research study where students
worked in groups of three. He found that group collaboration was a successful strategy in
his study where a group of not more than four people would be effective. Berge (1990:
747) studied the effects of group size, gender, and ability grouping on learning science
process skills using microcomputers. It was found that teams of two and four members
working together solved problems as effectively as individuals. However, the results of this
study found that too large a group of students (about two to seven students in a group) is
an obstacle to improve student’s science process skills. But, if group organization was not
designed well or same ability students were in the same group then no one could help each

other.

3.1.3 Students’ Attitude towards Chemistry Laboratory Learning
The results of the study indicated that the students’ attitude towards
chemistry laboratory learning of the experimental group was statistically significantly higher
than the high level at a .05 level which was consistent with the proposed research
hypotheses. Students were happy and enjoyed doing the experiments. They perceived the
importance and usefulness of chemistry laboratory as well as having a chance to see and

touch real things during the experiment. It was revealed that doing laboratory learning can
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enhance student attitudes (Hofstein; & Lunetta. 1982: 201; 2004: 28). The research of
Freedman (1997: 343) used a hands-on laboratory program as a means of improving
student’s attitude towards science. It showed that the laboratory instruction influenced in a
positive direction the students’ attitude toward science. Accodingly, Foley; & McPhee
(2008: 1) found that students in the hands-on classes were generally more favorable to
science and had a better understanding of the nature of science than students in textbook
classes.

The results confirmed that the learning model was effective in terms of

promoting a positive attitude towards chemistry laboratory learning.

3.2 The Factors that Affected Students’ Conceptual Understanding, Integrated
Science Process Skills, and Attitude towards Chemistry Laboratory Learning Using the
Learning Model

The use of the learning model to be more effective in terms of students’
conceptual understanding, integrated science process skills, and attitude towards chemistry
laboratory learning is discussed as follows.

1) Completion of all classroom steps. The learning process consisted of six
steps based on social constuctivism, laboratory learning, and the connection between the
three levels of chemical representation. Steps 3-5 need the social interaction between
peers and the teacher which should be done in the classroom. However, the other steps
still need the teacher’s questions and scaffolding for the students’ learning. Therefore, in
order for the learning model to be more effective, all the steps are important to help the
students in understanding a concept until they can apply the knowledge in daily life at the
last step. Therefore, when using this learning model every step should be completed in the
appropriate way.

2) Preparing students’ background knowledge. Students’ background
knowledge affects future conceptions (Sirhan. 2007: 2) and development of the science
process skills (Berry et al. (1999: 27). Therefore, for the use of the learning model to be
more effective, the teacher should check and prepare the students’ background knowledge
that has relevance to a particular topic. However, if students have a very low background
knowledge for many concepts the teacher should prepare their background knowledge

before implementing the learning model for the effective use of the learning model.
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3) Teacher’s understanding of the concepts and integrated science process
skills. In using this learning model the teacher should be an active person. The teacher
should have a complete knowledge of both integrated science process skills and acid-base
concepts in order to ready to scaffold the students learning, to give feedback, and to correct
students’ conceptions. The teacher should have correct conceptual understanding
especially, as the teacher’s conception has an affect on the students’ conceptions (Chiu;
Lin; & Liang. 2011: 2).

4) Readiness of learning materials. It was found that the worksheets and
knowledge sheets were separated. The teacher and students used only the worksheets
with no textbooks. This could cause important knowledge or concepts in the textbook to be
missing for the students. Therefore, for teaching to be effective using this learning model,
the complete learning materials including factsheets and worksheets for students and
teachers to follow step by step, should be completed and placed in a students’ manual. In
this case, students could use the learning materials to follow the lesson especially when
they were absent. In addition students could do a preview beforethe class, recap/review
after class, and use for the preparation of the final examinations.

5) Teachers’ assistant. The learning model is based on social constructivism
which need the social interaction and scaffolding from the teacher (Zhang. 2010: 58; Chin.
2007: 816). Therefore, the teacher should act as a facilitator and scaffolder to help the
students while doing the experiment in step 3 and the other steps. Since many students
face difficulty in practicing integrated skills, the teacher needs to provide more scaffolding
(Nelson. 2004: 35).

6) Time management. When using the learning model for effective teaching
the teacher should manage the time for the topic, the time used in each plan, and each
step due to the time for each school level chemistry topic being limited. The teacher should
encourage the students to complete the tasks in an appropriate time, as well as give
appropriate time for students to develop their integrated science process skills.

7) Organizing student groups. The learning model focuses on the collaborative
group and as such a group of students with varying abilities. Therefore, the teacher should
organize the students into groups with varying abilities as it is an opportunity for high ability
students to help others, and with small numbers in each group in order to give an
opportunity to students to develop their skills and get help from teacher. This is in
alignment with the findings of a study conducted by Hofstein et al (2004), where

collabortative learning in laboratory work helped students construct knowledge.



139

4. Limitations
It is appropriate at this point to reflect upon what limitations were present in the
study and to consider what impact these limitations may have had on the trustworthiness of
the inquiry. The research inquiry reported on in this study had some limitations as follows.
1)The samples in this study were not of various abilities in a classroom, but
were medium to low achievement students.

2) The teacher who participated in the study was familiar with traditional
instruction or teacher-centered instruction because she had taught with this approach for
more than twenty years. Therefore, in the implementation phase she might have adapted
some things to her mindset and teaching habit.

3) In the implementation phase, the time in the second semester for the acid-
base topic was not enough to implement all of the lessons. Therefore, the implementation
was continued in the first semester of the 12th Grade which might have led to the
disconnection of concepts.

4) Students lack of attention when doing the test as they knew that it did not
affect their grades. The post-test of the experimental group was completed in less than fifty
minutes for the remaining ten items of ABCUT, twenty items of ISPST, and thirty items of

ACLLQ as the appropriate time should have been sixty to seventy minutes.

5. Recommendations
5.1 Recommendations for Policy Makers
From the findings of this reserach, the researcher would like to give some
suggestions for policy makers. Firstly, a large number of students in a classroom or a large
class size might have an influence on the teacher not being able to scaffold all the groups.
Therefore, if possible the school classroom should limit the number of students. Secondly,
oranizing students to work in groups is important. Students who have the same ability in a

class cannot help each other. Thus, organizing for mixed abilitiy groups should be done.

5.2 Recommendations for Teachers
The recommendation for teachers using the learning model effectively are as
follows:
- Teachers should study the Acid-base Laboratory Learning Model and should

understand the theories or principles underpinning the model. In addition, the learning
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process, teacher’'s and students’ role, and assessments are important to understand before
using the learning model.

- Particularly, teachers who use this model should consider the factors that
affect student’s conceptual understanding, integrated science process skills, and attitude
towards chemistry laboratory learning which include: 1) Completion of all steps in the
classroom, 2) Preparing students’ background knowledge, 3) Understanding the concepts
and integrated science process skills, 4) The use of learning materials, 5) Supporting
students constructing knowledge and skills, 6) Time management, and 7) Organizing
student groups.

- Teachers might adapt some experiments to be more suitable for a school
context or to enable understanding the concepts more easily by using everyday life
materials.

- Teachers might adapt the media or strategies used for the connection
between the three levels of chemical representation that best suit their students’

background and interest.

5.3 Recommendation for Future Research

From the problems and limitations found in this inquiry, the acid-base learning
unit used twenty-nine periods of time which was more than the twenty-seven periods for the
Thai science curriculum by IPST. Therefore, the suggestion for future research is that
research should be done to improve the learning unit design for the learning model to be
more suitable time-wise in practice.

Additionally, in some ways the experiment was not well designed which may
have caused misconceptions. The experiment used in the learning unit should be improved.

Moreover, some analogies the teacher did not use as they might not have
made sense to the teacher. The selection of appropriate analogies might be an interesting

research topic so as to find appropriate acid-base topic analogies.
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B.1 The Results of Evaluation of the Learning Model

B.1.1 The Item of Consistency (I0OC)

Table 23 The Results of Evaluation on the Consistency of the Learning Model According to

the Experts’ Opinion

List of Evaluation 10C Interpretation

1. Purposes and Background +1 +1 +1 +1 +H1 1.00 Consistent

2. Purpose and Aims of Science
+1 +1 +1 +1 +1 1.00 Consistent
Learning

3. Theories/Principles/Concepts and
+1 +1 +1 #1 0 0.80 Consistent
Purposes

4. Learning Processes and Purposes +1 +1 +1  +1 0 0.80 Consistent

5. Learning Processes and .
+1 +1 +1 +1 + 1.00 Consistent
Theories/Principles/Concepts

6. Teacher’s Roles and Learning
+1 +1 +1 +1 +1 1.00 Consistent
Process

7. Students’ Roles and Learning
+1 +1 +1 +1 +1 1.00 Consistent
Process

8. Teacher’s Roles and Students’
+1 +1 0 +1 +1 0.80 Consistent
Roles

9. Assessment Approach and
+1 +1 +1 +1 -1 0.60 Consistent
Purposes

10. Assessment Approach and
1 +1 +1 +1 A1 0.60 Consistent
Learning Processes

11. Benefits and Purposes +1 +1 +1 +1 #1 1.00 Consistent

12. Benefits and Learning Processes  +1 o +1 +1 #1 0.80 Consistent

13. Guidances and Learning
+1 41 0 +1 +1 0.80 Consistent
Processes

14. Guidances and
+1 +1 +1 +1 #1 1.00 Consistent
Theories/Principles/Concepts

Average 0.87 Consistent
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B.1.2 The Appropriateness

Table 24 The Results of Evaluation on Appropriateness of the Acid-base Laboratory

Learning Model According to the Experts’ Opinion

N=5 Level of
List of Evaluation E, E, E; E, Es; Average appropriate
ness

1. Purposes are suitable for high
4 5 4 5 5 4.60 Very high
school students.

2. Theories/Principles/Concepts are
4 5 5 5 4 4.60 Very high
suitable for chemistry teaching.

3. Learning processes are suitable for
4 5 5 5 4 4.60 Very high
acid-base topic.

4. Step 1 is appropriately and teacher
5 5 5 5 4 4.80 Very high
can do.

5. Step 2 is appropriately and teacher
5 4 5 5 4 4.60 Very high
can do.

6. Step 3 is appropriately and teacher
5 4 4 5 5 4.60 Very high
can do.

7. Step 4 is appropriately and teacher
5 5 5 5 4 4.80 Very high
can do.

8. Step 5 is appropriately and teacher
5 5 5 5 4 4.80 Very high
can do.

9. Step 6 is appropriately and teacher
5 5 5 5 3 4.60 Very high
can do.

10. Given name of each step is
4 5 5 5 4 4.60 Very high

appropriately
11. The 6 steps of learning model are
5 3 5 5 4 4.40 High
suitable for action
12. Teacher’s roles are suitably and
4 5 5 4 4.40 High

can act
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Table 24 (Continued)

N=5 Level of
List of Evaluation E, E, E; E, Es Average appropriate
ness
13. Students’ roles are suitably and
4 4 5 5 4 4.40 High
can act
14. Assessment approach is suitably
5 5 4 5 3 4.40 High
and can act.
15. The benefits are suitably 5 5 4 5 4 4.60 Very high
16. Guidance is suitably 4 5 3 5 4 4.20 High

17. The learning model is
5 4 5 5 4 4.60 Very high

appropriately
18. What is the quality of Learning
4 4 5 5 4 4.40 High
Model
Average 4.56 Very high

Suggestion from the experts

- In a step 1: introducation, teacher should give opportunity for student to express
their own question in order to feel have a participation in determining the objective

- In a step 4: connection, student should have opportunity to construct their own
explanation before, afterthat, teacher can assist them. Including write the teacher’s role
more in detail for enable to practice.

- In a step 6: application, in this step should use the situation in daily life instead
of using only a worksheet.

- Should gave an approach or strategies to correct the misconception

- Assessment should stress on process.

- Step 1 and 2 can be integrated.
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B.2 The Results of Evaluation of the Acid-base Learning Unit

Table 25 The Results of Evaluation on the Consistency of the Acid-base Learning Unit:

Lesson Plan 1

N=3 I0C
List of Evaluation Interpretation
E, E, E; Mean S.D.

1. Consistency between concepts and learning objectives

1.1 Concepts are in accord with learning +1 +1 0 0.67 0.58 Consistent
objectives
1.2 Concepts are in accord with aims of 1 +1 +1 1.00 0.00 Consistent

learning model
2. Consistency between learning activities and concepts

2.1 Experiements are in accord with +1  +1 +1 1.00 0.00 Consistent
concepts

2.2 Learning activities are in accord with +1 +1 1 1.00 0.00 Consistent
concepts

2.3 Concepts are correct +1  +1  +1 1.00 0.00 Consistent
3. Consistency between learning activities and learning objectives

3.1 Learning activities are in accord with £+ 1 0 0.67 0.58 Consistent
learning objectives
4. Consistency between learning activities and learning model

4.1 Learning activities focus on +1  +1 0 0.67 0.58 Consistent
exploration of prior knowledge, and

connection between prior and new

knowledge
4.2 Learning activities support social +1  +1 +1 1.00 0.00 Consistent
interaction
4.3 Learning activities encourage +1 +1 +1 1.00 0.00 Consistent

integrated science process skills
development
4.4 Experiment focus on everyday +1 +1 1 1.00 0.00 Consistent

material




Table 25 (Continued)
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N=3 [e]e;
List of Evaluation Interpretation
E, E, E; Mean S.D.

4.5 Learning activities bring about a good +1 +1  +1 1.00 0.00 Consistent
conceptual understanding

4.6 Learning acitivities make students feel +1 +1 +1 1.00 0.00 Consistent
fun and like experiment

4.7 Learning acitivities support students +1 +1 1 1.00 0.00 Consistent
can see the connection between three
levels of chemical representation
5. Consistency between evaluation and learning objectives

5.1 Evaluation is in accord with learning O i 0 0.33 0.58 Inconsistent*
objectives

5.2 Evaluation is cover all learning 0o +1 +1 0.67 0.58 Consistent
objectives
6. Consistency between evaluation and learning activities

6.1 Evaluation is in accord with learning +1 +1 +1 1.00 0.00 Consistent
activities

6.2 Evaluation is appropriate + 1 1 et 1.00 0.00 Consistent
7. Appropriateness of learning activity

7.1 The activity in a step 1 (introduction) +1 +1 0 0.67 0.58 Consistent
is appropriate

7.2 The activity in a step 2 (elicitation) is +1 +1 0 0.67 0.58 Consistent
appropriate

7.3 The activity in a step 3 +1 +1 1 1.00 0.00 Consistent
(experimentation) is appropriate

7.4 The activity in a step 4 (connection) is +1 +1  +1 1.00 0.00 Consistent
appropriate

7.5 The activity in a step 5 (construction) +1 +1 1 1.00 0.00 Consistent
is appropriate

7.6 The activity in a step 6 (application)is 0  +1 0 0.33 0.58 Inconsistent*

appropriate
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Table 25 (Continued)

N=3 IOC
List of Evaluation Interpretation
E, E, E; Mean S.D.

8. Others

8.1 Time arrangement is suitable for +1 +1 1 1.00 0.00 Consistent
activity

8.2 Learning materials are suitable for +1 +1 +1 1.00 0.00 Consistent
learning

8.3 Language usage is appropriate +1  +1 1 1.00 0.00 Consistent

Note: * The lesson plan was revised following the experts' suggestions.

Suggestion from the experts for Lesson Plan 1

- Students should identify type of substances (electrolyte or non-electrolyte) if we
know only chemical formula or name.

- Some concept is not cover all the learning objective.

- Activity is not cover all learning objective.

- The activity is too many, it would be take more time used.

- Activity for application is not suitable.

- Writing should be more clear and tight.
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Table 26 The Results of Evaluation on the Consistency of the Acid-base Learning Unit:

Lesson Plan 2

N=3 I0C
List of Evaluation Interpretation
E, E, E; Mean S.D.

1. Consistency between concepts and learning objectives

1.1 Concepts are in accord with learning +1 +1 1 1.00 0.00 Consistent
objectives
1.2 Concepts are in accord with aims of +1  +1 +1 1.00 0.00 Consistent

learning model
2. Consistency between learning activities and concepts

2.1 Experiements are in accord with +1 +1 +1 1.00 0.00 Consistent
concepts

2.2 Learning activities are in accord with +1 +1 +1 1.00 0.00 Consistent
concepts

2.3 Concepts are correct +1  +1  +1 1.00 0.00 Consistent
3. Consistency between learning activities and learning objectives

3.1 Learning activities are in accord with +1 +1 0 0.67 0.58 Consistent
learning objectives
4. Consistency between learning activities and learning model

4.1 Learning activities focus on = 0 0.67 0.58 Consistent
exploration of prior knowledge, and

connection between prior and new

knowledge

4.2 Learning activities support social +1 +1 +1 1.00 0.00 Consistent
interaction

4.3 Learning activities encourage +1 +1 1 1.00 0.00 Consistent

integrated science process skills
development
4.4 Experiment focus on everyday +1 +1 1 1.00 0.00 Consistent

material
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N=3 [e]e;
List of Evaluation Interpretation
E, E, E; Mean S.D.
4.5 Learning activities bring about a good
1 +1 # 1.00 0.00 Consistent
conceptual understanding
4.6 Learning acitivities make students feel
1 +1 # 1.00 0.00 Consistent
fun and like experiment
4.7 Learning acitivities support students
can see the connection between three 1 +1 # 1.00 0.00 Consistent
levels of chemical representation
5. Consistency between evaluation and learning objectives
5.1 Evaluation is in accord with learning O i 0 0.33 0.58 Inconsistent
objectives
5.2 Evaluation is cover all learning 0 +1 +1 0.67 0.58 Consistent
objectives
6. Consistency between evaluation and learning activities
6.1 Evaluation is in accord with learning +1 +1 +1 1.00 0.00 Consistent
activities
6.2 Evaluation is appropriate + 1 1 et 1.00 0.00 Consistent
7. Appropriateness of learning activity
7.1 The activity in a step 1 (introduction) +1 +1 0 0.67 0.58 Consistent
is appropriate
7.2 The activity in a step 2 (elicitation) is +1 +1 0 0.67 0.58 Consistent
appropriate
7.3 The activity in a step 3 +1 +1 1 1.00 0.00 Consistent
(experimentation) is appropriate
7.4 The activity in a step 4 (connection) is +1 +1  +1 1.00 0.00 Consistent
appropriate
7.5 The activity in a step 5 (construction) +1 +1 0 0.67 0.58 Consistent
is appropriate
7.6 The activity in a step 6 (application)is 0 +1 +1 0.67 0.58 Consistent

appropriate
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Table 26 (Continued)

N=3 IOC
List of Evaluation Interpretation
E, E, E; Mean S.D.

8. Others

8.1 Time arrangement is suitable for +1 +1 0 0.67 0.58 Consistent
activity

8.2 Learning materials are suitable for +1 +1 +1 1.00 0.00 Consistent
learning

8.3 Language usage is appropriate +1  +1 0 0.67 0.58 Consistent

Note: * The lesson plan was revised following the experts' suggestions

Suggestion from the experts for Lesson Plan 2

- Students should identify which one is acid, base, or amphoteric from their
chemical formula or their name.

- Students should write the chemical equation correctly.

- Activity is not cover all learning objective.

- In the step 1 should engage students with the everyday phenomena

- Researcher should tell some method/strategies to correct the students’
misconception.

- The activity is too many, it would be take more time used.

- Writing should be more clear and tight.

- Some question should be improved in order to motivate students participate in
discussion.

- Evaluation should stress on the process.
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Table 27 The Results of Evaluation on the Consistency of the Acid-base Learning Unit:

Lesson Plan 3

N=3 10C
List of Evaluation Interpretation
E, E, E; Mean S.D.

1. Consistency between concepts and learning objectives

1.1 Concepts are in accord with learning +1 +1 0 0.67 0.58 Consistent
objectives
1.2 Concepts are in accord with aims of +1  +1  +1 0.67 0.58 Consistent

learning model
2. Consistency between learning activities and concepts

2.1 Experiements are in accord with +1 +1 +1 1.00 0.00 Consistent
concepts

2.2 Learning activities are in accord with +1 +1 +1 1.00 0.00 Consistent
concepts

2.3 Concepts are correct +1  +1  +1 1.00 0.00 Consistent
3. Consistency between learning activities and learning objectives

3.1 Learning activities are in accord with +1 +1 0 0.67 0.58 Consistent
learning objectives
4. Consistency between learning activities and learning model

4.1 Learning activities focus on = 0 0.67 0.58 Consistent
exploration of prior knowledge, and

connection between prior and new

knowledge

4.2 Learning activities support social +1 +1 +1 1.00 0.00 Consistent
interaction

4.3 Learning activities encourage +1 +1 1 1.00 0.00 Consistent

integrated science process skills
development
4.4 Experiment focus on everyday +1 +1 1 1.00 0.00 Consistent

material
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N=3 [e]e;
List of Evaluation Interpretation
E, E, E; Mean S.D.

4.5 Learning activities bring about a good +1 +1  +1 1.00 0.00 Consistent
conceptual understanding

4.6 Learning acitivities make students feel +1 +1 +1 1.00 0.00 Consistent
fun and like experiment

4.7 Learning acitivities support students +1 +1 1 1.00 0.00 Consistent
can see the connection between three
levels of chemical representation
5. Consistency between evaluation and learning objectives

5.1 Evaluation is in accord with learning 0 +1 +1 0.67 0.58 Consistent
objectives

5.2 Evaluation is cover all learning 0 +1 0 0.33 0.58 Inconsistent*
objectives
6. Consistency between evaluation and learning activities

6.1 Evaluation is in accord with learning +1 +1 +1 1.00 0.00 Consistent
activities

6.2 Evaluation is appropriate + 1 1 et 1.00 0.00 Consistent
7. Appropriateness of learning activity

7.1 The activity in a step 1 (introduction) +1 +1 0 0.67 0.58 Consistent
is appropriate

7.2 The activity in a step 2 (elicitation) is +1 +1 0 0.67 0.58 Consistent
appropriate

7.3 The activity in a step 3 +1 +1 1 1.00 0.00 Consistent
(experimentation) is appropriate

7.4 The activity in a step 4 (connection) is +1 +1  +1 1.00 0.00 Consistent
appropriate

7.5 The activity in a step 5 (construction) +1  +1 0 0.67 0.58 Consistent
is appropriate

7.6 The activity in a step 6 (application)is 0 +1 -1 0.00 1.00 Inconsistent*

appropriate
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Table 27 (Continued)

N=3 IOC
List of Evaluation Interpretation
E, E, E; Mean S.D.

8. Others

8.1 Time arrangement is suitable for +1 +1 0 0.67 0.58 Consistent
activity

8.2 Learning materials are suitable for +1 +1 +1 1.00 0.58 Consistent
learning

8.3 Language usage is appropriate +1  +1 0 0.67 0.58 Consistent

Note: * The lesson plan was revised following the experts' suggestions

Suggestion from the experts for Lesson Plan 3

- Researcher should explain and calculate in order to students know that; when we
add acid or base into pure water, the results are change of concentration and pH, pure
water has pH = 7 and it will be change when we add acid or base.

- Some concept is not cover all the learning objective.

- In the step 1 should engage students with the everyday phenomena.

- Researcher should tell some method/strategies to correct the students’
misconception.

- Activity for application is not suitable.

- The activity is too many, it would be take more time used.

- Writing should be more clear and tight.

- Some activity has no evaluation method.
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Table 28 The Results of Evaluation on the Consistency of the Acid-base Learning Unit:

Lesson Plan 4

N=3 I0C
List of Evaluation Interpretation
E, E, E; Mean S.D.

1. Consistency between concepts and learning objectives

1.1 Concepts are in accord with learning +1 +1 0 0.67 0.58 Consistent
objectives
1.2 Concepts are in accord with aims of +1  +1  +1 1.00 0.00 Consistent

learning model
2. Consistency between learning activities and concepts

2.1 Experiements are in accord with +1 +1 +1 1.00 0.00 Consistent
concepts

2.2 Learning activities are in accord with +1 +1 +1 1.00 0.00 Consistent
concepts

2.3 Concepts are correct +1  +1  +1 1.00 0.00 Consistent
3. Consistency between learning activities and learning objectives

3.1 Learning activities are in accord with +1 +1 +1 1.00 0.00 Consistent
learning objectives
4. Consistency between learning activities and learning model

4.1 Learning activities focus on = 0 0.67 0.58 Consistent
exploration of prior knowledge, and

connection between prior and new

knowledge

4.2 Learning activities support social +1 +1 +1 1.00 0.00 Consistent
interaction

4.3 Learning activities encourage +1 +1 1 1.00 0.00 Consistent

integrated science process skills
development
4.4 Experiment focus on everyday +1 +1 1 1.00 0.00 Consistent

material
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Table 28 (Continued)

N=3 I0C
List of Evaluation Interpretation
E, E, E; Mean S.D.

4.5 Learning activities bring about a good +1 +1  +1 1.00 0.00 Consistent
conceptual understanding

4.6 Learning acitivities make students feel 0  +1  +1 0.67 0.58 Consistent
fun and like experiment

4.7 Learning acitivities support students +1 +1 1 1.00 0.00 Consistent
can see the connection between three
levels of chemical representation

5. Consistency between evaluation and learning objectives

5.1 Evaluation is in accord with learning +1 +1 1 1.00 0.00 Consistent
objectives

5.2 Evaluation is cover all learning +1 +1 +1 1.00 0.00 Consistent
objectives

6. Consistency between evaluation and learning activities

6.1 Evaluation is in accord with learning +1 +1 +1 1.00 0.00 Consistent
activities
6.2 Evaluation is appropriate + 1 1 et 1.00 0.00 Consistent

7. Appropriateness of learning activity

7.1 The activity in a step 1 (introduction) +1 +1 0 0.67 0.58 Consistent
is appropriate

7.2 The activity in a step 2 (elicitation) is +1 +1 0 0.67 0.58 Consistent
appropriate

7.3 The activity in a step 3 +1 +1 1 1.00 0.00 Consistent
(experimentation) is appropriate

7.4 The activity in a step 4 (connection) is +1 +1  +1 1.00 0.00 Consistent
appropriate

7.5 The activity in a step 5 (construction) +1 +1 1 1.00 0.00 Consistent
is appropriate

7.6 The activity in a step 6 (application) is +1 +1 -1 0.33 1.15 Inconsistent*

appropriate
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Table 28 (Continued)

N=3 IOC
List of Evaluation Interpretation
E, E, E; Mean S.D.

8. Others

8.1 Time arrangement is suitable for +1 +1 0 0.67 0.58 Consistent
activity

8.2 Learning materials are suitable for +1 +1 +1 1.00 0.00 Consistent
learning

8.3 Language usage is appropriate +1  +1 0 0.67 0.58 Consistent

Note: * The lesson plan was revised following the experts' suggestions

Suggestion from the experts for the Lesson Plan 4

- Researcher should remind that in these topic students should be able to; identify
type of acids and bases, why strong acid-base has calculation method different from weak
acid-base

- Some concept is not cover all the learning objective.

- In the step 1 should engage students with the everyday phenomena.

- The worksheets are more, it would be take more time used.

- Researcher should tell some method/strategies to correct the students’
misconception.

- Activity for application is not suitable.

- Writing should be more clear.
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Table 29 The Results of Evaluation on the Consistency of the Acid-base Learning Unit:

Lesson Plan 5

N=3 I0C
List of Evaluation Interpretation
E, E, E; Mean S.D.

1. Consistency between concepts and learning objectives

1.1 Concepts are in accord with learning +1 +1 0 0.67 0.58 Consistent
objectives
1.2 Concepts are in accord with aims of +1 +1 0 0.67 0.58 Consistent

learning model
2. Consistency between learning activities and concepts

2.1 Experiements are in accord with +1 +1 +1 1.00 0.00 Consistent
concepts

2.2 Learning activities are in accord with +1 %t 1 0 0.67 0.58 Consistent
concepts

2.3 Concepts are correct +1  +1  +1 1.00 0.00 Consistent
3. Consistency between learning activities and learning objectives

3.1 Learning activities are in accord with +1 +1 0 0.67 0.58 Consistent
learning objectives
4. Consistency between learning activities and learning model

4.1 Learning activities focus on = 0 0.67 0.58 Consistent
exploration of prior knowledge, and

connection between prior and new

knowledge

4.2 Learning activities support social +1 +1 +1 1.00 0.00 Consistent
interaction

4.3 Learning activities encourage +1 +1 1 1.00 0.00 Consistent

integrated science process skills
development
4.4 Experiment focus on everyday +1 +1 1 1.00 0.00 Consistent

material
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Table 29 (Continued)

N=3 I0C
List of Evaluation Interpretation
E, E, E; Mean S.D.

4.5 Learning activities bring about a good +1 +1  +1 1.00 0.00 Consistent
conceptual understanding

4.6 Learning acitivities make students feel 0 +1  +1 0.67 0.58 Consistent
fun and like experiment

4.7 Learning acitivities support students +1 +1 1 1.00 0.00 Consistent
can see the connection between three
levels of chemical representation

5. Consistency between evaluation and learning objectives

5.1 Evaluation is in accord with learning +1 +1 1 1.00 0.00 Consistent
objectives

5.2 Evaluation is cover all learning +1 +1 +1 1.00 0.00 Consistent
objectives

6. Consistency between evaluation and learning activities

6.1 Evaluation is in accord with learning +1 +1 +1 1.00 0.00 Consistent
activities
6.2 Evaluation is appropriate + 1 1 et 1.00 0.00 Consistent

7. Appropriateness of learning activity

7.1 The activity in a step 1 (introduction) +1 +1 0 0.67 0.58 Consistent
is appropriate

7.2 The activity in a step 2 (elicitation) is +1 +1 0 0.67 0.58 Consistent
appropriate

7.3 The activity in a step 3 +1 +1 1 1.00 0.00 Consistent
(experimentation) is appropriate

7.4 The activity in a step 4 (connection) is +1 +1  +1 1.00 0.00 Consistent
appropriate

7.5 The activity in a step 5 (construction) +1 +1 1 1.00 0.00 Consistent
is appropriate

7.6 The activity in a step 6 (application) is +1  +1 0 0.67 0.58 Consistent

appropriate
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Table 29 (Continued)

N=3 IOC
List of Evaluation Interpretation
E, E, E; Mean S.D.

8. Others

8.1 Time arrangement is suitable for +1 +1 0 0.67 0.58 Consistent
activity

8.2 Learning materials are suitable for +1 +1 +1 1.00 0.00 Consistent
learning

8.3 Language usage is appropriate +1  +1 1 1.00 0.00 Consistent

Suggestion from the experts for the Lesson Plan 5

- In these topic, students need to know the main concepts of the following: why
nee to have pH, why pH < 7 is acid, pH = 7 is neutral, and pH > 7 is base, How pH tell us
about acid-base properties.

- Some concept is not cover all the learning objective.

- Some learning objective has no an activity.

- In the step 1 should engage students with the everyday phenomena.

- Researcher should tell some method/strategies to correct the students’
misconception.

- Activity for application is not suitable.

- The worksheets are more, it would be take more time used.
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Table 30 The Results of Evaluation on the Consistency of the Acid-base Learning Unit:

Lesson Plan 6

N=3 10C
List of Evaluation Interpretation
E, E, E; Mean S.D.

1. Consistency between concepts and learning objectives

1.1 Concepts are in accord with learning +1 +1 0 0.67 0.58 Consistent
objectives
1.2 Concepts are in accord with aims of +1  +1  +1 1.00 0.00 Consistent

learning model
2. Consistency between learning activities and concepts

2.1 Experiements are in accord with +1 +1 +1 1.00 0.00 Consistent
concepts

2.2 Learning activities are in accord with +1 +1 +1 1.00 0.00 Consistent
concepts

2.3 Concepts are correct +1  +1  +1 1.00 0.00 Consistent
3. Consistency between learning activities and learning objectives

3.1 Learning activities are in accord with +1 +1 +1 1.00 0.00 Consistent
learning objectives
4. Consistency between learning activities and learning model

4.1 Learning activities focus on = 0 0.67 0.58 Consistent
exploration of prior knowledge, and

connection between prior and new

knowledge

4.2 Learning activities support social +1 +1 +1 1.00 0.00 Consistent
interaction

4.3 Learning activities encourage +1 +1 1 1.00 0.00 Consistent

integrated science process skills
development
4.4 Experiment focus on everyday +1 +1 1 1.00 0.00 Consistent

material
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Table 30 (Continued)

N=3 I0C
List of Evaluation Interpretation
E, E, E; Mean S.D.

4.5 Learning activities bring about a good +1 +1  +1 1.00 0.00 Consistent
conceptual understanding

4.6 Learning acitivities make students feel 0 +1  +1 0.67 0.58 Consistent
fun and like experiment

4.7 Learning acitivities support students +1 +1 +1 1.00 0.00 Consistent
can see the connection between three
levels of chemical representation

5. Consistency between evaluation and learning objectives

5.1 Evaluation is in accord with learning +1 +1 1 1.00 0.00 Consistent
objectives

5.2 Evaluation is cover all learning +1 +1 +1 1.00 0.00 Consistent
objectives

6. Consistency between evaluation and learning activities

6.1 Evaluation is in accord with learning +1 +1 +1 1.00 0.00 Consistent
activities
6.2 Evaluation is appropriate + 1 1 et 1.00 0.00 Consistent

7. Appropriateness of learning activity

7.1 The activity in a step 1 (introduction) +1 +1 0 0.67 0.58 Consistent
is appropriate

7.2 The activity in a step 2 (elicitation) is +1 +1 0 0.67 0.58 Consistent
appropriate

7.3 The activity in a step 3 +1 +1 1 1.00 0.00 Consistent
(experimentation) is appropriate

7.4 The activity in a step 4 (connection) is +1 +1  +1 1.00 0.00 Consistent
appropriate

7.5 The activity in a step 5 (construction) +1 +1 1 1.00 0.00 Consistent
is appropriate

7.6 The activity in a step 6 (application) is +1 +1  +1 1.00 0.00 Consistent

appropriate
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Table 30 (Continued)

N=3 IOC
List of Evaluation Interpretation
E, E, E; Mean S.D.

8. Others

8.1 Time arrangement is suitable for +1 +1 1 1.00 0.00 Consistent
activity

8.2 Learning materials are suitable for +1 +1 +1 1.00 0.00 Consistent
learning

8.3 Language usage is appropriate +1  +1 1 1.00 0.00 Consistent

Suggestion from the experts for the Lesson Plan 6
- Students have to write the chemical equation of acids and bases reactions
- Students must identify which salt can or can not dissolve in water
- The concepts are not cover the learning objectives.
- Some question need to be revised
- In the step 1 should use the phenomena related to students’ daily life.

- Do not forget to check the students’ misconception.
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Table 31 The Results of Evaluation on the Consistency of the Acid-base Learning Unit:

Lesson Plan 7

N=3 10C
List of Evaluation Interpretation
E, E, E; Mean S.D.

1. Consistency between concepts and learning objectives

1.1 Concepts are in accord with learning +1 +1 1 1.00 0.00 Consistent
objectives
1.2 Concepts are in accord with aims of +1  +1 +1 1.00 0.00 Consistent

learning model
2. Consistency between learning activities and concepts

2.1 Experiements are in accord with +1 +1 +1 1.00 0.00 Consistent
concepts

2.2 Learning activities are in accord with +1 +1 +1 1.00 0.00 Consistent
concepts

2.3 Concepts are correct +1  +1  +1 1.00 0.00 Consistent
3. Consistency between learning activities and learning objectives

3.1 Learning activities are in accord with +1 +1 +1 1.00 0.00 Consistent
learning objectives
4. Consistency between learning activities and learning model

4.1 Learning activities focus on = 0 0.67 0.58 Consistent
exploration of prior knowledge, and

connection between prior and new

knowledge

4.2 Learning activities support social +1 +1 +1 1.00 0.00 Consistent
interaction

4.3 Learning activities encourage +1 +1 1 1.00 0.00 Consistent

integrated science process skills
development
4.4 Experiment focus on everyday +1 +1 1 1.00 0.00 Consistent

material
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Table 31 (Continued)

N=3 I0C
List of Evaluation Interpretation
E, E, E; Mean S.D.

4.5 Learning activities bring about a good +1 +1  +1 1.00 0.00 Consistent
conceptual understanding

4.6 Learning acitivities make students feel +1 +1 +1 1.00 0.00 Consistent
fun and like experiment

4.7 Learning acitivities support students +1 +1 1 1.00 0.00 Consistent
can see the connection between three
levels of chemical representation

5. Consistency between evaluation and learning objectives

5.1 Evaluation is in accord with learning +1 +1 1 1.00 0.00 Consistent
objectives

5.2 Evaluation is cover all learning +1 +1 +1 1.00 0.00 Consistent
objectives

6. Consistency between evaluation and learning activities

6.1 Evaluation is in accord with learning +1 +1 +1 1.00 0.00 Consistent
activities
6.2 Evaluation is appropriate + 1 1 et 1.00 0.00 Consistent

7. Appropriateness of learning activity

7.1 The activity in a step 1 (introduction) +1 +1 0 0.67 0.58 Consistent
is appropriate

7.2 The activity in a step 2 (elicitation) is +1 +1 0 0.67 0.58 Consistent
appropriate

7.3 The activity in a step 3 +1 +1 1 1.00 0.00 Consistent
(experimentation) is appropriate

7.4 The activity in a step 4 (connection) is +1 +1  +1 1.00 0.00 Consistent
appropriate

7.5 The activity in a step 5 (construction) +1 +1 1 1.00 0.00 Consistent
is appropriate

7.6 The activity in a step 6 (application) is +1  +1 0 0.67 0.58 Consistent

appropriate
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Table 31 (Continued)

N=3 IOC
List of Evaluation Interpretation
E, E, E; Mean S.D.

8. Others

8.1 Time arrangement is suitable for 0 +1 +1 0.67 0.58 Consistent
activity

8.2 Learning materials are suitable for +1 +1 +1 1.00 0.00 Consistent
learning

8.3 Language usage is appropriate 0 +1 +1 0.67 0.58 Consistent

Suggestion from the experts for the Lesson Plan 7
- Activity for application is not suitable.
- It would be take more time used.

- In writing, you should use formal language.
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Table 32 The Results of Evaluation on the Consistency of the Acid-base Learning Unit:

Lesson Plan 8

N=3 I0C
List of Evaluation Interpretation
E, E, E; Mean S.D.

1. Consistency between concepts and learning objectives

1.1 Concepts are in accord with learning +1 +1 1 1.00 0.00 Consistent
objectives
1.2 Concepts are in accord with aims of +1  +1 +1 1.00 0.00 Consistent

learning model
2. Consistency between learning activities and concepts

2.1 Experiements are in accord with +1 +1 +1 1.00 0.00 Consistent
concepts

2.2 Learning activities are in accord with +1 +1 +1 1.00 0.00 Consistent
concepts

2.3 Concepts are correct +1  +1  +1 1.00 0.00 Consistent
3. Consistency between learning activities and learning objectives

3.1 Learning activities are in accord with +1 +1 +1 1.00 0.00 Consistent
learning objectives
4. Consistency between learning activities and learning model

4.1 Learning activities focus on +1  +1 +1 1.00 0.00 Consistent
exploration of prior knowledge, and

connection between prior and new

knowledge

4.2 Learning activities support social +1 +1 1 1.00 0.00 Consistent
interaction

4.3 Learning activities encourage +1  +1 1 1.00 0.00 Consistent

integrated science process skills
development
4.4 Experiment focus on everyday +1 +1 1 1.00 0.00 Consistent

material
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Table 32 (Continued)

N=3 I0C
List of Evaluation Interpretation
E, E, E; Mean S.D.

4.5 Learning activities bring about a good +1 +1  +1 1.00 0.00 Consistent
conceptual understanding

4.6 Learning acitivities make students feel +1 +1 +1 1.00 0.00 Consistent
fun and like experiment

4.7 Learning acitivities support students +1 +1 1 1.00 0.00 Consistent
can see the connection between three
levels of chemical representation

5. Consistency between evaluation and learning objectives

5.1 Evaluation is in accord with learning +1 +1 1 1.00 0.00 Consistent
objectives

5.2 Evaluation is cover all learning +1 +1 +1 1.00 0.00 Consistent
objectives

6. Consistency between evaluation and learning activities

6.1 Evaluation is in accord with learning +1 +1 +1 1.00 0.00 Consistent
activities
6.2 Evaluation is appropriate + 1 1 et 1.00 0.00 Consistent

7. Appropriateness of learning activity

7.1 The activity in a step 1 (introduction) +1 +1 +1 1.00 0.00 Consistent
is appropriate

7.2 The activity in a step 2 (elicitation) is +1 +1 0 0.67 0.58 Consistent
appropriate

7.3 The activity in a step 3 +1 +1 1 1.00 0.00 Consistent
(experimentation) is appropriate

7.4 The activity in a step 4 (connection) is +1 +1  +1 1.00 0.00 Consistent
appropriate

7.5 The activity in a step 5 (construction) +1 +1 1 1.00 0.00 Consistent
is appropriate

7.6 The activity in a step 6 (application) is +1 +1  +1 1.00 0.00 Consistent

appropriate
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Table 32 (Continued)

N=3 I0C
List of Evaluation Interpretation
E, E, E; Mean S.D.

8. Others

8.1 Time arrangement is suitable for 0 +1 +1 0.67 0.58 Consistent
activity

8.2 Learning materials are suitable for +1 +1 +1 1.00 0.00 Consistent
learning

8.3 Language usage is appropriate 0 +1 +1 0.67 0.58 Consistent

Suggestion from the experts for the Lesson Plan 8
- It would be take more time used.

- In writing, you should use formal language.



189

Table 33 The Results of Evaluation on the Consistency of the Acid-base Learning Unit:

Lesson Plan 9

N=3 I0C
List of Evaluation Interpretation
E, E, E; Mean S.D.

1. Consistency between concepts and learning objectives

1.1 Concepts are in accord with learning +1 +1 0 0.67 0.58 Consistent
objectives
1.2 Concepts are in accord with aims of +1  +1  +1 1.00 0.00 Consistent

learning model
2. Consistency between learning activities and concepts

2.1 Experiements are in accord with +1 +1 +1 1.00 0.00 Consistent
concepts

2.2 Learning activities are in accord with +1 +1 +1 1.00 0.00 Consistent
concepts

2.3 Concepts are correct +1  +1  +1 1.00 0.00 Consistent
3. Consistency between learning activities and learning objectives

3.1 Learning activities are in accord with +1 +1 +1 1.00 0.00 Consistent
learning objectives
4. Consistency between learning activities and learning model

4.1 Learning activities focus on +1  +1 +1 1.00 0.00 Consistent
exploration of prior knowledge, and

connection between prior and new

knowledge

4.2 Learning activities support social +1 +1 1 1.00 0.00 Consistent
interaction

4.3 Learning activities encourage +1  +1 1 1.00 0.00 Consistent

integrated science process skills
development
4.4 Experiment focus on everyday +1 +1 1 1.00 0.00 Consistent

material
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Table 33 (Continued)

N=3 I0C
List of Evaluation Interpretation
E, E, E; Mean S.D.

4.5 Learning activities bring about a good +1 +1  +1 1.00 0.00 Consistent
conceptual understanding

4.6 Learning acitivities make students feel +1 +1 +1 1.00 0.00 Consistent
fun and like experiment

4.7 Learning acitivities support students +1 +1 1 1.00 0.00 Consistent
can see the connection between three
levels of chemical representation

5. Consistency between evaluation and learning objectives

5.1 Evaluation is in accord with learning +1 +1 1 1.00 0.00 Consistent
objectives

5.2 Evaluation is cover all learning +1 +1 +1 1.00 0.00 Consistent
objectives

6. Consistency between evaluation and learning activities

6.1 Evaluation is in accord with learning +1 +1 +1 1.00 0.00 Consistent
activities
6.2 Evaluation is appropriate + 1 1 et 1.00 0.00 Consistent

7. Appropriateness of learning activity

7.1 The activity in a step 1 (introduction) +1 +1 +1 1.00 0.00 Consistent
is appropriate

7.2 The activity in a step 2 (elicitation) is +1 +1 0 0.67 0.58 Consistent
appropriate

7.3 The activity in a step 3 +1 +1 1 1.00 0.00 Consistent
(experimentation) is appropriate

7.4 The activity in a step 4 (connection) is +1  +1  +1 1.00 0.00 Consistent
appropriate

7.5 The activity in a step 5 (construction) +1 +1 1 1.00 0.00 Consistent
is appropriate

7.6 The activity in a step 6 (application) is +1  +1 0 0.67 0.58 Consistent

appropriate
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Table 33 (Continued)

N=3 IOC
List of Evaluation Interpretation
E, E, E; Mean S.D.

8. Others

8.1 Time arrangement is suitable for 0 +1 +1 0.67 0.58 Consistent
activity

8.2 Learning materials are suitable for +1 +1 +1 1.00 0.00 Consistent
learning

8.3 Language usage is appropriate 0 +1 +1 0.67 0.58 Consistent

Suggestion from the experts for the Lesson Plan 9
- In the step 1, researcher should tell strategies could be used in a review about
conjugate acid-base pairs.
- Researcher should tell teacher’s role if students have a misconception.
- Activity in an application step is not suitable.
- Some learning objective lack of a concept such as application of buffer solution.
- It would be take more time used.

- In writing, you should use formal language.
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B.3 The Results of Evaluation of the Acid-Base Conceptual Understanding Test

(ABCUT)

Table 34 The Result of Evaluation on |IOC of the Acid-Base Conceptual Understanding Test

Items
N=3 I0C
No. Concepts Results
E, E, E; Mean S.D.
1 Electrolyte and Non-electrolyte 0 0 1 0.33 0.58 Disapproval®
2 Electrolyte and Non-electrolyte 1 1 1 1.00 0.00 Approval
3 Electrolyte and Non-electrolyte 1 1 1 1.00 0.00 Approval
4 Acid-base Theory 1 1 1 1.00 0.00 Approval
5 Acid-base Theory 1 1 1 1.00 0.00 Approval
6 Acid-base Theory 1 1 1 1.00 0.00 Approval
7 Conjugate Acid-base Pairs 1 1 1 1.00 0.00 Approval
8 Conjugate Acid-base Pairs 1 1 1 1.00 0.00 Approval
9 Conjugate Acid-base Pairs 1 1 1 1.00 0.00 Approval
10 Dissociation of Water 0 1 1 0.67 0.58 Approval
11 Dissociation of Water 0 1 1 0.67 0.58 Approval
12 Dissociation of Water 1 1 1 1.00 0.00 Approval
13 pH Solution 1 1 1 1.00 0.00 Approval
14 pH Solution 0 0 1 0.33 0.58 Disapproval*
15 pH Solution 0 1 1 0.67 0.58 Approval
16  Dissociation of Strong Acids and 1 1 1 1.00 0.00 Approval
Bases
17  Dissociation of Strong Acids and 1 1 1 1.00 0.00 Approval
Bases
18 Dissociation of Strong Acids and 1 1 1 1.00 0.00 Approval
Bases
19 Dissociation of Strong Acids and 1 0 1 0.67 0.58 Approval
Bases
20 Dissociation of Weak Acids and 1 1 1 1.00 0.00 Approval

Bases




Table 34 (Continued)
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N= IOC
No. Concepts Results
E, E, E; Mean SD
21 Dissociation of Weak Acids and 1 1 1 1.00 0.00 Approval
Bases
22  Dissociation of Weak Acids and 1 1 1 1.00 0.00 Approval
Bases
23  Dissociation of Weak Acids and 1 1 1 1.00 0.00 Approval
Bases
24 Indicator 1 1 1 1.00 0.00 Approval
25 Indicator 1 0 1 0.67 0.58 Approval
26 Indicator 1 1 0 0.67 0.58 Approval
27 Acid-Base Reaction 1 1 1 1.00 0.00 Approval
28 Acid-Base Reaction 1 1 1 1.00 0.00 Approval
29 Acid-Base Reaction 1 0 1 0.67 0.58 Approval
30 Hydrolysis 0 1 1 0.67 0.58 Approval
31 Hydrolysis 0 0 1 0.33 0.58 Disapproval*
32 Hydrolysis 1 1 1 1.00 0.00 Approval
33 Titration 1 0 1 0.67 0.58 Approval
34 Titration 1 1 1 1.00 0.00 Approval
35 Titration 1 0 1 0.67 0.58 Approval
36 Titration 1 1 1 1.00 0.00 Approval
37 Titration 0 1 0 0.33 0.58 Disapproval*
38 Buffer Solution 1 1 1 1.00 0.00 Approval
39 Buffer Solution 1 1 1 1.00 0.00 Approval
40 Buffer Solution 1 1 1 1.00 0.00 Approval

Note * The item was revised following the experts' suggestions before being used.
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Table 35 The Results of Evaluation on Item Difficulty (p) and Item Discrimination (r) of the

Acid-Base Conceptual Understanding Test (ABCUT) Items

Used No Used
No. P r Interpretation p r Interpretation
No. No.
1 037 0.20 Can be used - 21 0.60 0.33 Can be used 13
2 078 047 Can be used 1 22 0.26 0.27 Can be used -
3 054 0.50 Can be used 2 23 0.33 047 Can be used -
4 026 047 Can be used 3 24 042 0.20 Can be used 14
5 052 0.50 Can be used 4 25 0.36 0.33 Can be used -
6 037 0.53 Can be used 5 26 0.52 0.63 Can be used 15
7 054 0.60 Can be used 6 27 0.16 0.03 Can not be used 16*
8 043 0.60 Can be used 7 28 0.20 0.03 Can not be used 17*
9 066 0.57 Can be used - 29 0.60 0.50 Can be used -
10 042 0.33 Can be used 8 30 0.30 0.37 Can be used 18
11 0.21 -0.07 Can not be used - 31 022 040 Can be used 19
12 0.28 0.33 Can be used 9 32 0.22 0.27 Can be used 20
13 0.18 0.17 Can not be used - 33 0.27 0.07 Can not be used -
14 0.27 0.37 Can be used 10 34 025 0.23 Can be used 21
15 0.55 0.63 Can be used - 35 0.28 0.03 Can not be used -
16 041 0.33 Can be used - 36 0.45 0.33 Can be used 22
17 0.65 0.60 Can be used 11 37 0.25 0.23 Can be used 23
18 0.27 0.47 Can be used 12 38 0.32 0.20 Can be used 24
19 0.24 0.00 Can not be used - 39 0.27 0.10 Can not be used -
20 030 0.23 Can be used - 40 041 0.27 Can be used 25
Note: 1. The reliability (KR20) for 40 items was 0.76.

2. The item discriminant idex (r) used the upper and lower 27% of the sample

group technique, because the samples are more than 100 (Saiyod; & Saiyod. 2000: 186)

star (*) designation was used because it is an important concept that student should

understand correctly.

3. The items that have p and r value rang in 0.20-0.80 was selected. However the

4. The 25 items that were selected show a 0.73 of the reliability (KR20).
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ABCUT

No. P R No. p R
1 0.78 0.40 14 0.42 0.27
2 0.54 0.60 15 0.52 0.67
3 0.26 0.47 16 0.16 0.00
4 0.52 0.53 17 0.20 0.03
5 0.37 0.50 18 0.30 0.47
6 0.54 0.43 19 0.22 0.43
7 0.43 0.60 20 0.22 0.23
8 0.42 0.30 21 0.25 0.20
9 0.28 0.37 22 0.45 0.43
10 0.27 0.53 23 0.25 0.17
11 0.65 0.63 24 0.32 0.20
12 0.27 0.53 25 0.41 0.37
13 0.60 0.47

Note: The reliability (KR20) of 25 items after deleted some items was 0.73.
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B.4 The Results of Evaluation of the Integrated Science Process Skills Test (ISPST)

Table 37 The Result of Evaluation on |IOC of the Integrated Science Process Skills Test

Integrated Science Process N=3 I0C
No. Results
Skills Test E, E, E; Mean S.D.
1 Identifying and controlling 1 1 1 1.00 0.00 Approval
variables
2 Identifying and controlling 1 1 1 1.00 0.00 Approval
variables
3 Identifying and controlling 1 1 1 1.00 0.00 Approval
variables
4 Identifying and controlling 1 1 1 1.00 0.00 Approval
variables
5 Formulating hypotheses 1 0 0 0.33 0.58 Disapproval*®
6 Formulating hypotheses 1 1 1 1.00 0.00 Approval
7 Formulating hypotheses 1 1 1 1.00 0.00 Approval
8 Identifying and controlling 1 1 1 1.00 0.00 Approval
variables
9 Experimenting 1 1 1 1.00 0.00 Approval
10 Experimenting 1 0 1 0.67 0.58 Approval
11 Interpreting data and making 1 1 1 1.00 0.00 Approval
conclusion
12 Identifying and controlling 1 1 1 1.00 0.00 Approval
variables
13 Defining variables operationally 1 1 1 1.00 0.00 Approval
14 Formulating hypotheses 1 1 0 0.67 0.58 Approval*
15 Experimenting 1 1 1 1.00 0.00 Approval
16 Defining variables operationally 1 1 1 1.00 0.00 Approval
17 Defining variables operationally 1 1 0 0.67 0.58 Approval
18 Experimenting 1 1 1 1.00 0.00 Approval




Table 37 (Continued)
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Integrated Science Process N=3 I0C

No. Results
Skills Test E, E, E; Mean S.D.

19 Interpreting data and making 1 1 1 1.00 0.00 Approval
conclusion

20 Interpreting data and making 1 1 1 1.00 0.00 Approval
conclusion

21 Experimenting 1 1 1 1.00 0.00 Approval

22 Interpreting data and making 1 1 1 1.00 0.00 Approval
conclusion

23 Formulating hypotheses 1 1 0 0.67 0.58 Approval*

24 Formulating hypotheses 1 1 1 1.00 0.00 Approval

25 Defining variables operationally 1 0 0 0.33 0.58 Disapproval*

26 Defining variables operationally 1 1 1 1.00 0.00 Approval

27 Interpreting data and making 0 1 1 0.67 0.58 Approval*
conclusion

28 Interpreting data and making 1 1 1 1.00 0.00 Approval
conclusion

29 Experimenting 1 1 1 1.00 0.00 Approval

30 Defining variables operationally 1 1 0 0.67 0.58 Approval*

Note: * The item was revised following the experts' suggestions before being pilot study.
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Table 38 The Results of Evaluation on Item Difficulty (p) and Item Discrimination (r) of the

ISPST
Used No Used
No. P R Interpretation p r Interpretation
No. No.
1 043 043 Can be used 1 16 0.82 0.37 Can be used -
2 050 0.33 Can be used 2 17 0.68 0.53 Can be used 14
3 032 0.23 Can be used 3 18 0.68 0.70 Can be used 15
4 038 0.27 Can be used - 19 045 0.20 Can be used -
5 0.64 0.60 Can be used 4 20 0.79 0.50 Can be used 16
6 071 0.60 Can be used 5 21 049 050 Can be used -
7 077 0.50 Can be used 6 22 049 057 Can be used 17
8 051 047 Can be used 7 23 0.41 0.17 Can not be used -
9 0.65 047 Can be used 8 24 0.27 0.10 Can not be used -
10 0.73 0.63 Can be used 9 25 0.35 0.33 Can be used 18
11 046 0.63 Can be used 10 26 0.19 0.17 Can not be used -
12 024 0.03 Can not be used - 27 0.69 0.50 Can be used -
13 048 0.37 Can be used 11 28 0.73 047 Can be used 19
14 045 0.20 Can be used 12 29 0.54 0.50 Can be used -
15 0.48 0.60 Can be used 13 30 0.57 0.70 Can be used 20

Note: The reliability (KR20) for 30 items is 0.78.

Table 39 Item Difficulty (p) and Item Discrimination (r) after deleted some items of the

ISPST
No. p r No. p r No. p r No. p r
1 043 0.53 6 0.77  0.50 11 048 0.33 16 0.79 0.53
2 050 0.37 7 0.51  0.50 12 045 0.17 17 049 0.63
3 0.32 0.23 8 0.65 0.40 13 048 0.63 18 0.35 0.33
4 0.64 0.63 9 0.73 0.63 14 068 0.53 19 073 047
5 0.71  0.50 10 046 0.67 15 068 0.73 20 0.57 0.67

Note: The reliability (KR20) of 20 items after deleted some items is 0.78.
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B.5 The Results of Evaluation of the Attitude towards Chemistry Laboratory Learning
Questionnaire (ACLLQ)

Table 40 The Result of Evaluation on |IOC of the Attitude towards Chemistry Laboratory

Learning Questionnaire

N=3 I0C
No. Consideration Items _— Results
E, E; E; Mean S.D.

The importance of laboratory in chemistry learning

1 Experiment is essential for chemistry 1 1 1 1.00 0.00 Approval
learning. (Positive)

2  Experiment is not necessary for 1 %0 ™ 0.67 0.58 Approval*
understanding of chemistry concept.
(Negative)

3 Doing experiments conducted in the 1 1 1 1.00 0.00 Approval
misconception. (Negative)

4  Doing experiments conducted in science —t 1 1.00 0.00 Approval
process skills. (Positive)

5 The progress of chemistry is the result of 1 1 0 0.67 0.00 Approval*
the experiment. (Positive)

6 Doing experiment make me think like a 1 1 1 1.00 0.00 Approval
chemist. (Positive)

7  Chemistry concepts is not relate to 1 1 1 1.00 0.00 Approval

experiment. (Negative)

The difficulty of chemistry laboratory

8 | feel that doing experiment waste the 1 1 1 1.00 0.00 Approval
time. (Negative)

9 | understand the procedure of experiment 0 1 1 0.67 0.58 Approval*
very easily. (Positive)

10 Doing experiments take a long time to 1 0 1 0.67 0.58 Approval*
prepare the materials, equipments, and

chemicals. (Positive)
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Table 40 (Continued)

N=3 I0OC
No. Consideration Items _— Results
E, E, E; Mean S.D.

The difficulty of chemistry laboratory (Continued)

11 In doing experiment, | know how to start. o 1 1 0.67 0.58 Approval*
(Positive)

12 | found that chemistry experiment is more 1 1 1 1.00 0.00 Approval
easily than my expectation. (Positive)

13 | can find the materials, equipments, and 1 1 1 1.00 0.00 Approval
chemicals for the experiment. (Positive)

14 | make high efforts to understand 17 ®Q, N 0.67 0.58 Approval*
experiment activity. (Negative)

15 | do the chemistry experiment with 1 1 1 1.00 0.00 Approval
understanding. (Positive)

16 | can explain the procedure of o 1 1 0.67 0.58 Approval*
experiments to my friends. (Positive)

17 Doing experiment is a hard work for me. 1 1 1 1.00 0.00 Approval
(Negative)

The interest of chemistry laboratory
18 | would like to have a fewer experiment 1 1 1 1.00 0.00 Approval

activities. (Negative)

19 | am willing to spend more time doing 1 1 1 1.00 0.00 Approval
chemistry experiment. (Positive)

20 1 don't like to do chemistry experiment. 1 1 1 1.00 0.00 Approval
(Negative)

21 When doing chemistry experiment, | feel 1 1 1 1.00 0.00 Approval
excited. (Positive)

22 During chemistry experiment, | am 1 1 1 1.00 0.00 Approval
sleepy. (Negative)

23 | feel that doing chemistry experiment is 1 1 1 1.00 0.00 Approval

fun. (Positive)
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Table 40 (Continued)

N=3 I0OC
No. Consideration Items _— Results
E, E, E; Mean S.D.

The interest of chemistry laboratory (Continued)

24 During chemistry experiment activity, | 1 1 1 1.00 0.00 Approval
get bored. (Negative)

25 | find the chemistry experiments very 1 1 1 1.00 0.00 Approval
interesting. (Positive)

26 | prefer to learn chemistry with the 1 1 0 067 0.58 Approval*

experiment. (Positive)

The usefulness of chemistry laboratory

27 1 understand the chemistry concepts very 1 1 1 1.00 0.00 Approval
easily by using the experiment activity.
(Positive)

28 Doing experiment activity, chemistry 1 1 0 067 0.58 Approval*
learning is not boring. (Positive)

29 | understand the events in daily life from 1 1 1 1.00 0.00 Approval
doing the experiments. (Positive)

30 In experiment activities, | have 1 1 0 067 0.58 Approval*
participated in learning. (Positive)

31 Doing experiments do not conducted 1 1 1 1.00 0.00 Approval
skills in using chemistry equipments.
(Negative)

32 Chemistry experiments make me feelthat 1 1 0 0.67 0.58 Approval*
chemistry is difficult. (Negative)

33 Experiment activities make me like to 1 1 0 0.67 0.58 Approval*
learn chemistry even more. (Positive)

34 | don’t know why we must do an 1 1 1 1.00 0.58 Approval

experiment. (Negative)

Note: *The items that have |IOC lower than 1.00 were revised following the experts'

suggestions before being used



Table 41 The Results of Evaluation on Discrimination (r) and Reliability Analysis-Scale

Alpha of the ACLLQ
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Item Corrected Item-Total Results Used No.
Correlation (rxy)
The importance of laboratory in chemistry learning
1 0.401 Can be used 1
2 0.424 Can be used 20
3 0.025 Can not be used -
4 0.587 Can be used 18
5 0.281 Can be used 6
6 0.419 Can be used 26
7 0.193 Can not be used -
The difficulty of chemistry laboratory
8 0.505 Can be used 7
9 0.532 Can be used 14
10 -0.007 Can not be used -
11 0.439 Can be used 24
12 0.460 Can be used 21
13 0.358 Can be used 12
14 0.021 Can not be used -
15 0.604 Can be used 29
16 0.519 Can be used 27
17 0.526 Can be used 13
32 0.274 Can be used 25
The interest of chemistry laboratory
18 0.442 Can be used 28
19 0.657 Can be used 9
20 0.588 Can be used 4
21 0.586 Can be used 15
22 0.473 Can be used 16
23 0.721 Can be used 19
24 0.583 Can be used 10




Table 41 (Continued)
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Item Corrected Item-Total Results Used No.
Correlation (rxy)
The interest of chemistry laboratory (Continued)
25 0.685 Can be used 23
26 0.658 Can be used 3
The usefulness of chemistry laboratory
27 0.573 Can be used 5
28 0.577 Can be used 8
29 0.533 Can be used 11
30 0.509 Can be used 2
31 0.219 Can be used 22
33 0.713 Can be used 17
34 0.315 Can be used 30

Note: 1) Cronbach’s Alpha (QL) of 34 items is 0.90.

2) After deleted the items, which are lower than .20, the Ol is 0.92.
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B.6 The Results of Evaluation of Classroom Observation Form

Table 42 The Results of Evaluation on IOC of Observation Form

N=3 10C
No. Consideration ltems — Results
E, E, E; Mean S.D.
1 Classroom orientation 1 1 1 1.00 0.00 Approval
2 Learning approach and time 1 1 1 1.00 0.00 Approval
manangement
3 Informing learning objective before 1 1 1 1.00 0.00 Approval
teaching

4  Focusing on students' prior knowledge or 1 1 1 1.00 0.00 Approval
alternative conception
5 Learning materials 1 1 1 1.00 0.00 Approval
6 Laboratory learning
6.1 Introduction (teacher's role, students' 1 1 1 1.00 0.00 Approval
role, and students' behavior)
6.2 Formulating hypotheses (teacher's L 1.00 0.00 Approval
role, students' role, students' behavior,
and example)
6.3 Identifying and controlling variables 1= gl 1.00 0.00 Approval
(teacher's role, students' role, students'
behavior, and example)
6.4 Defining variables operationally 1 1 1 1.00 0.00 Approval
(teacher's role, students' role, students'
behavior, and example)
6.5 Experimenting
6.5.1 desing process (teacher's role, 1 1 1 1.00 0.00 Approval
students' role, students' behavior, and
example)
6.5.2 select the equipment (teacher's 1 1 1 1.00 0.00 Approval
role, students' role, students' behavior,

and example)
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Table 42 (Continued)

N=3 I0OC
No. Consideration Items Results
E, E;, E; Mean S.D.

6.5.3 conduct an experiment 1 1 1 1.00 0.00 Approval
(teacher's role, students' role, and
students' behavior)
6.6 Intepreting data and making 1 1 1 1.00 0.00 Approval
conclusion (teacher's role, students'
role, students' behavior, and example

6.7 Using familiar or everyday material 1 1 1 1.00 0.00 Approval

6.8 Concluding a concept after 1 1 1 1.00 0.00 Approval
experimentation
6.9 goal of doing experiment 1 1 1 1.00 0.00 Approval
7 Using familiar/everyday name 1 1 1 1.00 0.00 Approval
8 Connection acid-base into everyday 1 1 1 1.00 0.00 Approval
live
9 Connection concept in three levels of 1 1 1 1.00 0.00 Approval

chemical representation

10 Approach used for connection three 1 1 1 1.00 0.00 Approval
levels of chemical representation

11 student-student and student-teacher 1 1 1 1.00 0.00 Approval
interaction

12 collaborative learning 1 1 1 1.00 0.00 Approval

13 Concluding knowledge students’ have 1 1 1 1.00 0.00 Approval
learned at the end of class

14 Applying the knowledge 1 1 1 1.00 0.00 Approval

15 Active or passive learning 1 1 1 1.00 0.00 Approval

16 Level of students’ enthusiasm 1 1 1 1.00 0.00 Approval
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B.7 The Results of Evaluation of Interview Protocol

Table 43 The Results of Evaluation on I0C of Interview Protocol for Teacher

N=3 I0C
No. Consideration Items Results
E, E, E; Mean S.D.

1 Personal profile 1 1 1 1.00 0.00 Approval

2 Aims of Acid-base teaching and 0 1 1 0.67 0.58 Approval
learning

3 Learning approach 1 1 1 1.00 0.00 Approval

4  Strength of your teaching approach 1 1 1 1.00 0.00 Approval

5 Weakness of your teaching approach 1 1 1 1.00 0.00 Approval

6 Satifaction towards your teaching 1 1 1 1.00 0.00 Approval
approach

7 Obstacle in teaching and learning of 1 1 1 1.00 0.00 Approval
acid-base

8 Laboratory: Frequency 1 0 1 0.67 0.58 Approval
Laboratory: aim of using experiment 1 1 1 1.00 0.00 Approval
Laboratory: process 1 1 1 1.00 0.00 Approval
Laboratory: problem 1 1 1 1.00 0.00 Approval

9 (if not) why do not have laboratory 1 1 1 1.00 0.00 Approval
learning

10  Your opinion toward laboratory 0 1 1 0.67 0.58 Approval*

Note: *The items was revised following the experts' suggestions before being used.



Table 44 The Results of Evaluation on I0C of Interview Protocol for Student
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N=3 I0C
No. Consideration Items Results
E, E;, E; Mean S.D.
1 what is purpose of acid-base learning? 1 1 1 1.00 0.00 Approval
2 how teacher teach the acid-base? 1 1 1 1.00 0.00 Approval
3 what is the stength of this instruction? 1 1 1 1.00 0.00 Approval
4 what is the weakness of this 0 1 1 0.67 0.58 Approval*
instruction?
5 what is your satisfaction for this 0 0 1 0.33 0.58 Disapproval®
instruction?
6 what is the obstacle of acid-base 1 1 1 1.00 0.00 Approval
learning?
7  Laboratory: how many and what 0 1 1 0.67 0.58 Approval*
experiment are there in acid-base
learning?
Laboratory: what is the aim of doing 0 1 1 0.67 0.58  Approval *
experiment?
Laboratory: what is the problem in 1 1 1 1.00 0.00 Approval
laboratory learning?
Laboratory: how teacher teach 1 1 1 1.00 0.00 Approval
laboratory learning?
Laboratory: what thing you have 1 1 1 1.00 0.00 Approval
learned from laboratory?
Laboratory: what is your opinion toward 1 1 1 1.00 0.00 Approval
laboratory learning?
8 (if not) why your classroom do not have 1 1 1 1.00 0.00 Approval

laboratory learning?

Note: *The items was revised following the experts' suggestions before being used.



APPENDIX C

Samples of Assessment Forms and Research Instruments (in Thai)

C.1 Research Instrument:Acid-base Conceptual Understanding Test

C.2 Research Instrument:Integrated Science Process Skills Test

C.3 Research Instrument: Attitude towards Chemistry Laboratory Learning
C.4 Research Instrument: Classroom Observation

C.5 Research Instrument: Interview Protocal for Teacher

C.6 Research Instrument: Interview Protocal for Student



C.1 Research Instrument:Acid-base Conceptual Understanding Test
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C.2 Research Instrument:Integrated Science Process Skills Test
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C.3 Research Instrument: Attitude towards Chemistry Laboratory Learning

wuuIAaaGAaNIIIERl)iANIal

A A

TO-TUEND oo, WRUN oo,
LN s [ [ TU e,
SOAT AN oo LASALRRE oo

fauas Linsouiaziansandannulutessofafiastonny uiviaiosmine v
8l uTaINIn SIS0 ROAAABINUTLAUAINAALAT ﬂmwm%”ﬁﬂmaaﬁfm,‘%'wmnﬁq@ Tagf

5 pangfs ToANNIATINEIFoAARDINUANNAALAT mmfﬁﬂmaaﬁfm’%ﬂumnﬁq@

4 wingf TennuinaIniagennsInLANNAN TR ANAFRNVDINNITIUNIN

3 pNuis ToANNIBATIRSIOAARDINUANNAALAY ANwuiEnvasiniTauhunag

2 WINeA TannuiuaTInIaFannRINLANNAN LY mmiﬁﬂmaoﬁfmﬁwﬁaﬂ

1 BUHDI ToANUBUATINIARAAARDINUAINAALAL mmfﬁﬂmaaﬁfm’%‘wﬁaﬂﬁq@

o a @
?TE]ﬂ'J'I&l TAUANNAALK W

5 4 3 2 1

—_—

ANINARDI L‘flua?dﬁ‘hLﬁua%m%'umsﬁwjmﬁ

ANIYNMINARa ﬁﬂﬁﬁu"l,@i”ﬁﬁ’miau‘lumsﬁwj

DUTOUNIZLILULAN AIUNITNARDI

b ldrauynmInasadai

o ) Y v a a U &’
AsvMInaaad TrlrawdnlanwifalulIsiat e

anumMantmaed Luwwauiannmaaay

mrnmInaaad lAmFenalunsSon

M3 LarinMInaaas vl asowad ldviile

©|l® N | ok w N

awdnlanazlfiamegiumaimmaesasaiiann 9

@ wR A < A o =
10. augamua"qﬂmmmmimaaamu

11. MM INAaaI T2 ﬂlﬁdfw,iﬂamgmimﬁl,u
Aa o %
PINUTZINIU

12. dfummsnmi'a@g qﬂﬂmi LATENILANEIRIUYNNNINARA

AR beY

13. MSYNINARDI LTWINWNINEILINFIARTL D

14. awtnladtmsdudnimasasldadisieais




223

v
AN

o a 53
ITAUAINNAALYE W

4

3

2

15.

o o= A @ A v o ~
ﬂ%zaﬂ(ﬂ%lﬁ]% Lllavl@]ﬂ']ﬂqiﬂ(ﬂaadl,ﬂu

16.

Tusznineanyinnnaaadiad ﬁujﬁﬂduuau

17.

Y o o v 3’
ﬂ’ﬁv[,(ﬂ'ﬂ’]ﬂﬂi‘ﬂ@ﬂa\‘l ﬂﬂwaumuﬁwmﬁmwu

18.

NIVNNIINARDI ﬁﬂﬁ”l,@”ﬂnﬂ”ﬂ JENITUIBNIINI

ANLNANFAT

19.

@ R = Y o A
augaﬂagﬂLua"l@m'm'ﬁmaaol,ﬂu

20.

U d? a =} 10 £ 3
s latitannlwdsed ludndudasvinnimasad

21.

ZUNUTIT NMINARDILATINENINNAG

22.

ANIYNMINARaI 'Z&iﬁﬂﬁﬁﬁ'nm‘lums‘lﬁqﬂﬂstﬁmﬁ

A X
PNNDY

23.

FUNUINNINARILAT WIawla

24.

d’uf’iw:ﬁwéfuﬁ'}msmaaaashavl‘i

25.

= o Y e weR 1 =) a dl
NINatItad ml%augam’lmmﬂmﬁ’m gnn

26.

ANIYNMINaaad melnanlainnIsAaLLL

UNANLIAENT

27.

FUWRINIINATUNLTUA aUNIIVINININAaaI LA Nawa e le

28.

awraunazlidnanssunmanasias ¢

29.

WINNINAaaIAlaLANNT LD

30.

ﬁu?ﬂfﬂw nmesadlineasls




C.4 Research Instrument: Classroom Observation

BUUAILNANISIIYWNNTHDOW

224

1589 NIA-LUF

ARAVIPITFIENR <o, VAMYIMITRING oo

(Date of Observation)

WROWADNEING . ..o
u U

(Instructor Observed)
IBINSTOWIUT NN MIFING oo

(Approximate number of students present during observation period)

1. WHWHIRBITOY

(Time of Observation)

TWIIUANTNNTRING. ..o
(Class Observed)

A 4

LIBNNIRAW. e

(Topic Observed)

JUANHANIFILNG (Descriptive field note)

JuNnIazrian
ANAG

(Reflective Notes)

2. U ‘Yl’Nﬂ’]iﬁ?ﬂﬂﬁiL%U%iLLﬂZﬂ’]‘SU%ﬁ’]‘SL’J |1

UUNNNANIIRING

TUNNNIaLanaINNAa

(UuAnnIzuIumMITanSeusiaziaa lagtszannyg

LmeamsﬁTﬂmiﬁ'mui

NITUINIILIAN
qOU
anydse
NINIIN

Yuwuuinvia




3. ﬂ’ﬁ%l,mqmﬂizam’maaﬂ’ﬁl,%ﬁulﬁﬁfnﬁﬂumm

225

UUNNHANSFING

TUNnNIaeianaNNaa

O &

LB

(k) mimsqmuq@ﬂi:mﬂ‘

O usvq

4. mildamudmAyiuanuiduniawwdefionainfousadsisou

UUNNHANIFING

TUNNNIaeianaNNaa

O &

LT

5. Fanasouinle

UUNNHNANITRILNG

JuinmIszianauaa

6. Nansandfuanimases (f1%)

6.1 ﬂﬁﬁﬁlﬁ'}@jﬁﬁ]ﬂﬁuﬂ’ﬁmaaa

TUNNHANSFILNG

TUANNIaLanaINNAA

UNLINA3
UNLINBNLIEU.

WOANTINVDIRNLIL W

(u”m?zlumfvZafﬂqﬂixmﬂ(wwmﬁ

M snaaadnsa )

6.2 NMINIRNNAFIN

UUNNNANIRILNG

Jufinmaszviaunufia

UNUINA3
UNLINTHNLIL Y.
WOANTINVBIHNLI LY

ABLIRNNATIU

6.3 miﬁmummzﬂ'squﬁ'suﬂs

UUNNNANIRING

TUNNNIaLanaINNAa

UNLINA3
UNLNTHNLIH
WOANTINVBIHNLI LY

A9 BINIINAUAAILYT




6.4 mMIymunaiuTEIUIaNT

226

UUNNNANIRING

TUNNNIaELanaINNA

UNLINA3
YNNI

WOANTINVDIBNLIL W

fmatuIteNEIlfuans

6.5 NMINAKDI
6.5.1 N1IANLUUNITNAND

UUNNNANIRILNG

Jufinmaszviaunufia

UNUINA3
UNLNTHNLIH
WOANTTUVBIHNLI LY

A28819U8IN1IDONULLNIINARD

6.52 mitmuaiag gunsal AlFlumInasas

UUNNNANIRING

UUNNNIaELanAINNAA

UNLINA3
YNNI

WOANTINVDIBNLILW

Mmatvaimitwuaiagadniol NlEluniinasas

6.5.3 NMIUJUaANIIManad (vausvinIInagay)

UUNNHNANIRILNG

Juninmaszviannufia

UNUINA3
UNLINHNLIB

WOANIINVDIBNITIUY IeYIIMINAR Y

6.6. msﬁm']wmmj”agmmzmiaﬁa@ﬂ

UUNNNANIRING

TUNNNIazanaINNAa

UNLINA3
UNLNTHNLIH
WOANTINVBIBNLI LY

A8E19 ﬂ\‘iﬂ’ﬁﬁ?ﬂ

6.7 nildaaadninisoudoino@isniiuldluiialszdiv)

UUNNHNANITFILNG

JuiinmIgziaunufia

O 8 e O'ls




227

6.8. msa;ﬂLLmﬁwé'ﬂmamﬁmwﬁhmsﬁwmaaa

UUNNHANIFING TUNNNIaeianaNNAa

wnispwdliazauninagdidios

inispuaglldmeldnsmomiavasay

OoOoo

lidnsagtuwda

6.9 WhragaaINIvinMINaaas

UUNNNANIRING TUNNNIazianaINNAa

O wedududsninSouiuay

wathldgnissinsesdannug

a =y Ao o v
7. ﬂqiLiﬂﬂﬁaﬁ'ﬁﬂ%ﬂLiﬂuquLﬂﬂ

UUNNNANIIRING TUNNNIazianaINNAa

O & O

LT

= @ Aa o
8. ﬂ’]iL“HanIEJdﬂS@]-LLIﬁ ﬂll“]j’m‘]hzﬁl’l’su

UUNNNANIIRING TUANNIaLanAINNAA

O 4 0%sid
5}
WOANTINVDIRNLIL W

9. madanlasumwianmaedilu 3 s2au fo (1) Usingmssiannisnasssmsaluiialszdig
(macroscopic level) (2) msa%myﬂswngmiﬂmzﬁuazwau%’%aINLaqa (submicroscopic level) (3) msld

é’fy, anwol (symbolic level)

UUNNHNANIRING TUNNNIaELanANNAA

O3 O'aid
LT

WOANTINVBIHNLI LY

10. WWINWNITOTUIBLWIAANIARNLTUMINTITN WM ITanlusumifanaaibu 3 3230

YUANNANIFILNG Juninmiazviaunuaa

O wuudaes (model) O
1aid
O qﬂmqﬂ‘lw (analogy)

O awadeulmn (dynamic computer simulation)




228

O sUmMw/nwiks (static visuals)

O wrnnw (diagram)

ANHIUSYITNNRION ANTINVBIUNIIL Y.

1. UffuwussewiiniSouniuinGow uasinSounung

TUNNNIFLaUANNAA

TUNNHANTFILNG
11.1 HNSUU-RNILU
O sn O vwnans O stes O'lsig
11.2 1new-a3
O sn O vhwnans O sten O'lig

12. ﬂ'ﬁlﬁﬂuj’iauﬂ”umaaﬁﬂﬁﬂu

UUANHANSFILNG

UUNNNIFLaUANNAA

O sn O vhwnans O stes O'ig

85U

13. mmgﬂuwL‘%yuﬁaaa@i‘ﬂmwjﬁvlﬁi”u WaILLNGIYH

UUNNHNANIIRILNG UUNNNIaEanaINNA
O3 Osis
R anuzuTolunIneusanNvaIRnS
O un O vwnans O dee Osis
14. myhasdanuinldlddszyndls

UUNNHNANIRING TUNNNIELHanAINNAA
O3 O'lig




15. §'ﬂwmzmn§wfmad;§ﬁw

229

UUNNHANIFING

TUNNNIaeianaNNAa

O WNISEUILANNIINAIHFO WA IR LAY

O ﬁnﬁwﬁmuiw’lumiﬁwj

16. mmmzﬁa%a%uluﬂmﬁwjmaa;jﬁﬂu

UUNNHANIFING

TUNnNIaeiauanNNaa

Osn Ovwnans Ostes Old




230

C.5 Research Instrument: Interview Protocal for Teacher

wuURNNEDiAg

ABUAINTENAHAE

o VANHIATUNYLAINUNTRNANHDIATIH A7

o Y o A

1. mqﬂszaaﬁmaamiﬁummﬁ fa Lﬁ'avl,éfﬁagaa:'ﬂauﬂaummﬁumiﬁ]"'@miﬁﬂu
NIFaULAN 1589 NIA-LUF NNAIHFD
o e 1 a ' o A
2. mysunm ik lidunala g deninnnisnu
3. iayjamaaQflﬁﬁagaLLaz?TaHaﬁ"l,@i”mmﬂmié'm’lmﬁﬁ]zlﬁuLﬂum’méﬁ.l
4. ANl lwmIFUAEDL Uzanns 20 wN

[p\ij”a%’mmzﬁwuﬂqmﬁaaﬁﬁ e]vl,ﬂl,ﬁaai”’mmm@fum 8]

[ o 4
yin Usziannisauayob

1 ﬁagaﬁ'ﬂﬂ (% Y3238msAnsI Uszaunsainszes uniken1sdisnnms Mssan
qOw)

2 ﬁ‘]‘@l@g;\‘i‘ﬂw’]UT@GT’]']SL%EI%H']?&Q%L%QG NIN-LUR

3 | WWININNIRANIISHUNIROWLIAINTA-LURT LT DY)

u

3

4 | TafAaudsuaduwInIRawn kra)

q U




231

°1TaLﬁﬂ/ﬁ;@a’aumammmiaauﬁl"ﬁaﬂ

U

=3 ' A9 o [l A v v A
ﬂ’J’]&IW\‘]Wal’ﬂ(ﬂaLL%’]ﬂ’]iﬁB%‘ﬂl“Ea% (&I’Wﬂ“ﬂq@ 11N Uwnans wae ‘H,E'JEWH;E@])

‘]_If]J_’Vﬂ/aqllﬁi'iﬂ PBINMILIUBURZNTROWLIDINTA-LUR

NIUJUIANINARRILIBI NIA-LUR

8.1 ANNYUUBYVDINIIVINNIINARD

8.2 "ﬂq@]&j\‘]ﬂ&ﬂ 89N AR IUINNINAa S

8.3 ANHMHZNITIANINIINAIINARDS

8.4 Yy uaInsvinnIneaad

(flidnsrmmasas) aungilaldinniimaass




232

10 | ANUAALARAINITNANDY

10.1 nMInaaasianusuduatingls

10.2 msmaaaﬁﬂiﬂwﬁasmvl,iﬁ“mg LLa:ﬂ’ﬁﬁﬂu;‘fmaagﬁw

[Haununivaugmidlidayalianuiniiauazidnaisit Teyavaslidayauazdayan

Ll
ldwanmssunzaiaziiuduanuay]
AWNFNATHDE. e, .o

A I IINAIEDE . e Q”é’ummﬁ............................




233

C.6 Research Instrument: Interview Protocal for Student
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The Learning Model (in Thai)



236

Qo = Y 1a A dl
E']JLLiJiJﬂ'ﬁ%ﬂﬂ’ﬁLiﬂ%Eﬂg:]ﬁ@Iﬂ’li 1329 NIA-tUd
L s >
ﬂ%ﬁ%ﬁ’l%ﬂq%ﬁﬂ’ﬁﬁ%’mi’]\‘]ﬂﬂ'ﬂ&li‘[ﬂﬂﬂizu%%ﬂ'ﬁﬂ'ﬁﬂdﬂ&l

dl o a = =
Llazﬂ’lil?ja&II-EI\‘]@I'JLWI%LL%’)@@WI’N Lﬂ&ﬂ% 33zau

1. UNW
= Aa £ a &aa A o o Aa o @ \
WwAdua I T niere i nemaasnianuinetesnusIadszdiwduatnsann
. = o ¢ A A ' A o o a A
agngbanany uluniat (Concepts) luspiruadsulngazinerdasnuuwifeniduuwass
\ A o A \ = A A \ o ead a &
namfa Bnisawldausnuasinnnlisuwilaamse liamansasanadnng nmssiniiadn
luszavaymaldlasass FsdsnaldviniSowndyanusnsiunnlunisanudila
o ed &
Vlunedn I uNsITNTL
1 d' Aa o ot [} f,’ o dll o 04
713619 9 ANl ludiagszdnin 1ou shenihanuazea L3asdans ensnunlia
Wudu aulaniannudunIa-lusuazsineITaInuUJise189NIaUaslUE AI%% NIA-LUE
] e o Ao w ' o o P23 A Adoe A v & o 2
Judwidendeny udiduirdoniluaaisieadninisouszaurwisauAnuaawlais
UrzsudymlunsiSouanniga iiasnndiemmdumiassis usziienuendanr
ALt la (Chaiyapha; Chayajarus; & Chairam. 2011:139; Demircioglu; Ayas; &
Demircio§lu. 2005: 37) ¥hlAunSaulumfafiaaaiadauias ldauisnasunaulunesd
\304n70- LR |daEnInndad (Artdej; et al. 2010: 167; Sheppard. 2006: 32) A%t 9A34]

1 a v A U % {c.i v d' % = = 2 o ¢ 7 o A
missasulfifaanudilanluriaingndeas Wednioudanudlasluiesiud dniSoues
o o & A € 1 o A A

sansnianuiiuwndszgndldlunisebuisdyingmanidne 9 uazuilymaug 1
dl v v
W2aale
& o Aa Y oo A, ' 0 & A a A o

uanNNigIlanzesdapNaInadanNNEmILTILUMTSHUINENMENIAD NN
ATEUIRNINIINGIANFATURZLAAAARDINGFNRAS NNBENTELIRNININGANRATU
Himﬂmﬂﬂuﬁﬂmﬁﬁ‘hLﬂuﬁmfuﬁﬂL’%‘Umz@”ufuu”ﬁwﬁﬂmmauﬂa’m TuameNauian
wudﬁmsw‘”@umﬁﬂwzm”uyim’m’ﬁma\iﬁﬂL’%‘wﬂ'ﬂ"l,ajﬂizauwaﬁ%wﬁﬁ]whﬁms (Chaiyen;
Bunsawansong; & Yutakom. 2007: 11; Nakthong; Anuntasethakul; & Yutakom. 2007: 383)
Feaziindymdwsunniiowlumaianudilasmfeinaimaas uazanannusuInls

A wn A [ a 6 1
My JuanmmassusznmIFuianzanuimiingmaaidaly

A e o A A A A Y o da v o ¢ | | o I~
landavaInnisawdaITINsoududnesaniaNuaunkilazfINadaNagugnd

A a @ \

MMINNIL38% (Cheung. 2009: 76; Freedman. 1997: 343) Gataandvadsinisunlnade
81UITIAN 9 ‘m\ﬁ‘nmmamfaglfl,mz@”umuﬂmwuﬁaiz@”u@‘h (Pruekpramool; et.al.
2011: 289) LAzATIHNUMTAIINLININAGADINEMEATALWI LTUAARITaD o WatniTon

. o & o4 X
agimmu"ﬁu‘ﬂqwu (George. 2000: abstract; Barmby; Kind; & Jones. 2008: 1075)



237

asnuNaliuIIgimansramsIanassuM IR WINIMANT (8N, 2549: 2)
fasauagunsduanad lanluried insenszuaunIneIngman’ uaziaadda
Aneeaad sUuuunsiamMaseuilfuannnies nsa-ws SniuiniSouszauTy

) = = v o & A o @ v A
UrsuAnmaandanede lasunmInawmdn inanamanudlaluslunadizesnsa-lua
WAWYINBNIZUIUM I INEeaaiduyssnns uazsasulidnandnddanaion

Yjuanised

2. NOHHMANNIURIAAVBIFUUULNNIDANIINTEU]

o a o % a =Y & 9 o
sdunumssamassuinlsluununsianiasouiibiamndulasiundanms
SouilJuansuszmadenlosdiunuufaniauaiily 3 s2au uuAug N BinIE

& o s A a o &
a4diAN3launIzLIUuNIINIIFIAN SelinoazBuaasii
2.1 n19.38u17) N5 (Laboratory Learning)
a a wa : = = a a & A

MU UANT .U U II2IM I oUARUALINEIAIRATENVIBU Y [N
Wuawn lumssowd juansuwinisawez ldsainadsingnisoiwsanisid foundaimas

dni a ,&’ a v A a wn v o [
wimieduass laasdodjudnismasssarpauias vildlaldnvinsenszuinnimis
a 6 Y v 6 ¥ v & o oA |av o o ud [ '
Inmnenaaiuazldfunuaidanuiiisaues nadalddy jauwusnugaulddanduszning
wniSaudInnues nuaziaen uaznuizgadniol uananididinaliinsoudinandnade
nMIlEwIngmaasandas naife inFsuiEnaunamw Mzl JiANINTINNITNAsad i
TsuniSaudanuaginiSowineemaasuniin

maspunssendfuanissansnuiveanlaidu 4 uuy (Domin. 1999: 543-

546) laln (1) nIsanlUAn1ILULASLAY (Traditional laboratory instruction) (2) NMI&aW

ﬂﬁu”"‘mmuuﬁuLm:mﬁ@%l,l,ummma (Guided-inquiry laboratory instruction) (3) N138aH

UJuansuuuiuianzsiiaia (Open-inquiry laboratory instruction) Waz (4) NIRAK

ﬂﬁummiLLuuslfﬂq%ywnﬂug’m (Problem-based laboratory instruction)
anauandsamIsaul franudazuunmunniuunldlaolddaed 3

a2 laun padnNNiNiananisliiniTouduny (Outcome) LInINIFaY (Approach) Uaz
MIFUABNITNARDS (Procedure) AILEASIUATT 1



238

A1319 1 ANVUANAVBINIREUUJUANTUARZIUY

o g
Eﬂu,uwaa AL
mysandfuiang HANINARBYRIFANNIN  uwInen1s  mIguiiumInansd
AMARII AU UAUNY qO%
WUUAILAN fua Liaanin vy Sl
=1 =3 dql o U v = =\ v
WUUAULRIZTRAATUUSUWINIS frua bia9nin gultie 3l
=1 =3 1 Y o U Qs 5 =
wWUUAURNzTRALDA la'larimualinian g1t WASUUBONLUULEY
wuulgigwndugu fmnua 1182999 Ay WNISyUBaNULLILEY

‘ﬁlm: Domin, Daniel S. (1999, April). A Review of Laboratory Instruction Styles.
Journal of Chemical Education. 76(4): p. 543.

g Isfiana lunBaziiunmsSeunssand Jua@nsuuuiuiazriiodune
a d' ) d' o 1 2 6 2 < A [ (d‘
LN LR RaLdag LﬁumsmmsmaaaLwamvl,ﬂgmimwaoﬂmwg wwda ulunaiiisas
NIA-LUR LﬁalﬁﬁfﬂL%ﬂuVL@Ta%”NmmmTﬂﬂwé’ﬂmmazﬁﬁ'ﬂmm:mumﬂumsmmmj
nMIAnMmaEaTeInawed ansudayrainsauljudnsuuuiuimznisessfiasyyle

AIGNIN 2

a7 2 syanmaidgyasnIFewlJiamuuuFulazaiaTuusuwImuazsiialde

19T MIReuUJUANIUULEDLEN:
FunzuINg e

1. fiwnwasdoaunyn . ﬂgLﬂwﬂ”ﬁwLauaﬁﬂmwﬂvtym’lu * sinisowduriauadianay
M38§1379@32988U (Blanchard. Uy lunsdianmasey
etal. 2010: 581)

2. wamimaaa/aaﬁmwjﬁ 'ﬂgtﬂu;‘i:ﬁmumazmmﬁmau . w%ﬂguazﬁfm%ﬂuleimm

Mandaliunisouduny a9nihausiniSoulinsy faauaInin

3. MIABNIFITIINTIIFL *dBmiduiiumidimeanasey * sinewdudoanuuy
ldwanagwiagile (Domin. 1999:  AFmIdTanTaraULed
543-546) n3aanadalamals
wnisouldeanuuuitnsding
A729§8ULBIN L6 (Blanchard. et.al.
2010: 581)

4. m3uana "ffﬂL'%'wl,mawaiagaﬁvlﬁmﬂmi J ﬁfnL%'ﬂuLLﬂawa“ﬁagaﬁvlﬁ

NARDILD IMNNIINAKDILAN




239

=1 U 6 o -
2.2 naEn13831909aANN3ALNTZUIRNIINFIAN (Social
Constructivism)
=) v 6 a =3 dq,
neinIaivesdanuilasnszuaumimedianvadifianan (Vygotsky) iu
a a od A Av o & o L. . @ A
NOBYNIFEUINLT N UFTNusN19FIAY (Social interaction) TWHTTIN WAz BITFIN
fanlunisaisesdanuivesuana (Bennett. 2003: 47)
f NdAyemgeimIaivesdanuilasnszuiumimedsaavad bianah
i A \ ! o o a
fia Zone of Proximal Development (ZPD) TIRAUNDTN TTULAITERINTEAUNMUINTIT IV
wniSaunyin laeuauiad (Actual developmental level) ALUSZAUNMUINITLANANLATN
(Potential development level) NunISouaINTNLYN Lo MelddduusuazanutIsmrie
(Scaffolding) v83§{lnawIagfddszaunisatuinnin (Bransford; et al, 2000: 81; citing
o A \ A Ao o ) o
Vygotsky, 1978: 86) 8ntibwitifia anuuandsznindininsoumusarldniaisould
o R ° v A A A vAa & ! \ A o &
doauasnuasninisouilaniaouilalasignivszaunsalnnniinestioimie i
~ Aa o o 6 [ o A A [ 6 A 1 A
mafufaunuinudiaunugndaniuazszaunmssinnnnhdsenaduag dlwg wians
' A o A Aa A i v A ) ) [y
Swflanuaunianuzunsafnnainraisaztisliinisousansamagin zPD e
ad s a c.i 1 1 a A a v o 6 s a v dy
NaIBIwNIIANISUNMIRa RNz TIsdIE NI U FURRINIFIAY Haad
1) na3uuiuuuiania (Collaboration ) Ala n13danadEU3lauLsinTeL
o Aa o ' o oA o P A A
undudasnianumusanannaeinuhanuieuwidymladgyginimiarnule
nunikliusguadisa lassndnlunduiionudaussiassuanidfasuanufaiuny
A | aA A oA =
sun@nlungu nydinandnlunduiinainnatsanusunin asdunandalamaldind
3 0 ol [ ' v o vl .
anumEInanismiagnianusansniesnilildasunmaiannli@dn (Jennings:
& Di. 1996: 79) aanugisaudsnsiilamalavhaunguiinen 9 Adanusum
WANWAELNE WA EWM LTI UTURLYIN B
2. MIFWNW MJaAUTNY waznslaued (Dialogue discussion and
discourse) MINAALAUNUT MIafitne %%amﬂ@i"lw"aLﬂumsm:éjulﬁﬁﬂﬁw"lﬁwu@a%mu
wnfanianuAavaiauasaaninlildsunmsiawinsznsfadugs lusznindasd
MINAAUIUNUILANI AU WnSouLAazARIzAaInenenuinnIaIanNtnlanuesn
o o A A o @ A Y= ' oA o A -
aasouniamatazyaiieazlddduinlumsunmnlasnadgasmiliinauns
(Larson. 2000: 662) 8&ndlsnany luswsounisaunun msaddne wazmslauds lulacen
a J v o { v R v 1 v v o v
azfinduldias Bduduniezdosldimanszdu wiu nazdudradinuvatag idudu
3. M3ldfn1u (Questioning) Mamgen1saivasdanuilasnszuiuns
NRINY mmnﬁ@ﬂﬁﬁ'uw”uﬁsmdw;‘TL%'uu;qijL%yuvlﬁﬁfmz@Taaﬁmﬂ%ﬁm’mmz@fu A9
doudadussdiiznaudrayrainisaddnouaznisldudaiulutuion 9assningvainis

Yo 2 A ' a A v A 1a e o 6 o A ' &
SL‘Dﬂ’m’lﬂJﬂE]L‘WE]ﬁ\‘]Lﬁi&miﬁ]ﬂﬁz@;%ﬂ’]‘i&lﬂg:]ﬁ&l‘wuﬁ‘ﬂ’ld&\‘lﬂ&l LWﬂLﬁ%ﬂ’]‘iﬂaﬂ“] DLUWSLWHINTI



240

v A v o & oo o & A9 o v A = ° A @
1%um3w"l,@aswaaﬂmmgmﬂ@lmaa muummwiﬂjmuuﬂLiﬂuﬁmmslﬂumnwmﬂ%
Lﬁ@m'mLﬁTﬁla’luLﬁammﬂﬂi'mmmLﬁalﬁﬁma‘hﬁaga AannanvastiwdanNdaude

d' U Qs ] a di v Aa a (% £ A a = (% =3
tAgavasnulanuisanatduase iumsonuinaldifianivafdsalands NiniSouazaasa

o A A o o A a A
memgmammaammmaumaLﬂumwmuﬂi:qﬂ@ﬂmmmgmaﬁmymlm $30 b
FOUMIDINAA (Zhang; et.al. 2010: 59)

ﬂ’m?'@ﬂ’]sﬁﬂumsaaumwmwﬁmia’{waaﬁmmﬂﬂﬂns:mumsmaﬁaﬂuﬁ
é’ﬂwmzé’m‘"ry (Berionni; & Baldon. 2006; Hand; Treagust; & Vance. 1997: 572; Pritchard; &
Woollard. 2010: 37; Shiland. 1999: 107) a3u/ldaadt
1. ﬁfﬂﬁﬂmﬂugﬁmuﬁm:ﬁa%aﬁ”u nanfa ﬁfﬂﬁwﬁmuimlumsﬁwj
Vl,&il“ﬁ%’Uﬂ’]’]&liﬁ]’]ﬂﬂgLﬁmBJ’]EIL&EI’J muﬂgv‘imﬁ'}ﬁlﬂugﬂaslémmazmﬂﬁaﬂaU%Lmz
WWINN
~ o &R K v a a A A e o ' A
2. imsdihisanuiauuazuwiAanaaiaiafeuseIinion Taunannay
v‘hmiaauﬂgmsﬁﬂm‘”@ﬁamsmﬁ'aﬁmaLm:ﬁommj@maaﬁfﬂL%'sm
3. lumaSeugdainnsdu Jfunutnssiaunssznisinioudinnuies
szmnﬁfmﬁ'yuﬁ‘mg LLazizM’mﬁfﬂL’%‘yuﬁ‘ui‘a@;qﬂﬂmf lagldnadia msﬁ'wjuuui’mﬁa
VY o 4 v Y A a v v ‘&, g
3’;wﬁomﬂﬂmmﬁmﬁam:@;uﬂl%m@mm“@qﬂauﬂm n13anUTIY BIaNI LA LLE I LT
=
LS
4. ﬁfm’%‘ﬂmﬂugﬁﬁm%aagﬂadﬁmmj’ﬁaU@maaﬁnﬂmmj@uwmﬂﬁ'u
1 wni £ = Aa v o 6 L5 & 2 Y o d'l %
anuilniuazanuiildnnmsddfaunusnedien Ginjaranszdulasmislddniuiely
Qs v { Q/A Qs Qs 09: v v o 1
um‘%'mu"lmwﬂmqml,anLﬂﬁyuﬂ’g’mgmnmm:nu ﬁ]’muuns:qu&[ﬂuﬂL‘%'ﬂul,ma:ﬂuagﬂaaﬁ
mmjﬁ@lmaﬂﬁ%’u
a U o U { U v J
5. uﬂL’%'yuvl@ﬁiaﬂwamaaﬁmﬁugﬁ'mmaa"lmmwwumﬂszqneﬂﬂumi
A & A o e
afunadngmanians g wiansuidywluaorunsoian 9
6. N1390UTRUNIDILURBIS AT MU LT DI LT laIny
& o = A o o o = A Aa o @
dszaumsainaniadsaudannisawlanuiiuase 9 ludiadszdnin

2.3 AIUNWUKIAANIILAL bb 3 32U (Three Levels of Chemical

Representation)
= a & a s’nid ni s £ 1 LR~
LI URUI TR IV BIINNENEAITNANBILALINUENT TaUA FNLAUAIRITUAS
A % A ' = o a
mnﬂamuuﬂmmaomﬂ@alLawwﬂmz@uakl,mﬂsmvl,ummmuaamuvl,@ lunnsasuny
Usngmsoimaadvniafinazefunslu 3 szau ldud (1) szauunnie (Macroscopic level)
Wunsefursdnngnmsol dudiadsziniuniaannmamasas) Newnsnasna laeas
Uszsamauians 5 15u maiiaaznaw Muudsui iudu (2) szauaynna (Sub-microscopic

Level) iunsafinsdnngnisalluszavayna ldun 8iinaseu azaay luana uazloaau



241

WaaBUNaFINFINa L6 luIzaUunnIa uae (3) zAURman®ol (Symbolic Level) Lwn3
afunsUnngmaniluszaueuma(uazmiaszabanna) wiaanuaunuslagnliszuy
gyanwol 1gu gasad gaslasaimaed sunsiedl gasadiarmaas aunang

A [ ° A . . v A ' o v o
adiaeaa’ uuudiaes mwiadanlng (Animation) 3 1udn aninandeduarassyla
11 AUNBUWIAANLA (Chemical representation) Wiivaantdu 3 v2al asnwlsznay 1
aanwmsiTanlsddunuiwIfanaadle 3 szau Wuiuwinmslunsnazaaasuldinisou

@ o & e A Y ) o A vaa X o & @ A Y
whlauluestuazdngmanifiioadasnuanuimaad ldasdn amu nsdanaitou;

~ ~ o R & a & Y AAdaA o o ° v A
wdasfimidilsissrumdvatasdanuinmaaiinfionadudon lasnsvildintou

AN WLWIAANIIA T 3 T2aU uaz laRunITTanlagTening 3 sxau

JEALNANA

(Macroscopic level)

FTAUNTYAN B0 FZAUAAA
(Symbolic level) (Sub-microscopic level)
nsgnay 1 dunuumdaniaaile 3 seau
ﬁm : Treagust, David; Chittleborough, Gail; & Mamiala, Thapelo. (2003).
The Role of Submicroscopic and Symbolic Representations in Chemical Explanations.

International Journal of Science Education. 25(11): p. 1354.

A o a = v Ao X
uwnslumaganlasarunuumfanaadly 3 20U A0t
- NMIUJUANINGa8I (Laboratory) Aan13adlayinnIsnaaadaisauad N3
dl L s k% = a wn k% o Y 6 = U
minisonlassadlfuiminasasdrsauasrildladudngmsoinseiuaz lagsinanis
A Aa X a [
wisuudasniiadwassluszauunae
- milginaiiaguanadlue (Analogy) insndasnunalIsuifisuien

1Y

v A A Y ' o ¢ a & . v A Ao A
umsﬂu"l,uganma"l,uqumm i W Iunan19INeaaas (Science Concepts) NUFINTNLTEU
Jinwladuwasfinuiinlaluiiadsziniu lasidlladszasduasmisldinafingUangddon

4 v a o o { ' o X e . 4 a
e 1) lWdiRaanudhlasluviainnezinadadu (Clarifying) uaz 2) iaafinsanuiduing

unanwinyiludadususis (Why-answering) (Thagard; Cohen; & Holyoak. nd.: 819)



242

fatnsasmIbiinafiad 1w mMyasuisuluraiisasnsinamnainuson
lasSoufsununsnavesih nmseduislassansvasezaanlastSounulaseaineed
J2UU§3uz (Thagard; Cohen; & Holyoak. nd. 819) ifludu lasmisldinafingtingdluslu
a 1 o v v { a g s 1 a QI {
Ariefizmombiintowdlaenmsiiifeduluszavagmausz taolunmsaBunsm
a J 04 v Y
Waduluszauunaialame
- mslgiaTasdiananalulad (Technological Tools) laun ldsunsudnaad
lassairalaana (Molecular modeling software) Mwiafanlna (Animations) uaz3aviau
. . a & ' v o v & ed a £ % A
(Video clips) Runaiaztialiiniiouldidumenaninifieduluszdueyunia wananiiae
vwrfiaanarhldinSeuldiiuanudanloniiszaeymanazszauana
lunsianiaisousiad arssuandsngmastluszauunnie adu
Unngmsoinsnisausansanuinlaludiadszdriunen usrdoslinniFowlain
o‘n:i a :&/ [ A o Aa %% & v A v & a A
waminifiiaduluszataumaniadudedinsluszaveumea nnnuldinouldidugm
@ & o v o o & = v A v & A v o ¢
Idununngmanidsszausuansol HutanmsliinEowlarunaseulosnnusunns

YAIAINWULWIAANIILAN LY 3 T2AU

3. Qméwmwaagﬂuuumsﬁﬂm‘sﬁﬂuf
o a v 1 a A ~ 1 A o v o
sUuuuMIIaMITouiUfUAN1589 nea-ws dassnansiNawminiuw
% qq: s =4 £ [ 3 dq’

seauTwutuNAnEIaantaeln 3 dunan agi

1. WNasRsN NS suidanut lalualuneiiisa s nIa-iuangneas

2. Lﬁ'adaLa’%ulﬁﬁnﬁ'mﬁﬁnmm:mumsmﬁ*nmmam{m”uyimwms loun ny
AIENNATIH MIMPUALAZAILANALLT MITuuaReu LAY MIneass ez N3

LLﬂamwv.mﬂﬁagauamgﬂwa

AdA

3. hasussulinissudiaaednddaninioud juanisad
I@Ugﬂu,uumiﬁ'@mil,%'ﬂujﬁﬁLmeamiﬁ'@ﬁaﬂﬁmﬁ"ﬁ’sydam’%wqmjamwiuu@i

RZAUAILRAI LAY 3

"n1979 3 ﬂ’ﬂ&lgllwq’%ﬁ%‘:%’hdﬁlﬂljdﬂ&n K] aagﬂ LLiJiJﬂ’]S"ﬂq’@]ﬂ’lﬁL%U%fLLazLL%’JY]’Nﬂ’]‘iﬁT@

fanysuvasgy LLuuﬂﬂiﬁT@miFsﬂuf

Q@&jx‘l"ﬁlﬂﬂ LWINWNIIIANINTIV

anaalanlunash - éﬁinmwujﬁ,@uLLa:ﬂi:aumsnILﬁmao;jﬁw
4 > U A v v &/
- L%aﬂmmmﬂmmmmgmuLLazaiwaaﬁmmgmammawu

a 2 ) A
I@UN@ELLQ&LW@%G] AYDIYULARD




243

M1519 3 (69)

Q@&jx‘l"ﬁlﬂﬂ LWINWNIIIANINTIV

o o & A A en o A o &
anulanluneii(de) - ssfladfudimmasasdisantas el laUszaumsniasouas
laAuaIase
- thasdanuinldlulslumaudlanddyniuazading
6 1 Aa o Rt
wanInkeng g ludiadszdin
d' % a A L d' v v [ 6
- wanlgsarununwfamaaile 3 szauwalwianlaulunast

T § A &
NN UNINDINTINYIVY

ANHNITUIUMT - sl JudnIneassaundinaudinaniad
NMIINEIERaT - An¥insenaztaunIneineemaasiuy sy laun
AsFNNAg I MnuaLazaIuaNAULT Mnualtonudsljiane

AANLLUNNINAREY INNINARY LLﬂaﬂ’J’lﬂJﬂﬂJ’lﬁlLLﬂtﬂ?ﬂNﬂﬂ’ﬁ

NARDY
waadnddemaion - aslladfudmmesasdisanias vnldiiaanuaunauiu duedu
juanisied - wanidpuanufaiunuienuszay lasnsvhawdungudasy

Mlnussemelunasowlaiiasoe
A A Aa v o Aa o o o v A Y ] P
- el e RIS u W AU N2 81 % lidniSouininadidu

a dl ¥ = o s
']’ﬁ?ﬂlﬂa@]’)LLﬂmJﬂ'T]@Jﬁ']ﬂfy

4, ﬂszm%mﬂ%ﬂumsaaumaagﬂLmnmiﬁ'ﬂmiﬁﬂuf
NIEUIUMIIAMITEUMIR NI FlLULMIIaM Bt Usenause 6 AUNDL
aaugaIlunwilsznay 2 wazduazidaaaith
JuN 1: TWNIWI (Introduction)
ﬂumummfuazmmLﬁﬂamaamiﬁﬂuﬂ%ﬁau NUNIBLIAANIILATNT T 1
' = =< v A o oA A a o A L& o
AONTHIUH mmmau‘twaaumwmmgmaammw WDalamalnniSuuldasdinns
=i P o ° > & a
WAAURINENLITDUBENIZS LLazm"l,anfsmqﬂi:mﬂmaomimﬂu
TN 2: TUFEITIIANNFLAN (Elicitation)
o U 6 a o = v a
fTInNziazlszaumMIliiuueInTow Tagidalanalwinisouaay
° A doe o vy o & & & A & o A A A o o A A
mmuaa‘nummuamﬂazgﬂvlwwulmuﬂ 1 uazt Izl @uaNnNa% g NNITINUITINIY

Sou wialtinaiariue-gsna-asuny w11 mlumsﬁdmmj@m 29%NLILH



PUN 1: VUNININ

'

PUN 2: m”uz%'mﬁ]mmilﬁm

244

614 MABALLAL

FNNATIN CRMEGERTI

PUN 3: AUNAFAI

MAUAHLY

U uenne

aNBUULLR

ANITINGRDI

wUaninunag

ﬁagauazagﬁwa

v v = Aa o Qs
NN\ L%uﬂ'ﬁl“ﬁﬁ'ﬁm ulummﬂizﬁnau

A 4

Uhna

o

AN T auNIA

YUN 4: Bwbaulod (MIuNwuwIAals 3 32aL)

PYuUN 5: m”ua%daaﬁmwj

= a v e 6 a
ﬂ??Nﬂ{]ﬁNW%ﬁ'ﬂ?ﬂ /IAN

WUN 6: m”uﬂizqﬂmﬂ%aaﬁmmj

amilsznay 2 gluuumssemaieniljidanisises nsa-a

&4, & : "
WUN 3: VUNA[DI (Experimentation)

wnissud Judnmaasadungudas(WuuaszaNuaNnTn)

4-5 au LNaANE

ed a X o v a e A A & A
ﬂi’]ﬂﬂﬂ’]ﬁmﬁ’]Lﬂ@T%I%SZ@]UN%ﬂ']ﬂ Lu%ﬂ’]iﬂgﬂ@lﬂ’]iLLUUﬁULﬁ?Z"D’%@]"D’LL%zLL%’)ﬂ’NVﬁaLL‘LI‘LI

A A va A <z A o Y &
aULa’]zT%@Lﬂ@ I@fJLﬂ(ﬂiaﬂqalﬁuﬂLiﬂu@]ﬂﬂqﬂquﬂaqwqjﬂaqiﬁﬂmifﬁ]ﬁauvlﬁ"ﬂ’]ﬂaql]ﬂim‘ﬂ

VL@T%’uﬁaszqﬁwmwﬁammzﬁwnamwaauﬁ"lﬁimﬁ'uéfﬂﬂum”uﬁ 1 FILRSUNITITN N U

yinalastinauiinmiaisuudgiuzesdiony dmuauazaiuguaiuls fnuaiionu

VU JUANT 28NUUUNINARBILATMITIUANKA LazaTUNaNITNARBINaMIAnaLYaY

Rty LLa:ﬁ,’nauaLﬁaLLaﬂLﬂﬁﬂuﬂfa’mjﬁ"l,@i”ﬁrmﬂﬁmaaa ﬂgﬁmﬁ’]ﬁ,ﬂugﬂaﬂéwm PR

RZAINUAZADHTUSLHINIG ’c%’]%ﬁ"ﬂﬂii&lﬂ'ﬁ“ﬂ@lﬂE]G"ﬂ&ﬁ%ﬂ']il“ﬁﬁ’ﬁl,ﬂﬁi%%’?@ﬂi:ﬁ]g’]']v% LS

WUEILESNNINUJTUNUTNIFINY



245

uf 4: Twdonlssdaunwumdamaiail (Connection)
LﬂﬂiamalﬁﬁfﬂL‘%’Umwiazmjuaaamﬂﬁ'ua%”wﬁwaﬁmwaoﬂmngmsﬁﬁé’amm
ldanmarhnanaaai(luszduunnea) dofafusluszauauna IS LRI
‘vﬁa§amiﬁ'dﬁl,ﬁ@%ﬂmm”uagnmaaﬂmluizﬁuﬁmﬁﬂmﬁ aznaslianudinnia aas
Fune uaztliiduisanudenlgsuasmuniumAeisussay nafiafisansnin
Homasiniion ldun miluuudiaes (Model) inafinglaingylus(Analogies)

MwWLaRaw W (Animations) waz3@nat (Video Clips) tiudn lagiiunsdufsunnsnig

qIAN
YUN 5: m”ua%”mam‘ﬂ's'mj (Conceptualization)
e A d' q/d' e ‘ﬂ' 1 [~ o
iniFsuyaguuanidfsuanuildsuny wwanlungu aunsaulziaudiony

A =1 a Qq: = = 1 6 Wd‘ s v
w3advzanlunivanlsne mﬂuuummmma:ﬂua;ﬂaaﬂmwnglmumU@%L@di@ﬂﬂﬁi
HEUHENHIEWINIANNZIEN mmj‘lm LLazﬂ’nujmﬂﬂﬁvl@TLmﬂLﬂﬁwiaﬁmﬁummﬁaulu
nga ﬂgﬁmﬁwﬁnsz@u SN Lmzﬁwﬁuﬁiﬁ’aaﬂuamjuaﬂma

TUA 6: Tuszendlgaadaiug (Application)

% = o 6 svai £ v Aa 6 1 ni a &/ a

uﬂLsﬂumammmgmmaﬂ@agﬂmlﬁaﬁmyﬂs’mgmimmo 9 AAadwaslu
Aa o o A v & A & o & Ao Aa a A
Fatvzdanunaliiruwanudanlasnazdszlomivasnl unainisainudiaase wialdlu

o e P A oA o & o v o X
widgwilandlywinaai LLa:naLﬂumﬂ‘ﬁgLmuvl,@mnaa‘uadﬂm’mgmmaﬂ@m’mmu

a Y
ANIDUNRWINILY

5. uﬂmﬂﬂguawnmﬂﬁnL%ﬂum&l;sﬂLmumsﬁ'ﬂmﬂ%ﬂui
U‘nmwnaaﬂgua:ﬁfﬂL’%'ﬂuluu,@iaw”umaumugﬂLLuumiﬁ‘i’@miﬁ'wjﬁ sunnayy

laasuaadluary 4

@139 4 uwmmguazﬁfﬂL%'yumugﬂLLuumﬁ@msﬁﬂuj

PUAa% UNuInag3 UNUINBNLIEIU

& PO ) A o A o gd Y . A
AUWLNTUIN - TIUARawNLIE WA N e - lwausudalunimunin
dl a nl a yn:i v A aq/’ 1
aaNaLAAa% LazasunuLNNLaLlwA1T mmgn"[@mmuvlﬂlumaﬂau
oA v A & ') ' A A A
meummgﬂvl,@Liﬂuvl,ﬂluﬂ‘iaﬂau - wanusqudalumsaddnensa
- nazdudsfnuuazafUNsIGEY  aaudmansIAUANUFNwEIUN
» d. L . . &y
lunﬂsﬂuwauﬂawugwugwuﬂaﬁLﬂuma ﬁmﬂu@]amﬂwuj’tumou
a & X A ' o
masouiluaiad - dsmnluniinue
- AANAINIIN FOIUNITOE ABETILAS i‘mqﬂszaaﬁmaamm’%‘w’tm%’aﬁ
ﬁmaumgjmiﬁmum”@]qﬂizmﬁmao

a & X
M SuuluaTad




M99 4 (9)

246

A% UNUNAg UNUINBNLTEIH
4§19 - oy w3e wuunesay w3a M3 - Manuindalunseeudiany
ANNILAN smBamudnunaiariug fina %%aﬁwmmw%amﬁlﬁmqwaﬁa
aBu1e lunsdimsanuiuas deduradsznay uuﬁugmmaa
UszgumsalianaasnnSan mmjl,l,a:ﬂi:auﬂﬁtﬁl,ﬁuﬁﬁag;
T R R A La LT X
wniSouielWAna W Re

TUNAnD - nuguatinisouutsdungudas - Unisawihnwdungy Tismie

LULARZANNURINITD ﬂﬁjuazﬂizmm
4-5 A

v U =\ U o dl
- m:@gu‘luumswmwmmm
RININFITIVNTIIRU LA (U IUH)
- ﬂayﬂi:@:fulﬁﬁfﬂf%uﬁﬂmua:ﬁﬁ
ﬂ'n;uLﬁwlm"'mqﬂizaaﬁmaomimaao
NawrinNIINaned
= ﬂasm:éju a%UNY LASTUUSLUINNG
Tunsassun@gin MABALRZAILAW
dautls MunaitenudalJuanis wae
2ANULUNINORNDY NAUGILIUANT
NARDI
- lummzﬁﬁfm’%'ﬂuﬁ'm'ﬁmaaaﬂgﬂaﬂ
TUULLWIN ADLAIWILAMNRZAIN

v v = = a w % 6

LLazﬂaﬂﬂi:@;ulﬁummuuﬂgauwuﬁ
JTRININH

v g L= r=|
- mz@luua:mmzmeammmmuh
m”ua;ﬂLLa:aﬁﬂiwwami‘maaa
- AT Tl e TR WAL AURAT
NWNLILWADNUNTNLRUANNTAD N
ms@i’]Lﬁumiﬂ@aawuﬁamiagﬂwa

n1INaaad

l& = = Q ~ a
TINWLALAY TUNIANUAALAUYDI
o
WD
U
L ﬁfﬂl,%'zml,l,@iazmg:uﬁa NI
ADNUNFNINFITIINTIIRAU L6
(UL )

o v A o o &
- mmwm’lammnmmqﬂimm
PAININARDINARYINNIINARDI
- TIWNUAAAIFNNATIN TINRUALAE
muqmﬁuﬂi MRUABLINLTI
UYHUGANII wazaankuLNINAaa
IWlanugaanaadn
- Twanuanlarmeyinniimeasas

a v v
wazUJUANINARBINILAIY
23229
- ﬁaﬁﬁ'ua‘gﬂwam‘smaaa
- FIUARNANNFZANAUT I WNTIN
s {d‘ v s

mimaamama@qﬂmmﬁlwm
NMINANDI
- WLAUBDNIIDONBUULAZNANT
NANDI
- LL@iazﬂ@:uﬂs:Lﬁu@maaﬁmﬂ”ﬂm
N3LUIUNIITNINGNANFATU

H?ﬂﬂﬂ??




M99 4 (9)

247

PYUADY

fU‘Y]'iJ'W]ﬂE

UNUINBNLIEN

&< A
AuiBanle

AILNULLIING

o I3 ) d' U a
- dawalsziaudnnnunazlwinisan
vnagaulgsaaunuiwfal 3
AU
- ilalansldsiniSouaadzing
0TI FINRILNALAWIUNNT
naaad ANwwiLawasiasuele
szé'uag,mﬂ

e A dl [ L =
- AANANIINLNATI VWD W IUNT
a%wﬁ’]a%mﬂmm"‘uagmmaaﬁaﬁ
RUNA IAINNNIINAFDI LT% HLR U
A ad o e A A
Ra3ana RamwLafawlrd
qﬂmqﬂ‘lw PIDLNWNIN
- ilalanglisniSouaasrasnIFIn
a &I =3 v
mmulmmuakl,mﬂmyaumsmﬁ
#IaNIN
3 ﬂaUﬂszé;”ulﬁﬁﬂﬂiauﬂuﬂwu@qsJLLaz

dl a 3 & Qs %

LANLL AE AN AALAUTINWURZ bbb
mjuﬂ'am aagliauTiuvae aay
FUBSUWINIITZAIYIN NI TN o9
aunwiwaale 339Ny

Wau L EIMIUN LA L 3 T2A

- Lwia:mjumﬂﬁuaﬁ”ﬁaﬁwa%msﬂu
iz@”uagmmaaﬁaﬁé’ammﬁumn
mimaaamuﬂiuﬁuﬁﬂmwﬁﬂg
AU AULDIN DY
- dgwsnlunanysy sauanlng
AAUAIDNN LRAIANNAALAL

ci a ~
LANLUAIUAINNAALRA
- LL@ia$ﬂEﬂ;&J°ﬁ’JUﬁuL“ﬁU%ﬁ&lﬂﬂi%%ﬂ

o A A A Aa &

83903 LNaFaRIIRINLAAT W11
iz@vllé]kmﬂﬂ
- MmN LI LN WULWIAANII

@il 3 vzaulagiunnadlwlioenw

PYUFINI

aaﬁhawuj

- Suasziauwnsaladana m:@ju
v o a A

IViuﬂLiﬂuaﬂﬂiﬁﬂwuﬂﬂﬂuamﬂaﬂ%
AMNAALRBLAZANUTN 9T IAKLA
o A '
nmwaufluﬂqu

U Y s 1 6
- m:@;u‘t%umsummamu@ﬂa\‘m
mmgmmaﬂmu Tasaasdime
LWINLRZADLATIVFALLALLL L2

6 Wd‘ e = 1 Y v &,
ammmg*nuﬂ Liﬂ%LL@]ﬂzﬂuvL@ﬁTN?J%

A ' =
- ummwlummﬂmmmmﬂaﬂu
ANMNAALARLAZANNT LN UL
' = A o A
luﬂqumwﬂs:mumammwmg
MHRBA
e A ' o
- WniSpuudazanaIla NNz NauLe9
lasudoaniad I@ﬂé'al,mwzﬁﬁaga
MNANUTAY mmj’l,mi LAY
oAV o =
ﬂ’nunglmnnmiwu@qmmmﬂaﬂu

rTmﬁ'auLLa:ﬂg




248

M99 4 (9)

PYUADY UNUNAg UNUINBNLIEN
qq: % o 6 A =3 (% ] A a
Tuizyndld - WiaueanunIol wiatizian - Twanusndalunivaflsne eau
6 U o d' ni Y o Aa o [ [ o < ] d' d' U
GRRL Pty AMonuiietesnudiadsdin Ih dan ludszidudns g Minedas
v A oo o eaN v o o Aa o @ A 4
uﬂLiyuvl,@umiuwﬂuwvlmmugm NUFIAUI231I% wIam I lang

A d‘ nl dl v A v +~ =) o %
afune uazBanlpsdinlaisowdiny  dammaeilasnmsiuuuilnga
Aa o @ A A o o o edN v o
Faavedn mﬂmmaaﬂuu‘[uwﬂuﬂmmg
- YAURNIBLUURNAA LWaRANITLA
landdgmmaad I@uﬂizqﬂ@ﬂfmiu
04 €d‘ v A %
wﬂuwvl,msﬂug
- AIATIAROUUUIAIABUNIBUW?

NNINITATUNLVBIBNLIL® DIRINDIN
LLmﬁ@]ﬁﬂm@mﬁauag ﬂgmﬂﬁ
ﬁagaa:ﬁauné’uLLa:%LLu:ﬁfm’%mu

dl v A v dl v
LWEJI%Lﬂ@]ﬂ’J’]SJL‘]J’]SL’iMQﬂG]aG

Uﬂmmaqﬂglumﬂﬁuﬁéﬁmummazmﬂ Lﬁalﬁﬁfﬂﬁ'ﬂummmﬁummwufﬁ’sﬂ
Awad TanwI=eIi

1. iwgnazguliinisouda Tasiwuadgmuda WiniSownsunn wia nazguli
ﬁﬂﬁﬂ%ﬁ’]%%@lﬂvfyw]LLaz’J’]GLLNuﬂ’]iWIﬁ’]G]aULaG

2. flugldmaaiauss laonslwaeda nanazw melwmsslawatiang@inssums
SuaIRaLh0

3. ilugldayadeuna lasnsuandad Tounwiaduniniiou

4. Lﬂ%EJTLLuZﬁ’]LLﬂZﬁ’]ﬂ”U wnzbieltiAnnnuda ﬁ’]ﬁumuqmﬁaﬁlﬁaaﬂuaﬂ@;
UONNI

5. \wfaasdoy SALTIMALRLRIIARN FAFANIEIWLATNIS DN

6. l,l,mmamsﬂiuﬁuwagﬂl,mnmsﬁ'mmsﬁﬂui
msﬂixl,ﬁuwaﬂ’m%'mwadgﬂLLUUﬂ’]iﬁT@ﬂ’m’%muiﬁ ALBUNTU T A UNATZRIN

a o X

158% A9%
6.1 WANTNLIIAIADUVAIWNLILWIZRINITEU K3 ﬂmimw'mn'm:ﬁﬂuagﬂaaﬁ

mmj@nmﬂmsv‘i‘msﬂi:l,ﬁuﬁszqvﬁ LLﬁTﬂﬁﬂTagaﬁauﬂé’mmﬁfﬂﬁ'yuﬁuﬁ mﬂgﬂﬁaaﬁuﬁa



249

AYINARNTULTY vnﬂﬂ'aleiauyifﬁﬁaﬂ”@"L&igﬂ@Tadmiafmw%alﬁﬁﬂLLu:ﬁm%lﬁm?ﬁLLu:
Lﬁ'alﬁﬁfﬂL%'wﬁ']vl,ﬂﬂ%'uﬂgaLLﬁLmlﬁgﬂﬁao@ia"lﬂ
6.2 liimydariduunuazaunan (Portfolio) azRanyaniNal szl
mmﬁﬁ’mﬁﬂumiﬁyuﬁ@ﬂLa.l’%'amLﬁﬂumiﬁ'mﬂﬁ]qﬁuﬁmﬁhﬁauv\ﬁﬂ LLa:ﬁm{Lﬁﬁaga
azﬁauﬂé'uLﬁ@lﬁLﬁ@ﬂﬂiﬂ%’Uﬂ‘goLLa:w‘"@uuﬂu@Tﬂumiﬁuuj NNBENTZUIBAITNG
INLERAT wazm I uTINAULaY
7. Wan ”ﬂL’%fﬂua:vlﬁ’%'nmnmit’%ﬂumugﬂLmnn'l‘sa‘i'ﬂn'l‘n’%ﬂui
A ' oo = o = v a en A
waﬂﬂ’maw:"lmmrmﬂ’ﬁmmmugﬂLLUUﬂ’]iﬁ]@ﬂ'ﬁqugﬂgmms 1589 NIA-LUR
Jaahh
7.1 HANHNAT
1) inisoudanutnlalunlunat S nia-twus
2) WNITEUNNNHENIZLIUMINMITNIN AR TTUY TUINT
e A P adda a A o ~
3) unispndianadnadanaiondjuanised
7.2 HANN9DBY
1) BneuzInmavhnwdunga
Q v a ~ &/
2) BNLSHUNALRAIANNAALABIINT

3) BniSpudanunszdesesulumaSouunisdn

8. Az lwmaigluvumssanaisewilly
msa"’mnﬁﬁ'ﬂuﬂ’]maumwgﬂLLUUﬂ'memsﬁ'ﬂujﬂﬁﬁamiﬁaaﬂm-ma i
ﬁ’mu:ﬁﬂumﬂfﬁgﬂLmumsﬁ'@ﬂ’m%'mjlm:ﬂ'mm%'yummw%’amaa;&’aau aa6a Ll
=< o = v a en A Y ' o a
8.1 ﬂﬂ‘mgﬂLLUumifﬂ@1mmmugﬂgwmsmaﬂm-mal%Lmﬂﬁ]naum CEEGRREY
A a A A & o = oo v A on
L°zja1u‘nm:}§]LLa:LLmﬂ@mﬁuwugmmaagﬂLmumiﬁmﬂm,mugau"l,mm mMIxaulJuanis
WUURULEN TR TUBEUIN (Guided inquiry) wazzitaida (Open-ended inquiry) NoEN13
a%ﬁoaoﬁmmﬁﬂUﬂs:mumsmaé’aﬂu LRI TN L IIUNULWIAANIILAL I 3 T2aLIN
ATTIINA WAL AN U EINILARIIAINIA-LUE NNBLNIZTLIUNITNINLANRATUW
anid 1 = A wn =
YIS Uazlanadnademaiuwljianiaaed
8.2 ﬁﬂmm”umaumaagﬂuuumﬁm’%’wj NURLLALALARLT Y LRTUNLINUDI
ﬂgg”aaulmwia:m”mﬁaﬁﬂﬂ;jmimiﬁgNa@nmﬂmmﬂ

8.3 Anw LqunﬁﬁT@nﬁﬁ'ﬂuqﬂﬁLiﬂaaaham' AUV T OUWRAWINLNWIADINNT mjl,%'sm

Taazlsthe vinazlsthe uazidszidunaatngly



250

=2 A A a o o ' ' <& ' o e o
8.4 AnvRINAadasuNlAnITaNAa NI TRAWILLARZATI LT aa@;qﬂmmmaﬂﬂu
nInaaad tanaslznaumysamasoud udu
8.5 msﬁ'sufmmmmﬁmiﬁwaaﬁmmj’[@mm:mumimaé’mmzﬁaaﬁms
° v A A ' a o a [ & A
fmannuiiauvediTouiawTowane I(ﬂﬂiugﬂLLUUﬂﬁﬁmmiLmuguaglwu‘n 2
8.6 miﬁ]‘"@mju;jlffsﬂumiﬁ]”@l,l,uma:a’lmsn (@3l FRzLunAawSIN K38 WANT
SuwLaag) NguaT 4-5 Au LN FILEINANIANNTN ZPD "lﬂgjizéfuw”@umrmﬁuﬁ'ﬂmmw
[ [ ° o ° Y o o ' =
8.7 msamm%‘mma@!qﬂmtrﬁmmumsmmsmaaﬂ%wmﬁmmmwmnqu HI9z
I £ U U % a (% 6 Ai £ 1 A
815 REALIAN LLazﬂszguﬂaﬂwaulﬁllﬁﬂuunLmuvlm mﬂaqﬂmmmiaoLLmVLaJL‘wmwa
oo A A o o = oA o A o
mmmlma@;aum’]mmlwmmﬂ@ LB TnLnas kilNgIna lcﬁaa@;ﬂs:l,nwwawamﬂﬂu
IR Lo I%S'a@lﬂizmwLLﬁ”aﬁ'umia:mzmmvl,@T L1
8.8 luannimasassinnslazaedlugialszanin waziinlvninSowlainld
rinszuyIsnnslummasasiamfaeuvesdiounasnizilumaiowudazais uazd
NMIaAUTUTINAWNUBNILSUUDINANIINARINA1IIZAAALAR A be
8.9 msﬁﬂm/m?ﬂm‘hmwﬁﬁaﬂﬁﬁamwjﬂﬁﬁfﬂL’%'Uu"l,@”ﬂﬂmﬂ%ﬁ‘ﬂm
mzmuﬂ’ﬁmﬁnmmamﬁ‘uysmmsﬁausl"ﬁaam%a
= = ) ni U £Z 1 a v = =1 Aa o o 6
8.10 aasdnmasuudnafidaslilunsnszduasaiuliintoudl jaunus iy
el < AN .+ & A & A A & A o & o
@@u‘[@mmm 3 Ut belA TN 3 NAaad YN 4 1TaNlod uazIwn 5 a3909dnN]
8.11 LRANUAZAALASINRONIIS NG 09 LT LT T N LI AIUNBUWIAANIILAT LT
d'l Aa v 6 d'l o o v 2 1
Ra2anei aammuqﬂmqﬂuy Tuaanizane IMnITaunaugawaaa
8.12 MIUILL WAL WNTU T T UHNATZRINIT % ﬂgﬂ'siﬁmmw%awluﬁml,ﬁam
LLazfmmnmsnluﬁmﬁ‘ﬂmm:mumsmﬁ‘ﬂmmam"’m”uyimmnﬁammmﬁmsmua:
AAUNAUMIINITIAAILISI TUBUWINIG LAZIRANTIUARBUATNLS U UIZRINIS UL NE
w"’mmLLﬂ:ﬂ%’ﬂJﬂgomel,mlﬁgﬂﬁaavlﬁﬁuﬁ mﬂgn@"faaal,l,ﬁaﬂ’nﬂm’sﬁwmmlﬁﬁwé’ah
8.13 IvuniSuwAuTIUTIN L ’LummjﬁwmlﬁaglugﬂLLWua:awwmm LN D
sanTadsziliunamnsluaudns g e



251

LONEIID19D9

FONUUEILESNMIROWINENMEasuasinalulal (@amn). (2549). fj Jaianalszidnag
57’7}1/’7?/’7&'6){ ?&uﬁmﬁafuﬁ 2 @qﬂ']ﬂ&l 2555, 31N
http://www3.ipst.ac.th/sa/images/book/science_assessment.pdf.

Artdej, Romklao; et.al. (2010, July). Thai Grade 11 Students’ Alternative Conceptions for
Acid—Base Chemistry. Research in Science & Technological Education. 28(2):
167-183.

Barmby, Patrick; Kind, Per M.; & Jones, Karen. (2008). Examining Changing Attitudes in
Secondary School Science. International Journal of Science Education. 30(8):
1075-1093.

Bennett, Judith. (2003). Teaching and Learning Science. London : Continuum.

Berionni, Antonietta; & Baldén, Maria Oliva. (2006). Model of Social Constructivism,
Laboratory Teaching and Concept Maps to Build Scientific Knowledge and
Organize Concept Network: Teaching Experience in First Level Education in Italian
Schools. Retrieved August 7, 2011, from http://eprint.ihmc.us/182/1/cmc2006-
p41.pdf.

Blanchard, Margaret R. et.al. (2010). Is Inquiry Possible in Light of Accountability?: A
Quantitative Comparison of the Relative Effectiveness of Guided Inquiry and
Verification Laboratory Instruction. Science Education. 94: 577-616.

Bransford, John D. (2000). How people learn : brain, mind, experience, and school.
Expanded ed. Washington, D.C.: National Academy Press.

Chaiyapha, P.; Chayajarus, K. ; & Chairam, S. (2011). Investigation of High School
Students’ Understanding of Acid-base Chemistry based on Jigsaw Method. Pure
and Applied Chemistry International Conference 2011. Retrieved August 22,
2011, from http://paccon2011.swu.ac.th/wpcontent/
uploads/2011/06/03_CE_12p.pdf.

Chaiyen, Yaowares; & Bunsawansong, Pensri; & Yutakom, Naruemon. (2007). Integrated
Science Process Skills on Chemical Equilibrium of High School Students from
Schools in Chanthaburi Province. Kasetsart Journal (Social Science). 28: 11-22.

Cheung, Derek. (2009). Students' Attitudes Toward Chemistry Lesson: The Interaction
Effect between Grade Level and Gender. Research in Science Education. 39:

75-91.



252

Demircioglu, Gokhan; Ayas, Alipasa; & Demircioglu, Hilya. (2005). Conceptual Change
Achieved through a New Teaching Program on Acids and Bases. Chemistry
Education Research and Practice. 6 (1): 36-51.

Domin, Daniel S. (1999, April). A Review of Laboratory Instruction Styles. Journal of
Chemical Education. 76(4): 543-547.

Freedman, Michael P. (1997). Relationship among Laboratory Instruction, Attitude toward
Science, and Achievement in Science Knowledge. Journal of Research in Science
Teaching. 34(4): 343-357.

George, Rani. (2000). Measuring Change in Students’ Attitudes toward Science Over
Time: An Application of Latent Variable Growth Modeling. Journal of Science
Education and Technology. 9(3): 213-225.

Hand, B.; Treagust, D. F.; & Vance, K. (1997). Student Perceptions of Social
Constructivist Classroom. Science Education. 81: 561-575.

Jennings, Clara M.; & Di, Xu. (1996). Chapter 5 Collaborative Learning and Thinking: The
Vygotskian Approach. In Vygotsky in the Classroom : Mediated Literacy Instruction
and Assessment. White Plains, NY : Longman.

Larson, Bruce E. (2000). Classroom Discussion: A Method of Instruction and A
Curriculum Outcome. Teaching and Teacher Education. 16: 661-677.

Nakthong, Usa; Anuntasethakul, Thiraporn; & Yutakom, Naruemon. (2007, July-
September). Science Process Skills of Grade 10 Students Related to Cells and
Cell Processes. Songklanakarin Journal of Social Science and Humanities. 13(3):
383-394.

Pritchard, Alan; & Woollard, John. (2010). Psychology for the Classroom: Constructivism
and Social Learning. London. New York: Routledge.

Pruekpramool, Chaninan; et.al. (2011). Student Attitudes toward Science: The Case of
Thai Upper Secondary School Non-science Students. The International Journal of
Learning. 18(1): 289-301.

Sheppard, Keith. (2006). High School Students’ Understanding of Titrations and Related
Acid-base Phenomena. Chemistry Education Research and Practice. 7 (1):
32-45.

Shiland, Thomas W. (1999). Constructivism: The Implications for Laboratory Work.
Journal of Chemical Education. 76(1): 107-109.



253

Thagard, Paul; Cohen, Dawn M.; & Holyoak, Keith J. (nd). Chemical Analogies: Two Kinds
of Explanation. Machine Learning: 819-824

Treagust, David; Chittleborough, Gail; & Mamiala, Thapelo. (2003). The Role of
Submicroscopic and Symbolic Representations in Chemical Explanations.
International Journal of Science Education. 25(11): 1353-1368.

Zhang, M.; et. al. (2010). Using Questioning to Facilitate Discussion of Science Teaching
Problems in Teacher Professional Development. Interdisciplinary Journal of
Problem-based Learning. 4(1): 57-82 Retrieved April 11, 2013, from
http://dx.doi.org/10.7771/1541-5015.1097.



Appendix E
Samples of the Learning Units (in Thai)



Q = Y 1a ca dl
@l’l&JEll LLiJiJﬂ'ﬁ%ﬂﬂ'ﬁliﬂuzﬂgﬂ@lﬂ’ﬁﬁad nIA-LtUd

1 s o A
RWIBNTIILILWILIDY n3IA-tUd

ANTUNTINITAUT WIS YNANB AN A Y

[ ¥ dly
1. 1199 ﬂ‘[ﬂi\‘l @319 BN

“i? Uﬂ']iL%EluﬁE’L%a\‘i nIn

255

SAUR ITAUTHNTENANEAanUaNRINIIDIANL beiln 7

vatages (Mwidsznay 1) udadu 9 ununsdamaion; wagltiianlunssansisaunns

F0% NIFW 29 AU AILRAILAITIS 1

1379 1 msé"@%uwmsﬁ'wj Lquﬂ’lsﬁ‘i'@msL’%'ﬂuj LLammﬁlﬁmugﬂLmumiﬁ]‘"@msﬁ'ﬂuf

YJuan13t389 NIa-LUR

AT Lmumiﬁ)‘"@msﬁwf FuIuaAU
1. R138zaNUBLANINg 1. R1IazanudlanInT laduazwandlanInylad 3
6 Aa & 6
laduazuwandianinglad
= = 1
2. NOBHNIA-LUE 2. NOBYNIN-LUTUAZENIA-LUS 3
3. NIANA? 3. MNILANAIVDINN 3
4. NMTLANAIVDINTABA-LURLALAZNIN S D1 4
SIERRY
1 1 a a 6 o o
4. 61 pH 2898138218 5. 61 pH VBIRNTREANLLASEUALALABIFIRTL 3
LAZNN3I@ pH NIA-LUR
5. Un3en 6. UN3e128InIAUAzIUE 3
7. Ufsenlaleslads 3
6. NI ININTA 8. NI INNIANIA-LUF 4
7. avazansiWiwey 9. avazaulWIWas 3
73 29

. .
2. qmﬂszamm‘sﬁﬂui 1589 NIA-LUE

adszadnaouianuuwinisasUuuunmsianmaseuiUfianis 13ee nse-iua

& a va o P a A a A o &
ﬂimmEjmg@ﬂi:a\‘lﬂﬂ’l‘ilﬁﬂugﬂﬂ’mu@vl,’ﬂuﬂ&Iaﬂgi’lEJ’J“H’]L‘W&JL@]&I AN LAY 3 JTQUTY

ATENANINDN 4-6 MURANFATUNUNANNMIANITUAUFIH WNTANTIT 2551 (FFIN. 2554:



256

87-88) LLa:ﬂﬁJﬂgaLﬁwLﬁmLﬁaai\'iLa’%ulﬁﬁfﬂL’%‘ﬂuﬁmﬁmﬁﬂﬁﬂuuiuﬁﬂﬁ NNBLATTUINANT
mﬁwmmam?"ugugimﬂ'ml,azLﬁ]@]ﬂﬁﬁﬁ@iamsﬁwﬂﬁﬁ'ﬁmsmﬁ it

1) sanuuuazdLiiunsdITIaagaLiasuwnasargsludindszdiuaa
gutaanudunia-wsuazmain I lea

2) a;ﬂmwé’uw”uﬁi:%d’mmmLﬁunm-maﬂlaomsa:a’mﬁun’lsﬁﬁvlwqﬁﬂvlﬁ

3) a5 UN8ANULANA9TZRINIETRTANLBLEN INT LA ALAZUAUBLAN INT bad L
FLALNWMA TAUAUNA Uazazauayansolle

4) efunpUnngmanidn 9 lufadsziriulaslduluiaiifoasumsazanssian
nslad be

5) izqﬂi:mmaqmia:mzl5Lﬁﬂimvla@TLfiaﬁmu@mmﬂﬂ@T

6) aanuUULszdLlnmMIEITanesauisanuanudunsadwusuasans

7) a%msm@gNaﬁﬁﬂﬁmsa:mymmﬂmﬁ@ﬁauﬁ'ﬁmﬁauﬁ'uua:msa:a']sJLua"qﬂ

A em A

rhefiauifnionnuniluszduunnie aymeuazszaudyansoile

8) 8FUIANUUANEIIIENINNG B NTA-LURTEIDNTILRUE LUTURLAA-812IUAZED

9) IHURNNIIUALITUANIA-LUFAAND B IUTURAA-812T |6

10) afunenadnuaswanWimasinle

1
[ =

11) vweanudunia-wsvasssdnniduwesslsznavlussseuai lagls
NOHHNIA-LUR 6

12) aﬁmﬂﬂ’mmmﬁ"sLLazmsﬁﬁ"LWVW’maaf:m’%qﬂ%ﬁlﬁ

13) aaﬂLLmJLLa:@‘hLﬁumiﬁﬁwmwaamﬁmﬁuauu”ﬁmaaﬁm%qw%ﬁlﬁ

14) a%mwamaoqmﬂqﬁ@iammmn@”uLfluvl,aaaumaaﬁwﬁolusm"’uwmﬂ aunAa
WAz ANWaL e

15) afungdasimsuanIvastinuaslflumsdw amanuduTuaslalasy
Woulaaau (H,0']) wazlaasenlodleaan ((OH]) lussazasle

16) a%msm'm,ﬂﬁ'ﬂmmmnn:am}amaaﬁmﬁaLﬁuﬂsmﬁaLuaaavlﬂﬂgolmzﬁ'uw
M@ aya uazdyansolle

17) adunednngmsoians 9 ludladszdrinlaglouluiaiineanunmsuanaaves

W le
18) aammuLLa:@‘hLﬁumia‘%’ﬁnmwaauLﬁ‘ai:y‘mmLmﬂ@ms:%dﬂoﬂ‘mLm'mau,ri
LRZNINBAWLLRE DL Lo

19) UENANVLANGIIVBIANNENNNTD INTUana 1T u lasauszninansauAluaLA

uaznIndowuadaundluszduunna auna uazdyansolle



257

20) a‘huummm:qmﬁwaaﬂm-LuaVL@T

21) afuBANNLANAIITERINI TR M M AN NTUYRY HO' Uaz OH 289n3a
WAALSLALALNIASaWILRE D Lo

22) 138 uNs Ul I MNTLANABINIAB O BRI DLURE D ULAZAIWIBRITOLRZNNT
LANFALAZANAIRNITUANAITaINTAsaunIaILFsa e

23) FUIAIANNTNTUVES H,O ey OH 289NIALT LURWA NIABDM LATLUE
80 be

24) aammuLLa:@‘i’]Lﬁuﬂﬁé’mamnaauLﬁiaizq@h pH vasaTazasl
FIaszdninle

25) UaNANMULANGNIVAIA pH Samsasnuandrenle

26) afunanIiouivasBufianesimsunsa-wsluszauunnia auNIA LAz
FTAURANWOLLA

27) fwromdeafuen pH va9ansazanele

28) UaNANNFNNUTIZWIA pH ANNTNTUBY HO  uazanudunsa-iuale

29) 3161 pH wionnudunsa-ugesssssasannaliouivasiudinnes
fNTUNIA-LUR be

30) aanuuuLAzdLivmMIETIIaTIRe B AUl fASnveinTauaziuald

31) afnemaifind §ASessninmsanuwansluszauunme auMAUAZFTYANIIL

32) a%mmJﬁﬁ%ma:tﬁm‘%ﬂm:ﬁuagn’mLLazﬁ%’zyé’nmﬂﬁ

33) i:yLLa:Lﬁyuaumimﬁmaoﬂﬁﬁ?mmﬁﬁﬁ%ﬁﬁnﬂaammmzwavlﬁ

34) ﬂizqﬂmﬂ%ﬂuﬁ'ﬂﬁﬁaaﬂﬁﬁ%mLﬂﬁmaam@]LLa:Lualuﬂwsa%uwﬂﬂs'mgmmi
@9 9 ludiadszdrinle

35) panuULLAzALARMIIITIIA IR URaaSNsaNTAA LT uNIA-LUAYDS
\ndafinzanesinle

36) efunanafedfAsenlalaradavaindauazautifnnuidunia-lavasnied
azauin leudazaiia luszaLunma 2NN UAZIZALAYANHALLE

37) ebunganunanevesUisen lalasddale

38) YszgndlsulwimiiAsanuygisenlalasagdmierhuennuidunsa -usues
infaldatniauinguna

39) a5UNEATNNT MINIANTA-LUR Lo

40) uanﬂ'nml,mﬂ@i'mzijaq@gﬁl,l,azag‘mugavlﬁ



258

41) szyITmauazifendudianainimanzaudmmiunms lninsania-lwa idmuald

42) 8ANLULLAZGILABINTII I TIIRALLNaMUS N i InTaLa AT aTIAN bs
pnas lnIudsiimslninsansa-waldgneas

43) 3zyunzaTunaen pH 289 I8EALNIARUYIVBINIT ININIATTRIINIAUALLLE
@9 9 luszauanne szauaua uazszaudyansolle

44) S WANUIINURNTNAMNT ININTANTA-LUR be

45) dazendldiEmsininsalunsmdiainaniaanuidudusesasdng g nlglu
Aa o Rt v
FIatszdniule

wn

46) aaﬂLmuLm:@‘hLﬁumséﬁfmmaaaauLﬁﬁ]ﬁ@ﬂﬁﬂﬂ@ﬁéﬂ QVBIRIINEANY
Jinasle

47) 3mezﬁ@ﬁaﬂ'wmsa:mﬂﬂ'wLwaiﬁ"aagﬂmuﬂs:ﬂaumaamsa:mslﬂ'w washe

48) aBLNEMIAILANAT pH Pasmsazansina I luszauuna auNf LA

Tyanwal e

49) drzendlfuluriamiiipnumazamodiwaslunmsasusdsngmanidang 9 lu
aa o ot v
FRadszirinle



259

R1IRzAUBLANINT lad

LRZHAWALANINT bad

6 a
BILILUYR

NOBYNIA-LUA LWIURLAA-A1I

NIILENA7 NIALNLRZLURLLA

n3IA-tud

NIADOULALUREDN

pH

pHILAZN13I@ pH

133 pH
AUALALADTEINTUNTA-LUR

UNATeRLLAK

UYJAseInIanie
WR NURITUNSTIG

s lalasdda

\ M3 InnIe

fIazanutWinas

andsznay 1 LLNmTauiuﬁﬁﬁmsa”@m”aiamammﬂmiﬁﬂujﬁad NIA-LUR



260

> 3 = ¥ > = ¥
3. ﬂ’lWi’)&l'J@lf]"ﬂizaﬂﬂﬂ’liliﬂl%g‘ﬂa\‘]LLN%ﬂ’]i%ﬂﬂ’liLiﬂ%g

a 6 a = o o ' a a a v b =
'J@]q‘ﬂiz&dﬂTBGﬂ'\?LiﬂuﬂJﬂ’ﬂﬂJﬁﬁﬂ@l@laﬂ5$ﬁﬂ‘ﬁ.ﬂ']W1%ﬂ'ﬁL§ﬂ%E°ﬂ IWNLIBW 1%

o = o & o A v 1a A A = °
LLNumifﬂ@ﬂ’]iLiﬂugﬂd 9 LLN%@WNE?JLLUUﬂ']T‘ﬂ@ﬂ']iLiﬂuEl]QU@]ﬂqiLiaﬂﬂiﬂ-Luawﬂqjﬂqﬂu@

'S'mqﬂs:aa A aqmsﬁﬂujﬁo LEAI LA 6

1379 2 fmqﬂi:mﬁmadmiﬁﬂuj’[@ ﬂmwmuém%'uLL@ia:LqumiﬁT@miﬁﬂuf

LLN%ﬂﬂiﬁl@m’ﬁLgﬂuf

%

6 A
@]Qﬂizﬁ\‘]ﬂﬂl a\‘]ﬂ’lﬁl,‘i[l%ﬁﬂ HNINIIN

1. R138zaNUBLEANINT
6 Aa &
laduazwandianing

lad

1. iianasasuazsuwnasausntanisin W uazanudunse-
LR

2. WadnEasaranedianlnTladuazanuuandngszning
RSAZANBLANINT LAGHA #1388 BEnINT lansat LazEIazAN:
UOUDLANINT Lag

3. Lﬁaa”@mjuﬂmﬂmaamiaza’mﬁlﬁﬂiﬂﬂa@ﬂﬁuﬁmsazmsm‘@

LRSIUR

2. NOWHNIA-LUFUAE

@;m@-ma

1. 1lefnm lasauluaaisusfvesssazaantauas laaauiugas
RUUAVBIRNINTAULUE

2. iadnwmguinsa-wailtlumsinnsenuidunie-wsvas
813

3. MIUANAVDIIN

4 wt Y =) A€ a o o
1. wadnsmui lwwvasthuigns Anwnazasamngldania

v b A Qo‘
"L‘V\IWwaammq'ﬂﬁ

di = d‘ d‘ a A 3’ a nf
2. iWiadnsmalisuudasidiaidansaniaaasldluihyiand

5 Aa I~

uazaudunIa-Luaniac pH vadtuigns

4. NIUANAITVBINIA

WA-LURLLALASNIA

1. INAANBNANNLANANITERINIATALA LUFLA NTADOU LRSLUF
20U

2. WWaANENITNITILWA YT AN UNTALA LWRLA NIABAY LAY

20U-LURD DU
wasdanlayludasrinnimasas
4 o + - 1
3. WaANENMIAIUWIAN [Ho0 ] waz [OH] luansazanunsawd
LA NIADDY LRZLURDDW
5. 61 pH 83 1. Wa3aa pH 2adasazasludiadsedin
A a a ' ' = e o add
FIINZANY 2. WWaLSoufsuaINNLANaI9284aT pH Nldanniaal835n
uazdudLaLaas LANA1IN

FRTUNTA-LURLAE

RTIUTI1I291%

3. WINBANENMIFI WA pH LazMItUAsuRUaIdudiaaas

FRIUNIA-LUF




M99 2 (619)

261

LLN%ﬂ'ﬁﬁ‘i’@]ﬂ']‘iL%Elui

a 6 A
’JGIQ‘].]?:NG@]‘IJ aamusmuﬁ’[@ HNINIIN

6. YN8 U8INIALAS

WWadns JTenszninensanuius

\UE 2. WadnsUfATeauin
3. iadnwlfAsowasnsanuansdug
4. WofnwUFASwesuanuasdng

7. Ugisenlalaslads 1. Wadnsaniaanadunsa-iuseandefazansinle
2. WadnmuUfAsenlalasddavasinia

8. N3NNI

1.

A = ad a A a [l Al
LWaANBIATNNIRIUI U aINIANIALUENSD %1%&'13711%1%

T30U52317 UMM ININIANIA-LUR

2.
3.

Lﬁaﬁﬂmg@augaua:ﬁ;@ ﬂﬁmaomsvlmmmzwmﬂw BRSLUR

A = a a A &l ° ot
FNBFANBPINIILRDNABUALALG asnmmmummlm’ﬁvlmmm

NIN-LUR

4.

LNAANBHINTANI WA AT NT U AINTALRLLLAN bAaN

ﬂ’]ivl,‘Y]L‘YliG]ﬂiﬂ-L‘Ua

9. aazaslWiwes

1.

A = an | ! @ &
LN AN EIRNUALAZAIULANGNTEAINEIRZALUN LN D IR

s1yazanun baloiwinas

2.
3.

A = | @ &
NN EFIBUIznaUvaIrITazaauNINe I
WWadAnEa Az Winas i atlszinin




> ¢ A [ = v
4. N‘[%‘Ylﬁ%ﬁ'élx‘lﬂiﬂ-l,ﬂﬁ ﬁﬂNEﬂLLﬂﬂﬂ'ﬁ%ﬂﬂ'ﬁﬁﬂ%g 9

M99 3 ANNFNNWETERILavuazu lunah

o [ ‘=' ‘:{“‘ v = v
a1auUnNn L%?J‘Vi']/tlﬂ%ﬂ']‘iﬁ]ﬂﬂ']‘ilﬁﬂ%g

alwnest

1 RIIRZANUBLANINT LA LA
RIIRZAILWAWDLANINT LAG

A Aa o @ o 8 o en & ° o Aa
snwuludialszdnu orldautifanuidunse-tusdunmsianansnsuwn tatduwansng
gL dwnIe s wazidunats drlamsin W dwnmsianansaswwn tatdwansn IWna le
& s v lastay wazaIn ks W
A & & A AN ° ¥ o L A .
RITRZANLUABALANINT lad Aa mia:mmvl,mmmsnm"LV\IV\I']"L@LWﬁ:"LvaaaauaQ‘lumsa:mﬂ
' A & g ot o ' = '
LmmiaxmfJaLaﬂimvl,a@i‘a’]msnu’]"l,wvhvl@stﬁ:ﬁvlaaauagluaﬂiazaw FIgANInULIaaNIT% 2
Uszinnfa (1) asazaeBianinsladudidumsazaoni i ldduwnzdlosanagluasazas
AN uaz (2) Mrazanpdianingladdan iuasazmoni i lddesinnzilosaunatluaazas

o a A& & o o a A ')
Wap mmlmuawmsmaomsa:mﬂaLaﬂimvl,aml,l,m:’lmgﬂmmamm ( =) Hasannuanandn
U A A a W 6 Il Aa & 6 ﬁl :’
loaauldnuaniaiieunuausznianmriodlujvaslanau RIazangalanInT laddanilanzanaiin
LLﬁTﬁLmnéﬁLflu"laaaﬂﬁmadmﬁhﬁmiﬁaﬁumﬁaag’ﬁﬂﬁLﬁ@auqa@”@ﬁfmﬂﬁgﬂmaadma
—_— T a s 6 Il 1 A& 1 Al % qq/, U
(=) uaznlanuaiegluvaslessu udanazansuandiininlad iflosauasuuldgnas
‘mu(ﬁ'mLmzwﬁm.ﬁ'wﬁagljlugﬂimLaqamaomm‘”@ﬁumﬁawﬁu
o o A o o o ° o v a ' A& & A
fuTusINazassnLaanadulaaauuazin lWWAla 158091 8198LANINTIAEA ’FIUR1IN
azaziua lunanardulosawaz 1 Wwa auduwansuandidninylag
mia:mmsmmzmm:mﬂLuaﬂﬂmﬁmawuﬁinﬁWVLWWWVL@T FsvandurnTazaudianInylad we
A & 6 = s A [ U
fIazaedlanInTladoradantiaidunye Wuiug wiatdwnaidn la

414



M13519 3 (Fa)

o

o ] ds‘v o s U
a1UN L%ﬂﬁ'l/tlﬂ%ﬂ'ﬁ%@lﬂ'ﬁﬁﬂ%g

alwn et

a (3
miazmﬂamnimvlam (13

a & (3
mia:mwaumaﬂiﬂﬂa@

A& " v o a Aa 6
ﬂ’]iizlqlﬂizl,ﬂﬂ?lﬂdﬁ'ﬁaLﬂﬂIV]'ﬁvLa@ﬂ@Eﬂ&l(ﬂﬂd“ﬂ']ﬂ']‘i“ﬂ@ﬂad NINTTUHIN (1) i?ﬂiaLaﬂIY]ivLa(ﬂ

v A & v a wn A A Aa an
vL@ILLﬂ aqiﬂazﬂ']ﬂuﬂLLQUNNNU@]Lﬁ%ﬂi@uﬂzl&lanﬂ‘ﬁ%@ LLaza’]iﬂszﬂaU‘laaauﬂﬂuﬁllll(ﬂLﬂuﬂaqd (2)

GR) ssuaudianinglad ldun asdunidnduueanazad (Iwy-oH agluluiana) aadlad (-COH) uaz
Alaw (-CO-)
(e v ' g’ ' :’ ' : A 6 ' A A

ayveual laud shluunaside 9 ihnsaluuuaiaainoud vaanalluinems uazialasas
> A& A ° o Y
wnaaws adussazansdianlns lagsszunsaii i le

a , A o o + & + v o ¢ a
2 N NIA-LUALAZENIA-LUS Waniaazanasinazuanalld lalasiawlasean (H ) ks H sauaanusifadn

A T A A A PN A
lalawdonlasau (H,0) ldlumsszaonsaynafailoseuiuaasautiGuaiasazauniafe
+ A ) A A A o a o A A A % A i o
H;0 Gslinanmisiddsudnizansianaanfindudufuaandonns Waluaazaiuiazuanad
IWlaasanlodloaan (OH) Mlklumiazanswannsfiailessuiusaiautfvasmszaoiug Aa
- 4 9 A a A o a - s A @
OH GslhnamsidsuinszansianaanFuaadudiniiunionni
a 6 A vAa A A :/ % % +
noensa-usasisdiaaliiions na Aa manezasiusuanaililalasianlesan H') wa
fa aInazaashusuanal v lansan log laaaw (OH) nouinIa-lug
a Aa ' + 6 o
WiuaLaa-a113 Ransananuidunse-iwavasansanmsanslaulusaen (H) launsafaasiii
lusnanunansan wafaanivllsaananasan ussnguinsa-luaiidalwiiony nsa fo s1sn

Yia &

mmm%’uqé‘l,ﬁﬂmau W& Ao §1INENANID IRABLANATAW

U

€9¢



M13519 3 (Fa)

o

o ] ds‘v o s U
a1UN L%ﬂﬁ'l/tlﬂ%ﬂ'ﬁ%@lﬂ'ﬁﬁﬂ%g

alwn et

NOBYNIA-LUFLAZANIA-LUR
U

a a a A A . o p= , o
AN WHNIN-LURVDILUIBRLAN-R1IT Il] Lﬂqa%iavlaaa%qn Lﬂ%ﬂﬂﬁ@-maﬂuﬁ]zuiﬂ‘i(ﬂ BUAININY

Gh) ad 1 lneu langnsavziilusaanannninusat 1 ldsaeu giuaaziilisnauosniinineg 1
ldsaan
a v o ¥ K v & J [ A o o aana
ssvwriasaninliuszivlinenld Suduldniniauwszius @uagnumandwhlfizm)
3andn asuaulWineIn MUNOBHNIN-LUFVDILTUELAA-81I3
o 4 e’ Aa a o A + - Y o oo
3 MILANAIVBIUN iignduandalilalendioulessn (H;0') uazlaasanlodlosan (OH) dawan vl

a Q€o o v v a st 2’ é’ a a dl a :
uIgnsh v ldiasann dsinaunswandudulessusasihiuivgunnd lasngmmadgeiuan
audulaaauldinnningunpiidn sanalddrdsninsuandlzasin (K,) dewinniuazddinai
Inananinngaunndd

' { a 3¢ + T ' (% A v
APINMIUANAIVBIY (K,) = [H;0 J[OH ] mavanen K,, #asszamnniias
d A b, o A { o @ -14 o [ + - '
famnnd 25°C ThuTgnida1nIInIsuanaWAL 1.0 x 107 uaneali [H,0'] uaz [OH] aEns
-7 3 4 e o & ¥ 4 =~ . { A A S a af
8z 1.0x10" mol/dm winiu aanuihuIanTazld pH = 7 Ngngdl 25 °C i usdiuIgndazd
@ o + - a { + o
gudAdunansiananzuanal i H;0 wae OH ludSanaiyinnuiaue
a g’ g’ o [% + - {
nadunsaniaiwaadluiidunisruniunnzaugaasin Ml [H,0'] wia [OH] WRsuulas
=3 ' 4 Q ] H Qs g/ v 1 L _14 { a 4 ~
lulugadunazsnmeasfinauandavasinliviiny 1.0 x 107 anefigannil 25°C Waldunsa
& o @ ~ an A a A o Al a A A .
sdlwihazilansazansdsudfiduniaufoudnszansiadadindwduuas iasnnfaugalnal
+ -7 3 - -7 3 A a & o Y =1 wn
[H;01> 10" mol/dm’, [OH]< 10" molidm’ iflatdauaaslusinazyinldansazaefanitidwiua

¥9¢



M1319 3(¢ia)

sauf Lﬁﬂ'ﬁ’]ltlﬂ%ﬂﬂ‘iﬁhﬂ’]‘iﬁﬂ%i alwneng
Msuandasin (da) Wasudnszenudasaanduaduiingu Lﬁaomﬂﬁaw@galmi [Hs0'] < 10" molidm’, [OH-] > 10"
mol/dm3
4 MILANAIVINTALA LUFLA nsauAuaziuaunin W ldaannsadusiiningladun dauandadulasauluinldannwiale

WAZ NMILANAIVBINIADOULUR

28

ahamnysal azfadfAsen lddremihidsseduden lunsdouusainmauandizasnsauiuaziug
" v AR A @ a ' : ! o % [ [ A&
uwndsaunaaddsfionldanaslunadon dunsadasuaziusdauiniivldiasdaidudiining
6 1 A (e X A o v A 1 R A ' 1o
laddau Sauana ldkasnTauand ldiissunsdiu lusnsazaneiadiluanavasaadudiulngiu
ot 1 v a &/ 1 Qs
losanamnmiuandududiuias uaziinzaugaiinduszninluanazasanulessuly
s3szane IaLdulfisemismatfsuulasndunaule lunsdsuigasnmuanarvesnsasan
uwaziusdaudnaunaiaiitsfioulianasaainig
nIauATLNes 6 THa el HCI HBr HI HCIO, HNO; uae H,SO,* (tdunsaualamiznmsuanel
luasaf 1) Niwladaidunsadau druuaun ldur laasanloduany 1A uaz 1AW |FUA Ca Sr
Ba) Mnaedaiduluasan
4 ' ' > 1Y v ° + -
iasnnnIauiuaziuauiuanda ldannnialdainiauysal mIdwinwm [H;0 ] uaz [OH] 189
' 1o v & o CC ] ] + -,
ATALALAZIUFLATIN 1A TNIUANNTNTUVBINTALARSBLURUAILENNITALEN [HoO | B38[OH]
ldlaglunsdinasazansdanudutugs azfiedlesauniinnnmiuandivasshildntasann
RNINANI LG lunTdinasazaadanudutud1rIaliaa dastihlesauniiaannnsuanaiues

#uaaaae

G9¢



M13519 3 (Fa)

aauN Lﬁamltmumsﬁ'ﬂmﬂ%ﬂuf

alwneih

NMILANGIVAINTALA LURLA
LAY NNILANAIVAINTADDULLF

dau (68)

HlasannnInsanuaziugsewtanes leios USunmnsuanaIreInsasawasluason HouUan
usauazn3ofasfinsuaneIveInIa (K,) BIDLUR (Kp) ANPITINIILANAIVDINIAS AWURLLUFS D%
swsalfiSsufisulSinansuanaivasnsadeuwnsaiussanlalassslafidenouazniadinod
MILANMIIINNTINTAUSU M TRANIIINN I laginuTerinInTasamnilaununiatuad o
wilaunu wazltiuInmn [H,0'] waz [OH] luansazansuainsadaniaziuasanle

AIFIUITANT [HsO ] Uaz [OH] Tug582818989NTAB A HLAZLU RS DT THA UG5 (1) \T8
FUNI ARENNTT LRENANNTNTUANNIZAN 9 (2) Lﬁﬂu@i'moﬁauqal,mumum (3) LRanIBun
gunns smsuanaadatasann Wafisuiuanududwsudn IWdszanainvinumsessule 6
lisunsalsmadszinald Idasunisliaglugdauniamiaises uaz ) WAFUNIIIIAN T NTUT

ApINT

5 @1 pHUazN13@ pH

3UTIU5rI1Iudlen pH wand19nuaan ta1aden pH < 7 pH = 7 138 pH > 7
[ o o A A o A A

MIIAAT pH VBIRITAZANLD1IAAE NIZANWNLT (pH paper) LATIIANLET (pH meter) W38
A a 5 o P2 ' A @ ' v o & § o o '
DUALALABTRINIUNIALLE TILARATIAAT pH LANGINLAIHY 1ATBIIANLAT RINNTDIALAZLENAN
pH ldaziBnafisszatganaiion nazawhies gineisadudinines uazthneniUifdwmanInia
wazuandl pH LIWaUTIWIULANAILG 0-14 §IududaLaasudazsialURuud lalusd pH Nldn
W@NEIRINIRIALAZLENAN pH DuT9nT 9 uazitasnndudiaiaasudacaiadiian sl us
Auandsnuaan lWasnuinltdudiaiaasnanssianiasnsazaoidoin azlaan pH Jugrenuay

99¢



M13519 3 (Fa)

o et dl 494 Qs =) v
a1AUN L%a‘Vi’llLLN%ﬂ'li‘i)ﬂﬂ'ﬁLiﬂ%z

alwneih

@1 pHWLaZN13I@ pH (6i8)

FunnlEaudianasifos oo
Sudiaiaasininia-wa Aeaninidasaseuanudunse-isvasansazats sulngandu
nIAsan 1A Hin Lmugmﬁ'ﬁ"l,ﬂmaaﬁuﬁl,ﬂmaf Woazanpiinazuanda asguns
Hin(aq) + H,0() == Hs0 (aq) + In (aq)

81INAFaUd [H,0'] > [OH] T - [HInJ[In-] > 10 U357n7& Hin
f1INaxauid [H,0'] < [OH] l @ T [HInY/[In < 1/10 Yng& In

1H8931n N30 Hin ua ALUE In- AFd197% g lunasounussng [Hs0'] > [OH] am;mﬁauvl.ﬂ
9ty ¥l Hin 1iadn wazdn [HIn/[In-] > 10 17 azdnngflugunia Hin dihlunaseuduans
715 [OHT > [H,0'] ¥ [H;0'] 8989 (OH 9z378@aRL Hy0' ) au@;alﬁlaummwm il [In]
RN wazth [HIN/[InT < 1/10 i a:ﬂsﬁﬂgﬁlugﬂwa In 81 Hin wae In” §USumlnaiasInuas
Unngiduanas @”aifumsl,ﬂﬁwﬁmaaﬁu@mmaﬁua;jﬁ'u [Hs0']
anudunsa-wavadasazanofovvanidudn pH duwimwlaain pH = -log [Hs0'] pH 184
NIRZANY dmlmy'ﬁ@i’mgﬂu"ﬁu 0-14 Lwiawﬁ@hagjuaﬂmaf?lﬁ (@n3fifiasndn 0 (faau) Wi
AN 14 ) §138zaefid [H,0'] 970 szdanudunsaunn uden pH 9261 s1manIazanufd
[H,0'] stor azfinnadunsaes 61 pH F9 syazansidunse a=den pH < 7 ssazansfiin

nNand AedA pH=7 ®1vazaeNtduiug azla1pH >7

19¢



M13519 3 (Fa)

o et dl 494 Qs =) v
a1AUN L%a‘Vi’llLLN%ﬂ'li‘i)ﬂﬂ'ﬁLiﬂ%z

alwneih

@1 pHWLaZN13I@ pH (6i8)

2
v e A

MIMWIMALINUAT pH YINlaasdt (1) LianTud [Hs0'] w3a [OH] duwiwmnen pH lagls
6

g613 pH = -log [Hs0 T UazAMNEUNUT K, = [H;0 TOH] (2) fanTuen pH dwasemn [H,0' 1 e
l%gas [H,07 = 107"

6  UNNTNUBINIALALLIUR

ﬂﬁﬁﬁmizmwﬂmﬁhmmﬂuﬂﬁﬁ%mﬁﬁmimzﬂaulﬂmau‘sm’mVLaIMLﬁwvlaaau, (H;0")
v laasenlodloasn (OH) a=ldninsmsidainasnusii niaindaiasasnaden lasindanle
a19azazanen e (ag) nae liazaelwin (s) Wonwsasdrnsunisiadiialeait

N30 (aq) + LA (ag) —> N8 (ag/s) + 1 (1)
N9 (aq) + LW& (aq) —> LNAa (ag/s)
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(Mwansuluaun 1.3)

HO() .
AB(sl,g) — A(aq) +

H,O(l) . )
AB(slg) —== Af(aq) + B(aq)
H,O(l)

AB(s,g) — AB(aq)

HO() .
AB(s,l,g) — A(aq) +

H,O(l) .

AB(s,l,9)

H,0())

=" A'ag) +

AB(s,l,9)

B (aq)

AB(s,l,9)

H,0())

+

— A(aq)

+

B (aq)

H,O(l

AB(s,l,g) 0 AB(aq)

ﬁmmw: 1) http://catalog.flatworldknowledge.com/bookhub/4309?e=averill_1.0-ch04 s01

2) http://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0m/s08-01-

aqueous-solutions.html



http://catalog.flatworldknowledge.com/bookhub/4309?e=averill_1.0-ch04_s01
http://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0m/s08-01-aqueous-solutions.html
http://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0m/s08-01-aqueous-solutions.html
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dwawed NH, fla NH; (ldan NH, 181 H aan 1 ldsaaw)
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A @ A Aa ) Y o v A ' a
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NIk 1 stﬁ:m@ﬂ,@ LaRyANIANIALURAI AN TazaN 8N bl lriWiWas 1w 10 e
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1. 43N Lego NgNaz 1 70
2. TU Lego UARSTUUNUDLANG AILFA
3. guN@ wininasiii 5 Imaqa Laziin 2 IzuLaqaﬁmﬂﬁuaﬁﬂﬂWauLﬁ@
+ - A & @ o o & a a
u H;0" uaz OH (thasansihuanaadwlasauldiasinn g asmuluanuiduadeacd
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{ A o - & . v o v '
5. Watduusazynliludninesid oH wndu ashadulasarinld én pH J6n

QI l&’ a
PNNUWBINNLAN NN

o o o 4 v o a &
6. HNISuuAIIYINTIAN 1-2 30U tNa v lanndsdn
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3NN U0 OH LWNUH Y]’]l%ﬂ’] pH YaIWINANNNYWBINNLANBDLININ
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1. FU949 Lego UWARTWLALNUOUNIA AILFAS

2. sNu@ ludninasd
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- {l CH,COOH 5 luana iunsadauuandalyd 1 Tuana I CH,CO0" uaz
H' (soueanuiin el H0"Y)
- § CH,c00 5 lasau Feldannnsuandazas CH;COONa
d’aifulumsa:mﬂﬁ'wLW@'?%:ﬁIuLaqaLLa:VLaaamao CH,COOH - CH,CO0 3
ugnia-luanu
3. Waldunsa HO 2 losan lWELUE CH,COO W3UAL Hy0 Liaudlu
CH,COOH uax W Gﬁa@mﬁau’j’l [Hs0'] uaz [OH] a2 lailaewulas aaviue pH 39

vasundas adnalasundasazilfunwladnaaniias

luana/leaau fiaw nadLfiunIa
Hy0' 2 2
H,0 2 4
OH 1 1
CH,COO 6 4
CH;COOH 4 6

4. vimiauta 2 nsmduius OH 2 laaau azvilwgnia CH,COOH w3
L - oA - ¥ o4 ' + -, ' { o &
U OH’ tfiaidu CH,CO0" uaz 1 Taqundawin [Hy0'] uaz [OH] azlaiifuuudas aastue
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luana/lonau fiaw nadLANLUE
H,0" 2 2
H,0 2 4
OH 1 1
CH,COO 6 8
CH,COOH 4 2

AafuzAudy 1519 usr oH laldldaunugnsaiissadinden wdvzduy
+ o @ 1 % 4 % >
HsO 618 Wa2 CH;COOH AaBuan@IlNeinINENan aIxuNT
E +
OH + Hy0 —> 2H,0,
OH + CH,COOH —» CH,COO + H,O
- +
CH;COOH + H,0 € CH,COO + H;0
+ ' a LA o ' > (X A
(H;0 aaadlUnan uaz Lmﬂ@rmﬂ%mwaiﬂmauqa LANUANGT LAt s ANz
CH;COOHat#ay @1 pH Fafeuudastasnnn)
LLazlummLﬂm%ﬂmLaqmlaams‘lumsa:mUﬁfﬁwmuma:mﬂ § 4NN
o ' ' ° | o 23 a
BNA8ENd NANAE 813 1 luaazdswanyinny 6.02 x 10 Imaqa gun@inluasazane
V) 6 + -5 PV 19 v & A Aa
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+ A ) o A o aana o @ A ' o v +
H,O uanarnTasaINilfisonnuiaiesssiianiasyiild [H,0'] 0199zide 1.8 x
'5 1 Q 3 U 4 a 1 A’ é’
10 mol/L @1 pH =5-0.25=4.75 muu?iﬂm;ﬂvlm%ﬁammuam pH UBIRIINZANLILLNNUY

VNESLANa Y
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mMaasnwlasnaswndasiasunn




Imaqa/vl,aaau

ARILAUNTA

+

H;0

1

H,O

OH

+
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H:0  lilalumuingiue (NHy) esadnaden

P& IUTINAL OH AT uaaad a9t NH; wenenauuanaalw oH LWBININFNAA

GIFNNNT WALBIN NH, JUSnatasasdalile OH aaasninduiantas vinlwan pH

= [~3 v
KANILNEILRN U E

NH, + H, 0 <> NH, +

. . - 3 + [t - Aa g/

4. dlaw@uus OH 2 losau adly gnsa NH, 92798nD OH el NH; uazth
4 . | 5 LA . &, . o
Taquaflondn [H;0 ] uaz [OH] azlaianuutas asiudn pH Salailauudas drdnis
wasnudasnifawudlasiaaun

H, 0" + OH—> 2H,0

NH, + H,0 <> NH, + OH

H,O
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luana/loaau Aaulda ARILAULLE
H,O 1 1
H,0 1 3
OH 2 2
NH," 6 4
NH, 4 6

4. @i’ﬂa%mﬂmsﬂ‘szqﬂﬁufuﬁ'ﬁﬁéaamsaxmﬂﬂ'ﬂLﬂaﬂuiﬁmﬂ‘s:é’ﬁ'ﬂ
4.1 WWnzngla lwdoauaztinnza sesaidumsazaoiined (2 azuwn)
luldeadl  HCO; H,CO, \Jussdilsznavatidae &9 HCO, uaz H,CO, \Jugnse-
wan uazidunsadon aavin 1iaasssadumsazanaiWines
luﬁmuaﬂi:ﬂauﬁ'sﬂmaqamaommaﬂaaau@me] WINNY % H,COs,
HCO,, CO,., CaCO, HsBO, H,BO; iiludun dsfifsniliznavvasnsasanuazinaasas
nIA8an ﬁaﬁimaqaﬁavlaaauﬁﬂuﬂnm-maﬁu 799 (1) H,COs - HCO, lagfi H,CO,
\{unsasauHCO, 1lwniazainsndon uaz (2) HsBOs - H,BO, lanfl HBO, NTA8an LAz

H,BO, (JulnRauaInIasan

narinmasndu afuelanndas = 2 azuun efunegndainnidin = 1 azuun linaunia
ADUNUHA = 0 AL

4.2 izuuﬁwmas{ﬁagfl,mﬁa@ faNInAIUgN pH zadfaaluiemuldadngls i
NMEaNgalwianaIINILNIUGILNTA (2 AZUUL)

uwIEIAaLf 1 a3uedILRNNS
H,CO; + H,O0 <> HCO; + H,O #3a H,CO, <> HCO, + H’
\@UNIA HCO, + Hi0 <> H,CO, + H,0 HCO, + H <> H,CO,
nnaunInadnnIaas il azlunudnugusiadunsaaisueiin Balaivlw
[H,0'] WRnduriaraouutaslanniin vilsian pH wasuwudasliidndas Sedinasnundd
pH 1Watj179 7.35-7.45 ot

BWIANINBUN 2 aTU8AIUNTN
/ HCO, \

HCO, \

H,C0, H, o, H,CO, H.Co,
: _ H,CO :
HCO, MC0 jeo, :> HCo, 0 hen,
. . H,cO
HCO, HCO, e H,CO,

kHEDB. H,CO, H,D+/ kHI:D; H,CO, O /
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& a & R + oA A A a v o @
NNINISLABI YT RIaa UL NTUY B3 H5;0 &Immﬂ%iaLURU%LLﬂaduaUN’mﬂﬂ%m

pH 1wasuudasliidnias Sadiasinmen pH IWages 7.35-7.45 a0

ﬁﬁaﬁmmﬂmﬁuémé’bﬂg

H,CO, + H,0 <> HCO, + H,0"

NaHCO, —> Na' + HCO3’

5 ; ; 5 ; ;
-1 +1 +1 -5 +5 +5
4 1 1 0 +5 +5
sruptiWines H,CO, + H,0 <> HCO, + H,0'
4 6 1
LAy 2H,0° HCO, + H,0 <> H,CO, + H,0
5 6 1 4
il -2 0 +2 +2
8 4 1 6 2
'3 (%
LNALNNIT IR AZ LI
MNuNTUIELA% AT
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WauaTUNHAILRNANT u%amim@mwgﬂﬁaa 130 1 Un 1
@ﬁ’m%mmh:ﬂaummmaﬁmaﬂﬁgﬂﬁao
a =) 1 6 A ]
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o ‘:g’ v s o 1 dQ/
AT IRBNISauaaudInNea b

[ v a a & A v @ 3
22 1 WNLIIPUANIN LUARLAFIIRZANUNIARIBLURANNLYNTW 0.1 mol/dm Uszutw 1-2 wea

aalulush 1 uria ¢ pH azifsuudasluniala agsls uaziwazingle

%2 2 asaaluil 1) iaalusrenmevaas 2) s 3) uzwinae ansassazansna
WSALLEAMNTNTY 0.1 moldm’ Uszanas 1-2 wea avluluasUsunas 250 cm’ @ pH
wWasuudasluwse'lal aghals LAzINTIZIRA LA

21 (anoolEr.® . o 8.2 N et
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Tu9wi} 9.2

nInaaadtsas arsazargiiines

I0nUsraIA28ININARDY

1. @‘igaauuagm Munaauls Mruaileudiljuanis nasas LLa:agﬂwamimaaaLﬁia
agﬂauﬂ'ﬁmia:mslﬂ'wLWafoiaLauﬂsmLa:mamvlﬂ

2. Lﬁaslﬁl,ﬁﬂmmjﬁﬂagﬂLLawauﬁﬂmsﬂ@aaamamﬁ

s N

3 = 1 1
'Jﬂﬁcl. qﬂnsm LLazrdNIlad (manQN)
pH meter/msa:m:lgﬁna%’aﬁu@mma{/mmmﬁmm NROANEA  WINAWINDIINGN
ﬁﬂmai‘/ma@ﬂmaq/uﬁawmaan 8 1‘].| 8§1382818HCI 0.1 M ®R1382a18 NaOH 0.1 M

@T’m&homsazmﬂﬂ&jwﬁ1 CH,COOH + CH;COONa  NH;+NH,Cl  #hazwiiga

Qﬁamdmm:awmjuﬁ 2 % NaOH + NaCl NH; + NaCl HCI + NaCl

AN B1IREANENENN 1 uazanIazanafingun 2 Wansansaniaiuaaadll d1 pH aziing

bl

J

D

Wapuudasly wendrennadnals
AUNAZIW (28:079)

Wansansaadly Iumﬁ:azmmmjmﬁ 161 pH 2zaaadldaIn msazmmmjwﬁ 2 @1 pH zaaaINN
wsziflaneaiuaasly lummzmm@mﬁ 1 @1 pH sxiAndwldann mmzmm@jmﬁ 2 @1 pH AN ULN
ija%mmimLLa‘;mavaﬂsLummzmm@jmﬁ 1.6 pH ﬁmﬁlmmmaﬂm:ﬁa&m’hmmzmm@mﬁ 2

amsan (@ﬁasm) msazmmmjmﬁ 1 LLa:mia:mamjsJﬁ 2
AUTANN (628819) 61 pH Tlasuniadly
ﬁ%LLﬂSﬂ%uQN (A19819) USU1ATVRIENTAZANY SIUIURDAVBINTALRZLUE
Bealuans (a20879)
@1 pH Masuudasly wldannanuuanaisagd pH SURWULAZEN pH RRILFUNTALRZLUE Lasdn pH
’J”@VL@Tﬁnﬂmia:mmQﬁna%ﬁa@u@mma? %38 NIZONE %38 pH meter
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1) mﬁ’gasmmia:msmajwﬁ 1 LLa:msa:mmﬂéjmﬁ 2 asluiinined ludSunasfiving i Jae pH
Jufind pH
2) poasIazanenaadll anlia Jaen pH Tuiindn pH

3) fnilaudd 1-2 ualduaIazasiuad it
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R1INSAY

@1 pH 284

R1INCAY

@1 pH BaIaTazaELlana

HCI 1 Baa NaOH 1 vga

msa:awn@uﬁ 1
1) CH,COOH + CH,COONa
2) NH,+NH,CI

[

)

)

3) fwzwee
4) Nzl

a9 lRunISunaaIRe NS yuaaInea
é/ v 1 1 J U 1 0
ANIBLAIQINAT pH 92 | ANTUBUAIQINAN pH a2

vuawsls Wuaeals
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4) 1
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WRsuwlad lannin Waldunsansaiuaadliiiasansian

aIazALngai 2 il snsazaatininas

@

daajUindran

AU

\_

% 6 A QIAA o
R1I8ZALUN WS NN MRVUANIEN

%

syazany lulwidfouudadldunninilaidunianiaugad Wianiae.........

NI IRz A gﬂﬁaaﬂsuﬁ’m 2 Az gnﬁaamad’m 1z Aawrsalinay 0

ATl A8

[

...... FNININWIIZAVAT pH VB9

~




335

Tusun 9.3 drmilsznavvasarvazarsivines

@Bues: neetemIazaeNiney
1) CH;COOH (aq) + CHsCOONa (aq)
2) NH; (aq) +NH,CI (aq)
wnisaumausmuse Uil

1) nMInaass ssazanstNinasiautaduatngls

sunInAIuaN pH vasasaza ldliidasuudaslduninfaidunsaniawsasliidnia

2) CH,COOH Hauddidu ...nvada%. .. uaz CH,COONa tw ....nJRa (VaInIadan)...
CH,COOH 18z CH,COONa fanuiatasiuednels ... \udnsa-tuans.....

3) NH; Sgud@idu.. Lugdon. uae NH,Cl 1w ....nRa (Vadlugaa)....
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lusui 9.4 insrzmala arsazargiinasianansasnsnan pH lailw

wasnudaslduninle

(LWIANGaY)

% A A 1 -~ 1
1. g1vazarguNinasninaannInaanlazinaazaininaan

ﬁl =)
® LUALANNTIA

-

pH niawl@NNIa = 4.74

pH #RILANNTA = 4.66

o

~

J

RINFINA LFHINNMINABBI(FZALNRANA)

2H,0"

: CHQCOO\
/ CH,COOH CHQCOO\ CH,COOH

@COOH

H,O CH,COOH H,O CH;COOH )
K i B CH.COO

CH3COO- H O+ e COO+ CHSCOO H3O+ .
3 H3O [ H3o

CH-.COO’ CH.COOH
CH-.COO’ CH-COOH
CH;COOH OH CH3;COOH OH
H,0O H,O

2 -
CH3COO/ CH,COOH CH3COO/

faduny(szauayme)

a 6
RIINZALUNLNDT

WaLANNTA

CH,COOH + H,0 <> CH,COO + Hs0

CH,COO + H,0'

<> CH,COOH + H,0

® L JaLANLUR

-

pH MawlANIUE = 4.74
pH ARILANLUE = 4.83

.

~

J

RINFILNA FINNNINARBI(GZALNRAA)

20H

: CH coo\
/ CH,COOH CHQCOO\ / CH,COOH :

H,0 CH,COOH H,0 CH,COOH 7
: CH-.COO
CH,COO ¢ CH’COO+ CH,COO™ o )
3 H5;0 [—> ) H;0
CH-.COO -/ CH-COO )
CH-COO CH-.COO
CH,COOH OH CH,COO' OH
H,0 H

o
2 . ) 2 :
CH,COOH CH3COO/ CH,CO0 CHsCOO/

AaduNY(szalaunA)

fanltunudradunoluszdiayna (szdudnyanwal)

% 6
FITRZRILUNL WS

4 a
LNaLaNLUA

wWisuudasaaun)

CH,COOH + H,0 <> CH,COO + H,O
OH + CH,COOH — CH,CO0 + H,0

OH + Hs0" —> 2H,0, OH + CH;COOH —> CHsCOO + H,0, CHsCOOH + H,0 <> CH,COO + H;0"
(H:0" aaadlunown uas Lmnﬁamlﬁmﬁia%’nmam}a udarauandl ledkasaawinzd CH,COOHaguas ¢ pH 9




Tusndi 9.4 (sa)

%] {q' a 1 =1 1
1. g1vazatguiilasninaaniuaooanilazinaazadtugaan

* Jaiunia

-

pH fiawlANNIA =

pH #RILGNNTA =

o

~

J

5NH. + 5NH, Cl

2

H,0
NH;

+

NH,

\_

NH;

3

NH, NH,
H,O
NH, O [_> NH, NH, H

OH - . OH
NH, NH, NH,4

H,0 ) H,0 )
OH OH

. +
NH, NH, NH,

NH;

NH," /

RINFINA LANNMINARBI(TLALNRANA)

dabunu(szaaune)

fanlgunudeduneluszduoumea (sxduayanso)

Tuuiwwas

WatANNIA

NH, + H,0 <> NH, + OH

NH, + HO <> NH,’ + H,0

(H,0" + OH—> 2H,0, NH; + H,0° <> NH, +

tﬁ. =)
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