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The purposes of this research were to develop “chemical bonding” learning units
incorporating an elicitation strategy for high school students and to explore the effectiveness of
these units for students with respect to scientific concepts, metacognitve ability, integrated
science process skills and attitudes toward chemistry. The research methodology was based
on a plan using two main stages which were preparatory and confirmatory.

During the preparatory stage, the learning units which composed of the Teacher Guide
Book and the Student Book were developed and the content was verified as appropriate and
validated by three experts. Overall results of the verification suggested that the Teacher Guide
Book and the Student Book were at a high level of appropriateness and each was self
consistent with the other. Subsequently, the learning units were implemented in a field trial
study with a class of 32 tenth grade students from Singburi School in the first semester of the
2552 B.E. academic year. Furthermore, the research instruments consisted of: (1) the chemical
bonding concept test, (2) the metacognitive inventory, (3) the Test of Integrated Science
Process Skills Il (TIPS Il), and (4) the attitudes toward chemistry questionnaire which were
developed to obtain the quantitative data. In addition, the opinions of the teachers and students
toward the learning units were also collected for use as qualitative data. Results from this
development phase using these research instruments found that the chemical bonding concept
test had a reliability of .92, the metacognitive inventory had a reliability of .72, the TIPS Il had a
reliability of .81, and the attitudes toward chemistry questionnaire had a reliability of .91.

During the confirmatory stage, the learning units were used to test for effectiveness
with a class of 36 tenth grade students from Banmi Wittaya School in the second semester of
the same academic year; and, the subsequently modified research instruments were used then
for collecting data to test whether the research hypotheses were supported. Results of the
confirmatory stage indicated that mean scores for: (1) chemical bonding concepts, (2)
metacognitive ability, and (3) science process skills after the instruction were significantly
greater than the cutting score at .05 level of significance. However, attitudes toward chemistry

of the students were only at the medium level.
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CHAPTER ONE

INTRODUCTION

Background

A major goal of science teaching is to help students understand natural
phenomena, and the scientific principles and theories used to explain them. This goal is
difficult to achieve because many phenomena are complicated to perceive and the scientific
principles used to explain them are often abstract and complex (Collette; & Chiappetta
1994: 56). Chemistry is regarded by many students as a highly abstract and complex
subject (Johnstone. 2000: 9; Gabel. 1999: 548). So students from middle school to
college level find chemistry is a difficult subject (Nakhleh. 1992: 195). Lythcott (1990: 250)
reported that students may answer correctly some questions on parts of a chemical concept
but they lack a complete understanding of that particular concept.

Chemical bonding is a central concept in chemistry (Taber. 1993: 2; Nicoll.
2001: 708; Taber; & Coll. 2002: 213-214; Levy-Nahum; et al. 2007: 580). Chemistry is a
subject concerned with the properties and reactions of substances. Substances are often
understood in terms of combination of particles involving atoms and molecules, and the
nature of the bonding between particles is related to the chemical and the physical
properties of the substance. Chemical reactions involve breaking and forming of chemical
bonds. The relative bond strengths in reactants and products are the key point to
determine thermodynamics and equilibrium position of the reaction process (Taber; & Coll.
2002: 213-214). Before understanding reaction process of the substance, the students
must first appreciate how molecular structure effects the molecular interaction, what
electronegativity is, what is polarity, and why some types of bonds are more prone to attack
each other (Nicoll. 2001: 707-708). However, because concepts in chemical bonding are
far from the daily experiences of students; for example one cannot see an atom and its
reactions, and so many students have difficulty understanding these concepts in chemical
bonding; and as a result, alternative conceptions are easily formed (Tan; & Treagust. 1999:
75; Coll; & Taylor. 2002: 175; Taber; & Coll. 2002: 214; Unal; Calik; Ayas; & Coll. 2006:
144; Gabel. 1999: 548).



Numerous studies have revealed students’ alternative conceptions concerning
chemical bonding. Researchers have found that students hold alternative conceptions on:
(1) the application of electronegativity and intermolecular forces (Taagepera; et.al. 2002:
760); (2) the ability of ionic compounds to exist as discrete molecules as do covalent
compounds (Barker; & Millar. 2000: 1196); and (3) the relationship between the chemical
bond and energy (Boo. 1998: 576). This is similar to the situation in Thailand, where
Tasana Chantanapitan (1997) surveyed students’ concepts on molecules by using open-
ended question. The study found that high school students in Bangkok had alternative
conceptions about the size, shape, mass, intermolecular force and energy of molecules.
Taber; & Coll (2002: 214-215) summarized four characteristics of learner’'s alternative
conceptions relating to chemical bonding.  Firstly, learners hold an incorrect and
inappropriate rationale for why bonding should occur. Secondly, learners see all bonding
as involving discrete molecules, and do not understand the nature of ionic and metallic
bond and giant covalent structure. Thirdly, learners may discount from the category of
“bonding” anything which does not fit the description of “electron sharing” or “electron
transfer.” And fourthly, learners may be unable to make sense of intermediate bond type
(e.g., polar bonding). Importantly, students’ alternative concepts were resistant to change
despite after the instruction (Nicoll. 2001: 707; Moyer; Hackett; & Everett. 2007: 10).
Students’ alternative concepts are an important factor in learning science and contribute to
students’ failing to learn science with understanding (Smith. 1987: 424). Learning in
science has to be shifted from a descriptive and socially practical science to a more
conceptual one (Fensham. 1988: 13; Smith; Blakeslee; & Anderson. 1993: 111).

According to a constructivist perspective on learning, people construct their own
meanings from what they experience, rather than acquiring knowledge from other sources
(Bennett. 2003: 25). Teachers cannot assume that their students come to classes without
any preconceived ideas about a topic and act like they are ‘blank slates’ (Bodner. 1986:
876). Students may have strongly held beliefs, uncertain notions and relatively separated
ideas (Taber. 2002a: 2-3). Sometime, students may have not only alternative concepts in
science classroom but also entrenched attitudes influence subsequent learning (Scott;
Asoko; & Driver. 1992: 325; Laforgia. 1988: 407-408). In other words, development of
cognitive ability alone is not enough so the ultimate aim of science education should include
a change of attitude. Particularly in the context of chemistry, developing positive attitudes

towards chemistry in addition to other cognitive outcomes should be considered. The lack



of attention to the students’ attitudes may cause some unexpected consequences (Menis.
1983: 190; Koballa; & Crawley. 1985: 222). For example, when science is more advance
and seemingly far from their daily life, the students may lose interest in science (Aiken; &
Aiken. 1969: 295; Bybee. 2008: 123; Gardner. 1975: 1).

Science can be seen as two points of view which are the body of knowledge and
the process of producing knowledge including (1) thought processes, (2) skills acquisition,
and (3) changing attitudes, so learning science should be seen as relating to the latter
rather than the former (Moyer; Hackett; & Everett. 2007: 4). Learning chemistry has to
focus on concept learning and science process skills, because concept learning involves
not only adopting new ideas, but also modifying or abandoning pre-existing ones.
Importantly, science process is used by learners for actively understanding that concept
(Erduran; & Scerri. 2002: 19). Blank (2000: 487) indicated that conceptual learning also
requires a metacognitive experience because this experience helps students value when
they discuss “how they know” and “‘why they know.” When there are no connection
between science ideas and science experiences, the complete and accurate science
understanding may not be developed. Metacognitive ability helps students to develop an
understanding of learning goals so instructors should include instruction on relevant thinking
strategies in their courses (Rickey; & Stacy. 2000: 915-917). However, students’
metacognitive ability has been ignored by teachers even though this kind of knowledge was
believed to interfere with other learning outcomes (Victori. 2004: 1). Therefore, to improve
learning outcomes, the enhancement of metacognitive ability should be viewed (Gunstone.
1994: 134).

Scott; Dyson; & Gater (1987: 7-8) summarized key ideas in learning science as
following; (1) learning outcomes depend not only on the learning environment but also on
the prior knowledge, attitudes, and goals of the learners; (2) learning involves the
construction of knowledge through experience with the physical environment and through
social interaction; (3) constructing links with prior knowledge is an active process involving
the generation, checking, and restructuring of ideas or hypotheses; (4) learning science is
not simply a matter of adding to and extending existing concepts, but may involve their
radical re-organization or conceptual change; (5) constructed meanings can be accepted or
rejected; and (6) learners are not passive individuals but are purposeful beings; learners
can set their goals and control their own learning (Scott; Dyson; & Gater. 1987: 7-8). In
other word, learning should be seen as an active, interactive, connective process requiring

changes of varying kinds such as addition, linkage, rearrangement and exchange (Hewson;



Beeth; & Thorley (1998: 199). This type of learning is regard as ‘learning as a conceptual
change’ (Posner; et.al. 1982: 214-223).

Conceptual change can produce productive answers for those questions where
students fail to learn what teachers try to teach. This alternative conception forms students’
perceptions and interpretations which may not be addressed by school science. Alternative
concepts in the planned instructional process could end up being reinforced (Anderson.
2007: 12-13; Carey. 2000: 17-18). Otherwise, they may persist for many years of study
(DePosada. 1997: 445- 446; Unal; et.al. 2006: 146). The student may reject the more
appropriate scientific concepts even though they may use them to pass the exam. The
goal of science teaching, teaching for understanding, cannot be achieved without a
diagnosis of students’ initial understanding of content knowledge so teachers and science
educators should be aware of the importance of conceptual change. Simply determining
students’ alternative concepts is not enough to ensure conceptual change. There has been
a call for the development of new teaching strategies that focus on overcoming that
alternative concept (Boo. 1998: 578; Levy-Nahum; et.al. 2007: 580).

In order to overcome alternative concepts, science educators have created or
adapted new research practices and conceptual tools to analyze student learning in science
classrooms during the past three decades (Anderson. 2007: 3). For instance, Nakhleh
(1992: 195) adopted specific conceptual questions to probe alternative concepts. The goals
of the conceptual questions were: (1) to detail a more accurate estimation of students’
cognitive structures and understanding the concepts; and (2) to gain an appreciation of how
meaningful the learning process is. The recent research focused on improving students’
conceptual knowledge by using conceptual questions rather than algorithmic questions.
The conceptual questions are used to tap students’ understanding of chemistry which
involved three forms of the representations: macroscopic, microscopic, and symbolic-used
with information. These conceptual questions should challenge students’ understanding
and evaluate their understanding. The questions were separated into three broad
categories: recall, algorithmic, and higher order but only higher order questions were the
most important for probing students’ conceptions (Nurrenbern; & Robinson. 1998: 1502-
1503). Ruiz-Primo; & Furtak (2007: 57-84) proposed a model by using informal formative
assessment for teachers to help students improve their learning on properties of matter.
The model consists of Elicit-Student responds-Recognizes-Uses the information (ESRU).
According to the ESRU model, the teacher produced a question designed to elicit a

particular piece of information from the student, the student responds, the teacher



recognizes the students’ response, and the teacher then uses the information collected to
improve student learning. The ESRU model is an important way for teachers to interpret
and act immediately in response to their student’s incorrect or unexpected questions.
Eliciting questions have the potential to initiate a sequence of the model as well as to
provide information on a status of the student conceptions. Therefore, eliciting student
ideas is an effective strategy in the teaching sequence, so teaching with elicitation strategy
can be adopted as an effective tool in helping students to learn with understanding and
avoid developing alternative concepts (Moyer; Hackett; & Everett. 2007: 7). It is essential
to have students’ existing ideas drawn out clearly through elicitation in the science
classroom. If the new ideas have never clarified by the student compared with the
student’s prior ideas, then the student may fall back on a more strongly held intuitive idea
(Scott; Asoko; & Driver (1992: 318). That is one weakness of traditional instruction. Often
the traditional instruction was based on the following premises: (1) there was no student’s
prior idea for comparison, and (2) there was no encouragement to arrive at an integrated
understanding (Teichert; & Stacy. 2002: 467). A study of Gallagher in secondary and
tertiary level science classes in the United States, Australia, South Africa, Brazil, Taiwan,
and Thailand over the past 15 years, found that a didactic teaching approach was used
where students were taught through lecture, reading, and problem solving exercises while
scientific practices were additionally taught through structured laboratory experiments.
However only a small portion of class time is devoted to helping students make sense of
new information and connect though scientific knowledge (Gallagher. 2000: 311). Since
chemistry education has grown tremendously and “chemical bonding” is a central chemistry
topic, the focus in this research program has been on improving chemistry teaching in
Thailand by developed “chemical bonding” learning unit incorporated with elicitation strategy
using the results of elicitation of each phase of the 5Es instructional model as a part of
formative assessment.

The results of previous studies on concepts and alternative concepts within
chemical bonding inspired the researcher to survey Thai students on their concepts and
alternative concepts in chemical bonding. In order to ensure that Thai students have
problems on these aspects, 64 high school students who had already learned these
concepts were tested with the open-ended questions. The survey found that the students
held various alternative interpretations for every concept on chemical bonding e.g., ionic,
covalent, and metallic bonding. Based on students’ conceptual problems concerned with

chemical bonding and the need for new teaching strategies to deal with it, this study



introduced learning units incorporating the elicitation strategy. The learning units provided
ways to teach and learn chemistry which prevented students from developing alternative
concepts during the instruction. The learning units empowered students to check carefully
their own understanding and gained some controls over their learning process with the aim
of increasing the level of scientific knowledge and understanding on chemical bonding as
well as increasing levels of metacognitive ability, process skills, and attitudes toward
chemistry. With regard to the effectiveness of the developed learning units, positive

impacts on the learning outcomes were expected.

Objectives of the Study

The research objectives were:
1. To develop learning units incorporating elicitation strategy in the context of
chemical bonding for high school students in Thailand.
2. To determine the improvement in student learning outcomes on these
following areas:
2.1 Students’ scientific conceptions
2.2 Students’ metacognitive ability
2.3 Students’ science process skills

2.4 Students’ attitudes toward chemistry

Research Question

What are the effects of the proposed learning units on the following learning
outcomes: student scientific conceptions, metacognitive ability, science process skills, and

attitudes toward chemistry?

Significance of the Study

Chemical bonding is a complex concept in chemistry that students often have
problems and developed a wide range of various alternative conceptions. Varying concepts
some appropriate and others inappropriate concerning chemical bonding are held by
students in Thailand as well as many other countries. To address common alternative

concepts concerned with chemical bonding, the development of learning units with an



effective instruction method on chemical bonding for high school students was the primary
goal of this study. The elicitation strategy was used as a mean of checking students
continuously throughout the instructional process in these developed learning units. It
placed the responsibility for the students to make their variously held concepts explicit
before, during, and at the end of the instruction. The outcomes of the learning units were
improvement in students’ scientific concepts, metacognitive ability, science process skills,

and attitudes toward chemistry.

Scope and Limitation of the Study

The scope and limitation of this study were as following:

1. Content topic for this study is chemical bonding. The scope of chemical
bonding concepts followed Thailand’s Basic Education Curriculum, B.E. 2544. Chemical
bonding concepts were classified based on the main ideas from the teacher handbook of
the Institute for the Promotion of Teaching Science and Technology (IPST. 2001: 69-77).
Chemical bonding concepts are normally taught for 24 periods for high school students.
The high school students can learn at either the first or second semester depending on the
school curriculum. In this research, the participating students of the preparatory stage were
high school students who learned chemical bonding at the first semester while the
participating students of the confirmatory stage were high school students who learned
chemical bonding at the second semester.

2. Participating teachers: there were two participating teachers who had
experiences, for at least ten years, in teaching chemistry to high school students. One,
from Singburi School in Singburi province, was prepared for a good understanding of the
learning units as well as the role of teachers and then taught in preparatory stage (the first
semester of 2552 B.E. academic year). The other, from Banmi Wittaya School in Lopburi
province, was prepared in the same way and after all instructions taught in confirmatory
stage (the second semester in the same academic year).

3. Participating students: participating students were high school students
from Singburi School and Banmi Wittaya School. During the preparatory stage, a class of

36 participating students from Singburi School was taught by the participating teacher (the

first semester of 2552 B.E. academic year). During the confirmatory stage, a class of 32



participating students from Banmi Wittaya School was involved in the process (the second
semester in the same academic year).

4. Ways to assess dependent variables were based on the adopted
methods as follows:

4.1 Students’ scientific concepts were assessed by concept test on
chemical bonding developed by the researcher. The concept test consisted of 12 items and
32 sub-items.

4.2 Students’ metacognitive ability was assessed by metacognitive
intervention in the context of chemical bonding developed by the researcher. The
metacognitive intervention consisted of 3 cognitive tasks. Two cognitive tasks assessed
students’ mecognitive knowledge while one cognitive task assessed students’ metacognitive
control.

4.3 Students’ science process skills were assessed by the Test of
Integrated Process Skill 1l (TIPS Il). The TIPS Il was originally developed by Burns and his
colleagues (1985). In this study, only four aspects of the integrated process skills were
adopted for use in this study including: (1) defining operation, (2) formulating hypotheses,
(3) defining operation, and (4) designing investigation; therefore, total items of the test
which was used in this study was 30.

4.4 Students’ attitudes toward chemistry were verified by attitudes
toward chemistry questionnaire. The questionnaire was developed by the researcher. The
questionnaire consisted of 39 statements divided into 4 aspects as following: the
importance of chemistry in daily life, easy-difficulty perspective on chemistry, the interest of

chemistry, and the usefulness of chemistry for further career.

Variables of the Study
1. Independent variable: using the learning units incorporated with elicitation
strategy in the context of chemical bonding.
2. Dependent variables: student learning outcomes
2.1.1 Students’ scientific concepts
2.1.2 Students’ metacognitive ability
2.1.3 Students’ science process skills

2.1.4 Students’ attitudes toward chemistry



Definition of Terms

1. The learning units — The units of structuring were a science lesson that
incorporated the elicitation strategy. This approach required students to reflect on their own
prior knowledge (scientific and nonscientific), reviewed and applied the learned content.
The learning units used in this study consisted of five phases:

1.1 Engagement - an instructional event that students were queried by
answering an Elicitation-1 activity which was a way to make students’ preconceptions
known explicitly. Besides that, teacher might ask students a probing question, define a
problem, or show a discrepant event. This phase helped students become mentally
engaged in the big ideas or concepts of the lesson and to become more aware of their own
concepts before learning.

1.2 Exploration - an instructional event that gave students common,
concrete experiences that began building concepts, processes, and skills. During the
learning process, concrete and hands-on activities were used and the teacher acted as
facilitator.  After investigating and exploring, students experienced with an Elicitation-2
activity which asked students to record their current understanding on a learned concept.
Students’ concepts might be revised, added, or deleted as the students wrote down their
ideas. This phase made students become aware of their own ideas.

1.3 Explanation - an instructional event where students put their
explanations that were based upon prior knowledge or provided experiences to reinforce
and strengthen their understanding. At the beginning, teachers introduced concepts,
processes, or skills leading students toward a deeper understanding of key concepts. The
teacher then asked students to write down their explanation about a chemical phenomenon
on Elicitation-3 activity. The concepts of Elicitation-3 activity were related to the main
concepts of Elicitation-1 and 2 activities. The Elicitation-3 activity, however, challenged
students to explain the phenomenon more deeply and also asked students to clearly
connect the explanations to experiences.

1.4 Elaboration - an instructional event where teachers challenged and
extended students’ conceptual understanding and skills. In some cases, students might
have alternative conceptions. Exploration activities provided further time and experiences
that contribute to learning. The teacher asked more extended concept questions in order to

make students transfer and apply their understanding to different situations. Through new
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experiences, the students developed deeper and broader conceptual understanding,
improved process skills, and improved their metacognitive ability.

1.5 Evaluation - an instructional event that provided opportunities for
teachers to evaluate how well students progress toward achieving the learning objectives.
Not only teacher but students also had the opportunity for evaluating themselves. In this
phase, the students experienced with Elicitation-4 activity. The activity asked students to
look at their answer in Elicitation-1, 2, and 3 activities; then, they had a chance to revise
their answers with a red pen on elicitation activity. During the revision, the teacher
reminded the students to look at the development of their scientific concepts over time.
This phase determined if students still held alternative concepts and how their concepts had
been changed over time and also determined how aware students were.

2. Elicitation strategy - the instructional process which involved drawing out,
bringing out or asking students before, during and at the end of the instructional process in
order to obtain information. The information related to the students’ concepts were made
explicitly in order to reflect students’ learning. The purpose of the elicitation strategy was to
ensure that: (1) students made known their concepts explicitly and were able to check
progressive understanding of scientific conceptions over time, and (2) students realized the
difference, strength, or weakness of their conceptual development over time so they could
maintain attention to the task, perceiving ambiguities, sorting out relevant from irrelevant
information, determining a purpose of task, and regulating the development for themselves.

3. Preconceptions — all of the ideas and metacognitive ability about particular
concepts, skills, and attitudes that student held before the intervention. In this study, only
the ideas that students brought to class before the intervention were named
preconceptions.

4. Scientific conceptions — an idea that agrees with or is accepted by
scientific community. In this study, scientific conceptions concerned those in the areas of
chemical bonding and included these following sub-concepts: ion formation, metallic
bonding, ionic bond, ionic compound, covalent bond, covalent compound, nomenclature,
bond strength, bond energy, resonance, molecular shape, electronegativity, polarity,
intermolecular force, properties of ionic, covalent compound, and covalent network solid.
Students’ scientific conceptions were determined by using a chemical bonding concept test.

5. Alternative conceptions — student’s ideas of chemical bonding concepts

that do not agree with accepted scientific views. In this study, the source of alternative
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conceptions might come from personal experience or previous science instruction.
Changing these conceptions or conceptual change meant overcoming the prominence of an
alternative concept by modifying the domain, displacing, and replacing the alternative
concept with the scientific one.

6. Students’ metacognitive ability — the ability to explicitly think about
concepts and conception processes which are metacognitive knowledge and metacognitive
control. Metacognitive knowledge includes declarative knowledge, procedural knowledge
and conditional knowledge. Metacognitive control is the cognitive processes that students
use to monitor, control, and regulate their cognition and learning including planning,
monitoring, and evaluating. Students’ metacognitive ability was determined by using a
metacognitive inventory.

7. Students’ science process - the acquisition of investigative skills that are
often associated with scientific inquiry. Students’ science process skills were assessed by
using the Test of Integrated Process Skills Il (TIPS II) (Burns; et. al. 1985: 169-177). Four
aspects of the integrated process skills were adopted for use in this study including: (1)
defining operation, (2) formulating hypotheses, (3) defining operation, and (4) designing
investigation; therefore, total items of the test which was used in this study was 30.

8. Students’ attitudes toward chemistry — an individual’s viewpoint or
disposition toward chemistry with respect to the chemistry learning experience. In this
study, students’ attitudes toward chemistry were divided into four categories which included:
the importance of chemistry in their life, easy-difficulty perspective on chemistry, the interest
of chemistry content, and the usefulness of chemistry for further career. Students’ attitudes
toward chemistry were determined by using the attitude questionnaire with the 39
statements that used a five-point Likert scale ranging from ‘strongly agree’ to ‘strongly
disagree.’

9. Cutting score — the score used as a criterion to distinguish a student as
master or nonmaster in chemical bonding concept test, metacognitive intervention, and

science process test after participating throughout the learning units. The cutting score was

determined by Berk’s method (Berk. 1976: 4-9).
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Conceptual Framework of the Study

The ideas of a student play an important role in the science instruction. The
learning units would address a student’s alternative conceptions when a teacher had
incorporated the process of planned formative assessment. Planned formative assessment,
in this study, comprised three phases which were elicitation, interpretation, and action.
Students’ ideas had been elicited and interpreted before students began learning the next
phase of learning processes. Taking action was done by giving feedback to students.
Practically, feedback was given by teachers to individuals or a group of students. The
ultimate goal of the study was that after participating in the intervention, students were
expected to gain scores higher than cutting scores in the following assessments: the
scientific concepts, metacognitive ability, and science process skills. Student’ attitudes
toward chemistry mean score were at the high level. An overview of the conceptual

framework for the study is illustrated below:
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Research Hypotheses

FIGURE 1 CONCEPTUAL FRAMEWORK OF THE STUDY

1. The mean score for a student’s scientific concepts was higher than the scientific

concept cutting score.

2. The mean score for a student's metacognitive ability was higher than the

metacognitive ability cutting score.

3. The mean score for a student's science process skill was higher than the

science process skill cutting score.

4. The mean score for a student’s attitudes toward chemistry was at the high level.




CHAPTER TWO

REVIEW OF THE LITERATURE

The literature reviews related to the development of learning units incorporated

with an elicitation strategy consist of several topics. Each topic provides the theoretical and

methodological framework to develop the learning units for improving students’ learning

outcomes. The topics of the literature reviews are as follows:

1.

2.

8.
9.

Constructivism

Conceptions

. Conceptual Change

. Students’ Alternative Conceptions
. The 5Es Instructional Model

. Elicitation

. Metacognition

Science Process Skills

Attitudes toward Chemistry

10. Educational Assessment

1. Constructivism

Constructivism means the students construct the understanding from their

experiences which relevant to the concepts, belief and skills (Gunstone. 1994: 132). The

topics related to constructivism which are transmission view of learning, significance of

students’ idea,

origination of constructivism and constructivist practical issues are

summarized as followed.

1.1 Transmission View of Learning
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Educational researches have rejected the view that students are a tabula
rasa or a blank slate because, by doing this, teachers’ role was to transfer knowledge to the
students and let them read through their notes before the examination to accumulate
knowledge as much as possible. This view of learning is called “the transmission view of
learning.” The transmission view of learning was a list of things in curriculum and students
simply were taught by adding a lot of information to their memory (FIGURE 2). Science
was presented as catalogue of ‘facts’ and students were guided by instructions or
worksheets from teachers without much interaction. The interactions between the teacher
and students were a teacher asking a series of closed questions and students try to answer

teacher’s question (Scott; et.al. 1987: 4-5).

Information Information Information

Student
Teacher Y Student Teacher

FIGURE 2 THE TRANSMISSION VIEW OF A LERNING

Source: Scott, P.; Dyson, T.; & Gater, S. (1987: 4). A Constructivist View of
Learning and Teaching in Science. Leeds: Centre for Studies in Science and Mathematics

Education Children's Learning in Science Project (23 pages), June 1987.

1.2 Significance of Students’ Idea
The most significant conceptual learning in science can be traced back to
the developmental psychology of David Ausubel (1968: vi). In his text Educational
Psychology: A Cognitive View was identified the important role of prior knowledge in
learning: “If | had to reduce all of education psychology to just one principle, | would say
this: The most important single factor influencing learning is what the student already
knows.” In other words, students’ conceptual development is influenced by what students

already know (Scott; et.al. 2007: 32). What students already know or students’ prior
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knowledge involves in the instruction in this manner: (1) student’s prior knowledge is a very
important variable in educational psychology, (2) the degree (of content and organization) of
students’ prior knowledge must be known or measurable for the achievement of optimal
learning, and (3) a learning situation depends on the level of students’ prior knowledge
(Dochy. 1995: 382-387).

Modern research suggested that students construct new meanings by
combining new information with what they had already known (Baird; & White. 1996: 160;
Moyer; Hackett; & Everett. 2007: 11; Taber. 2002b: 5). What students already know
sometime may not relevant to the scientific conceptions (Taber. 2002b: 7-8); as a results,
(1) the new learning may successfully replace the old ideas without problems; or (2) the
students may see that new science ideas are unrelated to their previous knowledge. In this
manner, science that has been learned will be stored separately from the existing ideas

(Taber. 2002a: 3).

1.3 Origination of Constructivism

From 1920 until late in the 1970s, Jean Piaget, Swiss biologist, heavily
influenced the field of cognitive development. Piaget is the first constructivist in the sense
that knowledge is constructed in the mind of the student. Students construct knowledge by
organizing, structuring, and restructuring to their experiences (Bodner. 1986: 874). Piaget
viewed learning as an active process in which the student compares and contrasts between
new experiences with their prior experiences. If an earlier experience cannot explain a new
one, the students will experience puzzlement. Puzzlement is seen as cognitive
disequilibrium. When cognitive disequilibrium occurs, the students then may modify their
thinking to a personal conclusion called equilibration. Equilibration is the process by which
the students learn by altering or adapting a mental structure. The adaptation occurs
through assimilation and accommodation. Assimilation occurs when students compare the
new experience with an earlier one. The new experience is then incorporated or

assimilated into their existing knowledge. Accommodation, on the other hand, occurs when
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students encounter a new experience; however, both assimilation and accommodation are

dynamic processes and occur together rather than in isolation (Moyer; et.al. 2007: 7-8).

1.4 Constructivist Practical Issues
Student, teacher, timing, and assessment play an important role in

constructivist practical issues. These issues are summarized as followed.

1.4.1 Students

Students as active learners come to science class with already
holding ideas about natural phenomena (Scott; et.al. 1987: 7; Driver. 1987: 98). Scott and
his college emphasized that teachers should not ignore students’ idea in the science
instruction. To do so, during the instruction, students should be asked to: (1) develop their
own theories, (2) compare the theories with those of other students via discussion, and 3)
summarize and display their theories on posters (Scott; et. al. 1987: 16-19). The study
done by Uzuntiryaki (2003: 1-12) reported that a constructivist's learning is effective in the
classroom setting. Uzuntiryaki conducted a constructivist learning approach on 9th grade
students on chemical bonding conceptions. Students in the experimental group were taught
using a constructivist approach while students in the control group were taught using a
traditional approach. In the experimental group, students earned significantly higher scores
on the chemical bonding concept post-test than the control group. Uzuntiryaki also
emphasized that chemistry instruction should address the development of scientific

knowledge through consideration of students’ existing ideas.

1.4.2 Teacher
Compared to a traditional learning, the role of the teacher in a
constructivist classroom is very different. In constructivist classroom, the teacher’s role is to
help their students develop existing knowledge (Taber. 2002b: 10). Teacher becomes a
diagnostician, prescriber of appropriate learning activities, and facilitator of learning. To act

as a diagnostician and prescriber, the teacher should set up an activity, take note of how
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the students respond to it, and then prescribe the next activity based on the student’s
response. Importantly, the teacher must shift his/her focus from whole class to the
individual more frequently (Scott; et.al. 1987: 16-19). To act as a facilitator, the teacher
should shift from standing in front of the class to facilitating students’ learning (Bodner.
1986: 876-877). In summary, what teachers should do in constructivist teaching are
summarized as followed: (1) aware of students’ ideas and attempt to elicit such ideas; (2)
define conceptual goals of learning and see how students progress toward the goal; (3) use
teaching strategies which involve challenge the ideas to make new ideas accessible; (4)
provide opportunities for the students to utilize new ideas; and (5) cultivate a classroom
atmosphere which encourages students’ discussion (Appleton; & Asoko. 1996: 167). In
addition, the teacher should use experiments, models, and dialogue to guide the students in
constructing, incorporating, and connecting between new knowledge and prior knowledge

(Georgiadou; & Tsaparlis. 2000: 220).

1.4.3 Timing
Practically, teaching method based upon constructivist view or
eliciting student ideas are used much more time consuming. Particularly, a new teacher for
the constructivist approach may assume that there is not enough time to accomplish all of
the learning tasks. Scott and colleges (1987: 16-19) suggested one possible solution is that
students should be introduced to constructivist methods at an early age because the ideas
introduced by this method would be better understood, more meaningful, more familiar later

in time.

1.4.4 Assessment
Traditional assessment tends to treat students’ responses as either
correct or incorrect. A constructivist view, on the other hand, recognizes that students do
not simply exchange an incorrect set of ideas for the scientific or “correct” view because
students’ ideas are developed over time. Therefore, assessment techniques which allow

teachers to monitor and give credit for students’ progression should be a broader range of
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assessments. The broader range of assessment will provide a useful picture, for the
teacher, of their students’ progress in understanding. These techniques may be probing
students’ understanding which includes concept maps, card sort tasks, analyzing students’
written work, and diagnostic questions (Scott; et.al. 1987: 16-19).

In conclusion, constructivism is a theory of learning which stressed
that learning is a process of constructing meaning, rather than receiving knowledge. The
knowledge is the meaning that students make out of their experience, and they construct
meaning as they interact with the word. When students actively construct meaning and
knowledge based on their prior knowledge, previous experiences, and perspective, a
constructivist approach to instruction should be asserted in order for students to gain deep
understanding and actively come to know concepts for themselves. The role of teacher in

term of classroom assessment must change to provide a useful way for students’ learning.

2. Conceptions

Ways to represent the knowledge can be seen as ‘schemas’ and ‘concepts’ (or
categories). The schema is a dynamic mental representation of what one knows about
objects, events, and ideas. The boundary of schema is still fuzzy and flexible because the
schema is specifies the dimensions along which members differ from one another and
orders the members in terms of typicality (Kellogg. 1995: 196-197). The concept is a way
of breaking up the world into bits that can be recognized and thought about (Table. 2002a:
11). In this literature review, the various definition of conception, the types of conceptions,

and how people acquire the conceptions are illustrated as followed.

2.1 Definitions and Types of Conceptions
Concept is defined as a mechanism enabling a person to categorize
objects or events. Concepts can be categorized into identity concepts and equivalent
concepts. ldentity concepts involve categorization of different forms of the same thing. For

example, people could recognize the faces of their high school classmates with 90%
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accuracy after 34 years since high school. Equivalent concepts involve three different types
of different stimuli as following: (1) Rule-governed concepts specify the features and
relations of membership in the class such as the definitions of real numbers, gravity, grand
larceny, concepts of mathematics, science law, and discipline of human thought; (2) Natural
concepts represent objects and events in the real world such as a family resemblance
structure and relations constitutes; and (3) Ad hoc concepts are groupings of objects and
events that satisfy some specific task requirement such as ‘things for a picnic’ or ‘things for
killing a huge spider (Dodd; & White. 1980: 152-183; Kellogg. 1995: 171-173; Taber.
2002a: 11). However, concepts themselves must consist of a name and their abstracted
criteria attributes, because the abstracted criteria attributes are common to a given category
of objects, events, or phenomena, and names can be manipulated, understood, and
transferred more readily (Ausubel; Novak; & Hanesian. 1978: 86-87).

In addition, Carey (2000: 14-15) stressed that concepts are units of mental
representation such as object, animal, alive, heat, weight, and matter. Individual concepts
can be connected to build complex representational structures such as propositions (e.g. all
animals die) and theories (e.g. the theory of natural selection). Carey also pointed out that
within a particular representational structure, concepts help us to make inferences and
explain complex ideas. Nakhleh (1992: 191) concluded that concepts are the set of
propositions that a person uses to infer meaning for a particular topic. To construct the
concepts, students can use information from public knowledge such as presented in texts or

lectures, and informal prior knowledge such as everyday experiences, parents, peers,

commercial products, and the common meaning of the scientific term.

2.2 Concept Acquisitions
Ausubel; et.al. (1978: 86-93) described how concepts are acquired through
meaningful representational learning. This process depends on the existence of a
meaningful learning set and on relating the potentially meaningful criteria to relevant
student’s cognitive structure. The researchers distinguished between two principal types of

concept acquisition, namely, concept formation and concept assimilation.  Concept
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formation is characteristic of the preschool child’s inductive and spontaneous (untutored)
acquisition of generic ideas (e.g., house and dog) from concrete-empirical experience. A
process of concept assimilation, on the other hand, is the process that older (school age)
children, adolescents or adults acquire new concepts. That is, they learn new conceptual
meanings by being presented with the criteria attributes of concepts and by relating these
attributes to relevant established ideas in their cognitive structures. Three different age
groups have different effects on concept acquisition as following: (1) during the preschool
and early elementary-school years, concepts are primarily acquired by a process of
meaningful, hypothesis-oriented concept formation; (2) during the later elementary-school
years, concrete-empirical props (tangible, perceptible, or verbal example of the attributes)
are necessary for concept assimilation. This process occurs when the criteria attributes of
the concept are presented, by definition or context, and then related directly to the student’s
cognitive structure (secondary concepts); and (3) beginning with the junior-high-school
period, the student can dispense with these props by directly relating the presented criteria
attributed to his or her cognitive structure. From this point of view, with increasing age,
concepts tend to: (1) to consist more of higher order abstractions; (2) to exhibit more
precision as well as differentiation; (3) to be acquired more often through concept
assimilation than through concept formation (except in creative persons, concepts formation
is a relatively rare phenomenon after the age of abstract logical operations); and (4) to be

accompanied by awareness of the conceptualizing operations involved.

3. Conceptual Change

Conceptual change perspective has the longest history and the most influence
within the science education community. Many of its methods are based on the
developmental research of Jean Piaget, because Piaget’s theory recognized the importance
of students’ thinking on how students understand natural phenomena in the world
(Anderson. 2007: 7). Based on the constructivist perspective of Jean Piaget, learning is

seen as an active, interactive, and connective process. The constructivist perspective often
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requires change of different kinds such as addition, linkage, rearrangement and exchange
and is called ‘learning as conceptual change.” The conceptual change in learning has two
major components which are conceptual ecology and conceptual status (Hewson; &
Thorley. 1989: 541; Hewson; etal. 1998: 199-200). The conceptual status is the
conditions which students’ understanding in accommodation occurs. The conditions of
conceptual change model are consisted of four aspects summarized as follows: (1) students
must be dissatisfaction with existing conceptions because scientists and students are likely
to make conceptual change when they see their existing conceptions will not work; (2) a
new conception must be intelligible to students, or students can understand or grasp the
meaning of new conceptions; (3) the new conception must appear initially plausible, or new
conception must have the capacity to solve the problems, and to fit with other knowledge
and experience; and (4) the new conception should be a fruitful research program. That is,
it should have the potential to be extended to new areas of solving problems (Posner; et.al.
1982: 214).

Learning occurs when existing conceptions are changed. In the past, change
meant the abandonment of one conception and the acceptance of another. Conceptual
change might be replacement or addition by the different conception. Addition meant an
informed approach; an understanding of the value of the added conception in appropriate
contexts. Conceptual change involves the student recognizing his/her existing ideas and
beliefs, evaluating these ideas and beliefs and then personally deciding whether or not to
reconstruct these existing ideas and beliefs (Gunstone. 1994: 132-134). Mariana G.
Hewson (1993: 394-395) stressed that conceptions can be changed by integrating (adding)
new conceptions to fill the gaps, by differentiating (clarifying) conceptions that are confused,
and by exchanging alternative conceptions for better ones. Moreover, conceptions can be
changed by changed phenomenological schemes, because phenomenological schemes
consist of structured knowledge of phenomena represented in symbolic form. The schemes
are structural knowledge in which perceptual images linked in time and space. Therefore,
to change a person’s conception, there must be changes either in their phenomenological

schemes or symbolic representation of these schemes, or both (Driver. 1987: 100).
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3.1 The Guidelines for Conceptual Change Teaching

Hewson; et.al. (1998: 200-201) used the term ‘teaching for conceptual
change’ to mean teaching that helps students to have a conceptual change learning and
meet guidelines consistent with the conceptual change model. Based on the individual
constructivist, the guidelines of teaching for conceptual change consisted of: (1) Ideas
(students and teachers’ ideas as an explicit part of classroom discourse); (2) Metacognition
(discourse of the classroom being explicitly metacognitive); (3) Status (the status of ideas
needing to be discussed and negotiated); and (4) Justification (the justification for ideas and
for status decisions as an explicit component of the curriculum) (Hewson; et.al. 1998: 200-
201). The four guidelines are not unique; on the contrary, the guidelines are central efforts
to reform the teaching of science, mathematics, and other subjects. Learning as a
conceptual change, students’ ideas in conceptual change learning have to make explicited
because these ideas will affect students’ learning. Teachers always made their ideas
explicit in the classroom’s teaching but teachers rarely make students’ ideas an explicit
during the instruction even though they give a lot of reason for not doing so (e.g. it takes
more time; or it will confuse other students). When students’ ideas have be made
explicated, students will aware of their initial conceptions. If their ideas are never made
explicated, two possible consequences will occur as follows: (1) students may not take their
own ideas seriously and may feel as if their ideas are devalued; and (2) the basis idea is
never being addressed. Therefore, students’ ideas should be considered in similar ways to
the teacher’s ideas. Students should have the opportunity to choose between their ideas
on accepted science ideas. In this manner, students will come to recognize that the
sources of a given idea are evidences explicitly and classroom discussion not the teacher

(Hewson, P. W.; et.al. 1998: 203-204; Hewson, M. G. 1993: 394-395).

3.2 Strategies for Promote Conceptual Change
To promote conceptual change learning, Scott and college (1992: 312-314)
identified two groups of strategies which are cognitive conflict and metaphor or analogy.

Cognitive conflict is a central active part of recognizing students’ knowledge. Metaphor is
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emphasized on designing an appropriate intervention used by the teachers. For example,
Niedderer (1987: 363) proposed a science teaching method by allowing students to learn
the differences between everyday-life thinking and scientific thinking. The science teaching
method consists of six stages: (1) preparation which precedes the intervention may contain
tools and concepts; (2) initiation is the stage where students pose an open-ended problem;
(3) performance is where students have a chance to do science through science process
skills; (4) discussion of findings; (5) comparison and discussion the difference between
students’ ideas and science ideas; and (6) reflection on how students look back on their
performance and particular difficulties. Driver (1987: 101-102) proposed three different
strategies for promoting conceptual change as following: (1) a non-threatening learning
environment which students can make their ideas explicit and test out new ways of thinking
through group work, poster display; (2) using small group work that involves discussing and
representing theories or ideas on a topic, devising experiments to test their ideas,
developing more complex models to represent experiences, and applying their conceptions
in various situations; and (3) focusing on metacognition which students will reflect on their
own knowledge and how it changes. Like Driver, Scott; et.al. (1992: 326-327) pointed out a
demand for teachers to create a classroom environment in which students feel confident
and able to express and discuss their views openly. That is, teachers should be aware of
students’ ideas, conceptual pathways, be sensitive to students’ progress in learning, and be
able to generate learning tasks to support and encourage students’ progression. In short,
teacher should be able to organize and manage a classroom which will allow for all of these
happen. Besides, the research study of Frailich, M., Kesner, M., and Hofstein, A. (2009)
suggested that integrating a web-based learning into the teaching and learning process

enhanced students’ understanding chemical bonding conceptions.

4. Students’ Alternative Conceptions

Clement (1993: 1241-1242) referred to alternative conceptions (misconceptions) as

conceptions that can conflict with an accepted scientific theory. Clement centered on the
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controversy over whether use the term/phrase misconceptions, alternative conceptions,
student’s ideas, naive science, alternative framework, or something else. Clement stressed
that term misconception may suggest a negative connotation with respect to the student’s
self-constructed ideas and thought processes. However, some researchers agreed with the
use of the phrase alternative conception which can be used synonymously with the term
misconception (Boo. 1998: 569-570). In order to maintain consistency in this research, the
word alternative conception will be adopted. The topics related to students’ alternative
conceptions which are the definitions of alternative conceptions be discussed first. Then,
the discussion of a consideration of the ‘nature of chemical representation’ and why this
science area is easily and widely adopted alternative conception. Finally, the researches

on teaching chemical bonding concepts will be explored.

4.1 Definitions of Alternative Conceptions

No matter where they come from, students’ ideas that do not match
science are being ‘alternative.” Taber stressed that two terms commonly used in this areas
which are alternative conceptions and alternative frameworks. Alternative conception refers
to a single idea while alternative framework refers to a complexes or structure of related
ideas (Taber. 2002a: 5). The definitions of alternative conceptions have been raised by
researchers. For instance, ‘alternative conception’ means any concept that differs from the
commonly accepted scientific understanding (Moyer; Hackett; & Everett. 2007: 9; Mulford;
& Robinson. 2002: 739; Nakhleh. 1992: 191; Nicoll. 2001: 709; Teichert; & Stacy. 2002:
465). Alex Johnstone described alternative conceptions in term of information processing.
That is, information processing is an attempt to suggest mechanisms for learning arising
from a number of psychologists. If one tries to store material in long term memory and
cannot find existing knowledge, ‘bend’ the knowledge to fit somewhere, or try to store it
unattached. The ‘bending’ process leads to alternative frameworks or to what is
euphemistically called students’s science (Johnstone. 2000: 10-11). Nakhleh (1992: 191)
described alternative conceptions can occur if students cannot connect the new information

to their existing cognitive structure.
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4.2 Nature of Chemical Phenomena

Chemical phenomena can be referred to at three different levels which
related to each other: macroscopic, symbolic, and submicroscopic (FIGURE 3). The
macroscopic level is the observable chemical phenomena including experiences from
everyday lives (e.g., color changes, observing new products being formed and others
disappearing). The symbolic level is way to communicate by the chemists on what happen
in the molecular level including pictorial, algebraic, physical and computational forms (e.g.,
chemical equations, graphs, reaction mechanisms analogies and model kits). The
submicroscopic level is used to explain the macroscopic phenomena in terms of the
movement of particles (e.g., electrons, molecules, and atoms). All three levels of
representation are integral in developing an understanding of chemistry concepts

(Johnstone. 2000: 10-11; Treagust; Chittleborough; & Mamiala. 2003: 1354).

Macroscopic

Symbolic Sub-microscopic

FIGURE 3 THE THREE LEVELS OF CHEMICAL REPRESENTATION

Source: Treagust, D. F.; Chittleborough, G.; & Mamiala, T. L. (2003, November).
The Role of Submicroscopic and Symbolic Representations in Chemical Explanations.

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

4.3 Alternative Conceptions in Chemical Bonding
Studies on student alternative conceptions on chemical bonding have been
of interest to science educators at all levels. In chemistry, researches on student
understanding and alternative conceptions have been conducted. For instance, Peterson; &

Treagust (1989: 459) revealed that students had difficulties with understanding the bonding
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and structure of covalent molecules. The researchers used a paper and pencil test to study
grade 12 students’ understanding on eight alternative conceptions (e.g., bond polarity,
molecular shape, molecular polarity, intermolecular forces, and the octet rule). The study
found that 20-34% of the students held at least one alternative conception and 74% of the
students could not correctly apply VSEPR Theory to identify structures of molecules. Also,
the students identified intermolecular forces as bond within the molecules, and they did not
aware of the difference between the strength of a covalent bond and an intermolecular
force. Moreover, students believed that the number of electrons in the valence shell of a
nonmetal atom equals the number of covalent bonds formed by that atom. Birk; & Kurtz
(1999: 124-128) diagnosed alternative conceptions from high school students to faculty
members and determined if and when the alternative conceptions disappeared. The
researchers used the diagnostic test on covalent bonding and structure bond ( e.g., polarity,
molecular shape, polarity of molecules, lattices, intermolecular forces, and the octet rule)
developed by Peterson; Treagust; & Garnett (1989). The research found that high school
student had no understanding of molecular structure and bonding and had poor learning
experiences. First year college students began to show some understanding, but many of
them responded inconsistently to similar questions and revealed a lack of understanding.
Advanced graduate students’ and chemistry faculty’s alternative conceptions were
disappeared for the most part, but not completely. The longitudinal study done by Barker;
& Millar (2000: 1171) involved 250 students in Salter Advanced Chemistry (SAC) course.
Specific chemical ideas (e.g., exothermicity of bond formation and the development of
thinking about covalent, ionic and intermolecular bonds) were investigated. Students
responded to the same diagnostic questions. At the beginning, many students
demonstrated misunderstanding and a few of them described covalent bond accurately. By
the end of the study, half of them knew that bond making is an exothermic process.
However, the study found that the concepts of ionic bonding and intermolecular bonds
remain problematic for students despite explicit teaching. In Thailand, research done by
Tasana Chantanapitan (1997) surveyed alternative conceptions of the structure,

composition, size, shape, mass, intermolecular force and energy of molecules of 30
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students’ grad 11 in Bangkok. Open-ended questions were used followed by
semistructured interview individually. The study found that only the concepts of molecular
composition corrected, but other conceptions found alternative conceptions. The
researchers concluded that phase of substance didn’t affect the molecular composition, but
it affected the molecular energy and molecular size. Numerous examples of students’
alternative conceptions on chemical bonding were collected from a review of the literature

are outlined on TABLE 2.

4.4 Causes of Alternative Conceptions on Chemical Bonding
The sources of students’ alternative conceptions are numerous and may often
include school. Researchers identified some common sources of students’ alternative
conceptions which include: everyday language, the concept itself, textbooks, and the

difficulty in shifting between levels of representation.

4.4.1 Everyday Language

Everyday language includes anthropomorphic language. The
anthropomorphic language relies upon the way students make sense of abstract chemical
processes. Taber; & Coll (2002: 216) revealed problems associated with students’ use of
anthropomorphic language; for example, atoms own, donate, accept, and share electrons;
atoms are said to desire, need, or want electrons, and to be happy within full shells or
octets of electrons; and atoms are being jealous. Taber described that this type of talk
should be a problematic because younger students may think that atoms are alive. Another
difficulty with everyday language is the term ‘bond.” Bond can have different meanings in
different contexts. Bond in the sense of a physical link (such as a glue which holds two
pieces of materials together), need energy to make a link. Bond in the sense of human
relationships has a totally different meaning to the first one. Bond in the sense of chemistry
is the process that releases energy instead of requiring energy input. This confusion
between everyday and chemistry usage could lead the difficulties to learning chemistry

(Boo. 1998: 578). Therefore, teachers have to pay attention to language use in the
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chemistry classroom. Whenever anthropomorphic language is used, it should be followed
by more formal scientific terms. If students’ anthropomorphic terms are appeared in class,
teacher can reflect back in more technical terms, or teacher can explain terms precisely for
multiple definitions (Nakhleh. 1992: 195; Taber; & Coll. 2002: 225-230). For example, the
science book consists the sentence like ‘the high energy phosphate bond’ when referring to
ATP metabolism and ‘energy stored in the bond’ when discussing bond energy or potential
energy. To avoid creating alternative conceptions, the phrase “energy stored in a bond” be
dropped and replaced with the notion that potential energy is the ‘potential to make a bond’

(Nakhleh. 1992: 195).

4.4.2 Chemical Bonding Is Seen As a Dichotomy

In classroom practice, covalent and ionic bonds are seen as a
dichotomy (electron sharing vs. electron transfer; bonding between two non-metals, or
between a metal and a non-metal). Because most materials have bonding that cannot be
‘purely’ covalent, ionic, or metallic, rather these types of bonding are seen as ideals or
prototypes, which provide useful categories for classifying many bonds to a first
approximation’. If teachers do not discuss the electrical basis of bonding, students may
difficulty conceptualizing the bonds that form ‘in between’ ionic compounds and covalent
molecules (e.g. bond polarity). The concepts of bond polarity represented a covalent-ionic
dimension should be seen as ‘a continuum.” Teachers should begin with teaching metallic
bonding (ions, delocalized electrons), then ionic bonding (with the significance of
coordination number being emphasized as well as the need to balance charge overall), and
covalent bonding last (Taber; & Coll. 2002: 224-225). The teaching order is demonstrated

on TABLE 1 as follows.
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TABLE 1 THE TEACHING ORDER FOR SOLID STRUCTURES

Type of
Bonding Comments
Structure
Metallic: cations (atomic cores) One element present; charge on cation
Metallic crystal
and delocalized electrons related to valency

Added complication: two (or more) elements;

lonic crystal lonic: cations and anions
stoichiometry determined by charge ratios
Added complications: number of bonds (and
Giant covalent Covalent stoichiometry, if a compound) determined by
valency; bonds have specific directions
Covalent intramolecular, plus Added complication: additional level of
Simple covalent intermolecular (Van der Waals, structure-need to consider discrete molecules,
H-bond) and arrangement of molecules in crystal

Source: Taber, K. S.; & Coll, R. K. (2002: 229). Bonding. In Chemical Education:
Towards Research-Based Practice. Gilbert, J. K.; et al. (editors). pp. 213-234. Dordrecht

(Netherlands): Kluwer Academic Publishers.

4.4.3 Textbook

Textbook can make chemical bonding concepts difficult to learn
because it consists of many memorizing definitions. Taagepera and college (2002: 758)
explained that 20 different topics may be presented in only one chapter and that the
textbooks were more focused on solving algorithmic problems rather than understanding the
underlying concepts so it would be difficult for the student to develop conceptual
understanding. Interestingly, Unal; et.al. (2006: 159-166) found some textbooks also
contain alternative conceptions and disregard students’ prior knowledge. DePosada (1997:
459-460) stressed that textbook in Spain simply define metallic bonding without any
reference to concrete fact (see FIGURE 4). As FIGURE 4A, authors would like to show the

random movement of electrons in the metallic lattice using the obsolete corpuscular
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electron model, while in FIGURE 4B to present a scientific model of delocalized electrons
(electron cloud). Graphic resources in textbooks have limitations in the illustration the idea
of random movement and delocalization of electrons at the same time. As a result, some
ideas that deal with these models are difficult to students to understand and use to explain
other phenomena for metallic substance. In addition, it is very usual to find statements in
chemistry textbooks like “Observed property: metals are excellent conductors of electric
current. Interpretation: electrons are not localized; they can move.” DePosada concluded
that such explanations fail to make the nature of electric currents explicit and can make it

difficult for students to learn more complex ideas that draw upon understanding of metallic

bonding.
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FIGURE 4 THE CHARACTERISTICS DRAWING FOUND IN THE MOST FREQUENTLY
USED TEXTBOOK: A) CORPUSCULAR ELECTRON MODEL AND B) ELECTRON

CLOUD MODEL

Source: DePosada, J. M. (1997, July). Conceptions of High School Students
Concerning the Internal Structure of Metals and Their Electric Conduction: Structure and

Evolution. Science Education. 81(4): 459.

The sentence often stressed in textbook is ‘everything is made of
atoms.” This concept is simply introduced to students that is readily learned, but not readily
developed into more sophisticated understanding. Taber; & Coll (2002: 225-230) suggested
that covalent, ionic and metallic bonds should be explained in electrical terms because
students are better prepared to accept higher conceptions (e.g., hydrogen bonds, Van der

Waals forces, or solvent-solute interactions). Therefore, teachers should focus on
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‘molecules’ and ‘ions’ rather than on ‘atoms,’” because students can see covalent bonds as
electron pairs attracted to two different positive cores, and they will understand subsequent

lessons that focus on electronegativity and bond polarity.

4.4.4 The Difficulty in Shifting between Levels of Representation

Chemistry is taught at three levels: symbolic, macroscopic, and
microscopic. If students appropriately understand the relationships among these levels,
they may then fine the topics more relevant and meaningful. Unfortunately, the literature
review suggests that students fail to shift between the macroscopic and molecular levels
(Taber; & Coll. 2002: 219; Unal; et.al. 2006: 159-166). Hence, teachers have to stress the
links between the symbolic, macroscopic, and microscopic worlds in order to improve
student mental models of bonding (Boo. 1998: 577). In addition, teachers can help
students avoid alternative conceptions and to make connections between the three levels of
representations by following: (1) symbols for physical states after chemical formulae (s, I, g,
aq); (2) electrical charge in the formulae of ionic compounds (e.g. Na+CI_); and (3)
parentheses for all ionic molecular groups, even in the case where they occurred only once
in the formula of the compound, e.g. (NH4)+(NO3)_, Ca2+(SO4)2_ (Georgiadou; & Tsaparlis.
2000: 220)
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TABLE 2 THE EXAMPLES OF STUDENTS’ ALTERNATIVE CONCEPTIONS ON

CHEMICAL BONDING

Categories

Examples of Students’ Alternative Conceptions on Chemical Bonding

Alternative Bonding Conceptions

General bonding
conception: wrong
explanation for bonding

phenomena

Microscopic world of
bonding

Why atoms bond

Anthropomorphic

General covalent

bonding confusion

Atoms ‘need’ filled shells (an anthropomorphic idea) (Robinson. 1998: 1074).
‘When you have two electrons, they are negatively charged ions. They don’t
want to come together. But sometimes they do and that's a chemical bond’
(Nicoll. 2001: 712).

There are only two kinds of bonds: covalent bonds and ionic bonds. Anything
else is just a force, ‘not a proper bond’ (Robinson. 1998: 1074).

The electrons will be attracted to each other when they bond (Nicoll. 2001:
712).

Atoms are stable if, and only if, they have full outer shells (Taber. 1999: 37).
Bonding electrons don’t have any motion. ‘They (bonding electrons) sit down
between the nuclei’ (Nicoll. 2001: 713).

Chemical bonds form in order to produce filled shells rather than filled shells
being the consequence of the formation of many covalent bonds (Robinson.
1998: 1074).

And so you place electrons...in such a way that ...they’re all happy (Nicoll.
2001: 712).

“Um, because they're farther away from the positive charge, these electrons
have a greater potential for being pulled more closely. Because, like, they're
farther away means that they can, they have more space to be pulled before
they can, you know, before they start getting pushed back. There’s probably
a happy medium that electrons and protons would ideally, ideally meet, where
the forces balance exactly and it's not repelling or attracting. But, um, the
farther out you get, the more like they are to be pulled in to that, um, that
happy medium zone, | guess.” (Nicoll. 2001: 716).

Molecules form from isolated atoms (Rosinson. 1998: 1074).

A covalent bond holds atoms together because the bond is sharing electrons

(Rosinson. 1998: 1074).
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TABLE 2 (Continued)

Categories Examples of Students’ Alternative Conceptions on Chemical Bonding

Covalent bonding

General covalent The molecule was held together by ‘the two electrons shared’ which ‘makes
bonding confusion them more like joined together like one’ (Taber. 1998: 602).
(Continued) In a covalent bond, each of the bonding electrons is more strongly attracted

to its own atomic nucleus (Taber. 1999: 37).

When a covalent bond breaks, the electrons return to their own atoms (Taber.

1999: 37).
The atoms covalently When atoms of metal and non-metals combine, they form covalent bonds
bonded (Tan; & Treagust. 1999: 78).
Bond polarity Polar bond....[is] when the electrons are shared evenly’ (Nicoll. 2001: 712).

The polarity of the bond is dependent on the number of valence electrons in
each atom involved in the bond (Birk; & Kurtz. 1999: 127).

Equal sharing of the electron pair occurs in all covalent bonds (Birk; & Kurtz.
1999: 127).

And when there’re two atoms near each other that are opposite in polarity,
they repel each other (Nicoll. 2001: 716).

Molecules of the types OF, are polar as the nonbonding electrons on the
oxygen form a partial negative charge (Birk; & Kurtz. 1999: 127).

Lewis dot [H-C=O0-H]...so the carbon has four and oxygen has six valence electrons,
and there’s only two hydrogens, which would only have 1 bond each. So I'm
thinking the carbon and oxygen has to have either a double or a triple bond.
Because otherwise there would be, um, electron left. But, and so | put the
carbon and oxygen to have a triple bond and then the hydrogen on each side
to fill it (Nicoll. 2001: 714).

Shape of molecules The shape of molecules is due to the repulsion between the bonds (Birk; &
Kurtz. 1999: 127).

The shape of molecules is only due to the repulsion between the bonding

electron pairs (Birk; & Kurtz. 1999: 127).
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Categories

Examples of Students’ Alternative Conceptions on Chemical Bonding

Polarity of molecules

Electrical conductivity of

graphite

A molecule is polar because it has polar bonds (Birk; & Kurtz. 1999: 127).
Nonpolar molecules form when the atoms in the molecule have similar
electronegativities (Birk; & Kurtz. 1999: 127).

[Dipoles are] when molecules...interact with each other, forming slightly
positive or slightly negative charges (Nicoll. 2001: 712).

The largest atom exerts the greatest control over the shared pair and
determines the polarity of the bond (Birk; & Kurtz. 1999: 127).
Nonbonding electron pairs influence the position of the shared pair and
determine the polarity of the bond (Birk; & Kurtz. 1999: 127).

Graphite conducts electricity because it has layers of carbon atoms, which
can slip over each other (Tan; & Treagust. 1999: 79).

Graphite conducts electricity because in graphite some carbon atoms are

delocalized and they conduct electricity (Tan; & Treagust. 1999: 79).

lonic bonding

Structure of ionic

substances

lonic compounds are molecular in nature, i.e. ‘with sodium chloride there is
specific sodium to chlorine bond’ (Tan; & Treagust. 1999: 75).

Sodium chloride exists as molecules, and these molecules are held together
in the solid by covalent bonds (Tan; & Treagust. 1999: 75).

Sodium and chlorine atoms were bonded covalently but that ionic bonds
between these molecules produced the crystal lattice (Tan; & Treagust.
1999: 75).

lonic substances are discrete of molecules, i.e. ‘When one molecule of
copper (1) carbonate reacts...it produced one molecules of copper (II)
oxide...” (Harrison; & Treagust. 2000: 367).

lon-pairs are molecules of an ionic substance (Table. 1998: 604).

In sodium chloride ion-pairs are (or are like) molecules (Taber. 1999: 37).
The species solvated in the salt solution are atoms. As transferred electrons

return to their own atoms, the lattice is broken up (Taber. 1999: 37).
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Examples of Students’ Alternative Conceptions on Chemical Bonding

The number of ionic
bonding in lattices

(Continued)

History conjecture

“Just forces” conjecture

Formation of ionic

bonding

An ionic bond only occurs between the atoms involved in the electron
transfer. Thus, sodium ion forms one ionic bond to each chloride ion in solid
sodium chloride and is involved in five ‘forces’ with the other adjacent chloride
ions (Robinson. 1998: 1074).

Atomic electronic configuration determines the number of ionic bonds formed
(e.g. a sodium atom can only donate one electron, so it can only form an
ionic bond to one chlorine) (Table. 1998: 605).

Bonds are only formed between atoms that donate/accept electrons (e.g. in
sodium chloride a chloride ion is bonded to the specific sodium ion that
donated an electron to that particular anion and vice versa) (Table. 1998:
605).

lons interact with the counter ions around them, but for those not ionically
bonded, these interactions are just forces (e.g. in sodium chloride, a chloride
ion is bonded to one sodium ion, and attracts an additional five sodium ions,
but just by forces-not bonds) (Table. 1998: 605).

lonic bonds are the transfer of electrons, rather than the attraction of ions that
result from the transfer of electrons. The reason electrons are transferred is
to achieve a full shell (Robinson. 1988: 1074).

In ionic bonding, the number of electrons transferred depends only on the
number of electrons that the atoms of the non-metal need to achieve a stable
octet (Tan; & Treagust. 1999: 79).

An ionic bond is the transfer of electrons between atoms (Taber. 1999: 37).

Metallic bonding

General metallic

bonding difficulties

Metals also had covalent or ionic bonding (Taber. 1998: 605).
In a metal, there would be a force between the atoms but not a bond (Table.

1998: 605).

Physical property of

metallic substance

[Why do metals conduct electric current?] ‘Since metal is a good conductor of
electric current, its atoms can transmit the electric current because they

vibrate from the energy they receive’ (DePosada. 1997: 453).
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TABLE 2 (Continued)

Categories Examples of Students’ Alternative Conceptions on Chemical Bonding
Physical property of [Why do metals conduct electric current?] ‘because electrons are in
metallic substance continuous movement around the protons, they give the molecules high
(Continued) conductivity’ (DePosada. 1997: 457).

[Why do metals conduct electric current?] The positive atoms go through the
metal rod because the rod conducts the electricity and when they come in
contact with the lamp they collide and produce light. This happens because
the + and — atoms have a common point, the lamp, and they attract one

another (DePosada. 1997: 457).

Intermolecular forces

General alternative And the covalent bond is not as strong as hydrogen bonding. | think of it,
conceptions on um, as if hydrogen bonding being, like, one of the strongest bonds (Nicoll.
intermolecular forces 2001: 712).

Covalent bonds are broken when a substance changes state (Tan; &
Treagust. 1999: 79).

The bubbles in boiling water as water vapor are oxygen gas and air (Mulford;
& Robinson. 2002: 741).

The bubbles in boiling water as water vapor are hydrogen gas and oxygen
gas (Mulford; & Robinson. 2002: 741).

Intermolecular forces were identified as the forces within a molecule (Tan; &
Treagust. 1999: 76).

Intermolecular forces were the forces present within a continuous covalent
solid (Tan; & Treagust. 1999: 76).

Metals and non-metals form molecules with weak intermolecular forces (Tan;
& Treagust. 1999: 79).

The strength of intermolecular forces is determined by the strength of the
covalent bonds present in the molecules (Tan; & Treagust. 1999: 79).
Molecular solids consist of molecules with weak covalent bonding between
the molecules (Tan; & Treagust. 1999: 79).

A hydrogen bond is a covalent bond to hydrogen (Table. 2002a: 6).
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Categories

Examples of Students’ Alternative Conceptions on Chemical Bonding

General alternative
conceptions on
intermolecular forces

(continue)

Students displayed very little deep understanding of intermolecular
interactions (Taagepera; et.al. 2002: 760).

“ Ethane should be more soluble than methanol in water because the
intermolecular forces in ethane are weaker than those of methanol. The
reasoning was that water will more easily be able to break apart the weaker
intermolecular forces in ethane, and thus ethane will dissolve more easily in

water than methanol.” (Taagepera; et.al. 2002: 760).
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Confusion between the bonds/forces

Covalent and ionic bond

Intermolecular forces
and intramolecular

bonds

| just think of [covalent] as attractions...between the negative and positive
ends, un, of an atom [sic] (Nicoll. 2001: 712).

A metal is covalently bonded to a non-metal to form a molecule (Tan; &
Treagust. 1999: 75).

Intermolecular forces are the forces within a molecule (Tan; & Treagust.

1999: 79).

5. The 5Es Instructional Model

The 5Es instructional model was developed from the learning cycle. The learning

cycle originated in the early 1960s by J. Myron Atkin and Robert Karplus during the

development of the Science Curriculum Improvement Study (SCIS). Originally, the learning

cycle was based on the theory of Piaget, but it is consistent with other theories of learning
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such as those developed by Ausubel. There are three phases to the learning cycle which
are exploration, invention, and discovery. Later, these terms were modified to exploration,
concept introduction, and concept application. Roger Bybee and his college extended and
elaborated the original learning cycle to the 5Es instructional model (Bybee; Powell; &
Trowbridge. 2008: 183-184). The approach in this review is first to describe the form and
function of the 5Es instructional model, then to discuss the 5Es instructional model more

detail of each phase.

5.1 Form and Function

The 5Es instructional model has a specific function and is intended to
contribute to the learning process. The model can be described in terms of: (1)
assumptions about the mental activity of student, (2) activities that students would be
involved in, and (3) strategies used by the teacher. The model has two functions as
following: (1) the model provides guidance for curriculum developers as designing a
program. The model can be used at different levels of organization such as equivalent to a
yearlong sequence, a unit, or a series of daily lessons; and (2) the model is to help the
classroom teacher improve instruction effectiveness through a systematic approach (Bybee;

et.al. 2008: 183-184).

5.2 Phases of the 5Es Instructional Model

The 5BEs instructional model consists of five phases which are
engagement, exploration, explanation, elaboration, and evaluation. The outstanding
characteristics of each phase are summarized as following: (1) Engagement is the process
to mentally engage students into the topic. Teachers can engage student by focusing on a
problem, situation, or event that makes connection between past and future activities (e.g.,
asking a question, defining a problem, and showing a discrepant event). Teacher’s role is
to present the situation, identify the instructional task, set the rules, and procedure for
establishing the task. Successful engagement results in students being puzzled and

actively motivated in the learning activity; (2) Exploration is the process to investigate,
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explore ideas, brings about disequilibrium. This phase should be concrete and hands-on,
so teacher should carefully design the initial process of conceptual reconstruction. Students
should be allowed the time and opportunity to investigate objects, materials, and situations
based on each student’'s own concepts about phenomena. The teacher may coach or
guide students through questions, suggesting avenues of activity, and hints that may avoid
frustration and begin the process of mental reconstruction; (3) Explanation is the process to
put explanations based upon prior knowledge, develop vocabulary, and provide experiences
to reinforce and strengthen understandings. The teacher should clearly connect the
explanations to experiences in the engagement and exploration phases. Key of this phase
is to present scientific concepts, processes, or skills. The role of teacher is to direct student
learning by clarifying alternative conceptions, providing vocabulary for concepts, giving
examples of skills, modifying behaviors, and suggesting further learning experiences. The
explanation phase can be teacher, student, text-book, or technology directed such as
reading, DVD, film, and educational courseware; (4) Elaboration is the process to challenge,
extend students’ conceptual understanding and skills, transfer and apply understanding of
concepts to different situations, and make connections to other situations. During this
phase, students may discuss, present, and defend their approaches to the instruction task.
The discussion results in better gathering information to successfully complete of the task,
or students may receive feedback from others to their own understanding. Teacher’s role is
to provide an occasion for students to cooperate on activities, discuss their current
understanding, and demonstrate their skills; and (5) Evaluation is the process to encourage
students’ to assess their understanding toward achieving the educational objective.
Students should receive feedback on their achievement. The teacher can complete a
formal assessment after the elaboration phase. Teachers administer tests, performance
activities, or a variety of formal and informal procedures for assessing student
understanding.

The study done by Moyer; & Everett (2008: 3) was conducted the
exploration of the factors affecting the ability to design an inquiry-based science lesson

using the 5Es instructional model. The researchers evaluated the inquiry-lesson plan
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writing ability of pre-service elementary teachers by analyzing an exam from the science
course. In the exam the students had 75 minutes to modify a lesson from a teacher’s
edition of older elementary science textbook into the 5Es instructional model lesson. The
study found that the engage phase was the most difficult for the students to be succeeded
but in the elaboration phase was the least difficult one. Therefore, the 5Es instructional

model can be regard as an effective way to teach science in classroom.

6. Elicitation

A number of researches employed the word ‘elicitation’ in different ways
depending on the purpose of the study. Until now, nobody exactly define how the
difference among elicitation, questioning technique, asking probing question, informal
formative assessment which commonly appear in the research. This review literature has
simply concluded ‘elicitation’ in three different ways, as a teaching sequence, a diagnostic

tool for the researchers, and teaching strategies.

6.1 Elicitation as a Component of a Teaching Sequence

Based on a constructivist perspective, Rosalind Driver developed
instruction sequence to promote conceptual change. The instruction sequences contain
four main phases as following: (1) orientation and elicitation of students’ ideas which
students are asked to represent their ideas by various techniques (e.g., writing down the
ideas, small group discussion); (2) restructuring phase which the students are given
opportunities to try out and revise their concepts in several ways (e.g., clarification and
exchange, exposure to conflict situation, construction and evaluation the new ideas); (3)
application of ideas which the students have the opportunity to extent to apply their new
concept in different context; and (4) students’ review change in ideas which a class spends
time discussing and reviewing their ideas or models (Driver. 1987: 101; Driver; & Scott.
1996: 95-97). M. G. Hewson (1993: 395-397; 1992: 78-80) proposed teaching sequence

with repeating identifiable phases. The teaching sequence has six phases: orientation,
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elicitation, diagnosis, intervention, application, and review. The purpose of the elicitation
phases here were: to allow students to get their ideas out and become aware of their own
conceptions; for the teacher, to becomes aware of the state of students’ conceptions. A
key point of the teaching sequence is open-ended questioning because it can generate the
necessary information for the teacher to decide how to manage the next phase.

Gallagher (2007: 73) developed science instructional model which
consisted of five phases including: establish a problem and elicit students’ ideas, explore
phenomena and challenge students’ ideas, introduce new ideas and contrast them with
students’ ideas, apply new ideas and reconcile them with students’ ideas, and reflect on
changes in student’s ideas and connect with new ideas. The purpose of elicit students’
ideas is to introduce the central question to engage students’ interest and elicit their many
different ideas about the question. In summary, the main points of beginning a lesson with
elicitation are: (1) the students is to develop the existing ideas relating to a particular
phenomenon and to be aware of their own ideas in the learning process; and (2) the
teacher have to know what the students think in order that further teaching strategies can

be planned from that point (Scott; Dyson; & Gater. 1987: 10-11).

6.2 Elicitation as a Diagnostic Tool

Second form of Elicitation found in researches is as a diagnostic tool.
Since 1980s, numerous researchers have been developed tools to draw out students’
alternative conception. Paper-pencil tests and surveys examination of studies that wildly
used purpose-designed instruments shows that these too can prove probes of student
understanding on science conceptions. Some researches employed multiple-choice items
which contain common alternative conceptions and the scientific conceptions. The
disadvantage of using a multiple-choice is that teacher may not distinguish between
students who guess and those who hold alternative conceptions, so there have been being
attempted to find out what exactly students understand for researcher to find another way to
elicit students’ conceptions (Unal; et.al. 2006: 150). Targan (1987: 499-450) developed

tests to elicited students’ alternative conceptions on moon phases by using written



43

explanations and a drawing format. The written explanations and drawings format had
covered the discipline-defined domain of explanation and observation in detail, but open
ended enough to allow for students expression. Questions contained to the domain of
observations, theory of the phases, and explanation and prediction of lunar phase’s
phenomena. Students’ expression were analyzed by breaking down into propositions and
then compared to the completed propositions as defined by the discipline from the standard
astronomy textbooks. Coll; & Treagust (2001: 357) used semi-structured interviews to tap
year-12, undergraduate, and postgraduate student's mental models on chemical bonging.
The semi-structured interviews comprised of three-phase interview protocol: (1) each
student was presented samples of metallic, ionic and covalent substances, and asked to
describe the bonding in the substance; (2) students showed prompts in the form of
Interviews-About-Events (IAE) focus cards depicting events of chemical bonding; and (3)
each showed prompts in the form of focus cards from curriculum material to show ways in
which the bonding (e.g., metallic, ionic and covalent substances) had been depicted.

Examples of elicited question using in the interview are concluded in TABLE 3.

TABLE 3 THE EXAMPLES OF ELICITED QUESTIONING IN AN INTERVIEW FORM

Researchers Examples of elicited questioning

Nicoll (2001: 729) What does the term “chemical bonds” mean to you? Another common molecule is
formaldehyde, COH,. Could you please draw the Lewis structure for
formaldehyde?

Harrison; & Treagust What are the bonds? What about this molecule? Do you see anything

(2000: 372-373) advantageous between two representations of lines over dots? or which do you

find most easy? (in relation to prompt cards containing depictions of models).

Coll; & Treagust Why do you think it is not conducting in the crystal, the solid crystal? (for sodium

(2001: 373) chloride), or Why do you think then the sodium chloride is crushed and the silica
isn’'t ?

Barker; & Millar How do you know a hydrogen bond doesn’t involve sharing of electrons? Or, Is

(2000: 1192) there a difference in your mind between a covalent bond and a hydrogen bond?
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Even though, interviews is one form of others (e.g. using set questions
and/or physical prompts) the most commonly used, sometime it is not proper for teachers
(especially new teachers) to use interviews to probe students’ conceptions, because this
would require professional training (Unal; et.al. 2006: 145). In order to overcome this
problem of using interview form, diagnostic instruments were developed because it can be
scored easily. The diagnostic instruments normally contained two parts of the questions.
The first part intended to elicit students’ views in multiple-choice format, and the second
part seeked to establish reasons for the first one. This is helpful for teachers with little
experience in interview (Peterson; & Treagust. 1989; Tan; & Treagust. 1999; Birk; & Kurtz.
1999).

To elicit students’ knowledge structures on chemical bonding, Taber
(2002a: 41) conducted concepts maps as diagnostic tools. The concepts map is probably
to spend extended periods of time, but it is better than standard tests which offer only a
limited insight of student understanding. Taber stressed the advantages of using concept
mapping: (1) key ideas were present whether the student holds major alternative
conceptions; (2) how well the student has integrated ideas within the topic; and (3) whether
the student links the concepts with key ideas. However, if some students may not express
what they know or what they feel, interpretation of the concepts mapping may be difficult,
so concept mapping, importantly, will be a valuable elicitation of how students visualize the
bonding in chemical substances if this method comes together with the interview (Unal;
et.al. 2006: 153). The TABLE 4 summarized the way to elicit student’s ideas in various

ways adopted by researchers.
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TABLE 4 THE CONCLUSION OF ELICITATION AS A DIAGNOSTIC TOOL TO EXPLORE

STUDENTS’ CONCEPTIONS

. . Paper and pencil format
Studies in chronological

Interview Open-ends Multiple Written Drawing/concept
sequence Two-tire
question choice record mapping
Targan (1987) X X X
Peterson; & Treagust
(1989) X
Boo (1998) X X
Birk; & Kurtz (1999) X
Tan; & Treagust (1999) X
Harrison; & Treagust
X X X X X
(2000)
Barker; & Millar (2000) X X
Coll; & Treagust (2001) X X
Nicoll (2001) X X
Coll; & Taylor (2002) X
Taber (2002a) X
Coll; & Treagust (2003) X
Unal; et.al. (2006) X X

6.3 Elicitation as a Teaching Strategy

Third form of elicitation can be viewed as a strategy in classroom setting or
informal formative assessment. Scott; et.al. (1987: 10-11) illustrated examples of elicitation
strategy using in classroom were included brainstorming sessions, small group discussion
work, and circuses of practical activities, questionnaires and individual projects. These
strategies were more frequently used than teacher presentations and note copying. Scott
and colleges suggested that teachers should move away from asking closed questions
towards an open-ended situation in which students were encouraged to express their

viewpoints. Moreover, wall poster, prepared by the students, should be used to display
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student ideas. The posters act as a paper memory holding and making explicitly the initial
ideas of the student.

Not only in classroom students’ ideas should be challenged and made
explicit, but also outside the class students can make their ideas explicit as well. Scott and
his college used diary elicit from students involved in the experimental teaching sequences.
On the diary, students suggested that they did enjoy making clear their own ideas. Here

are examples from student’s responses on their diary.

| liked the idea of thinking my own ideas up and sharing them with another person
instead of being told about what something did and why, like a teacher lecturing his class.

The lesson was very demanding but more or less going over what | already thought. It
makes me change my mind about in between the liquid particles there is air.

The lesson was quite hard because when we had to find out what the middle of a solid,
liquid or gas was like, | thought about particles. If you say that eh particles in a gas are
spread out, then what would between them? | thought that it is a very hard question.

In today’s lesson we discussed mainly on what gases have inside them. In my mind
we still didn’t say whether there are or aren’t any particles. My mind is still pondering on it
now as | write my diary. Sir, somebody must know the answer to the question because there

has to be some kind of answer to every question (Scott; et.al. 1987: 14-15).

Minstrell (1989) stressed the importance of ‘written records’ of initial ideas
that when people had recorded their ideas on paper, they then could not deny the existence
of their initial ideas and the notice inconsistencies between their original idea and what
actually happens, and instruction then should be spent time for clarifying students’ initial
ideas through discussion (Cite in Teichert; & Stacy. 2002: 469). Besides simply asking
questions, and providing summaries of previously learned material during classroom
instruction, activation of prior knowledge like ‘quizzes’ can open instruction to spark existing
knowledge among students. The quizzes activities are geared to help students see the
relevance of new information and link what they already know to what they are learned
(Feldman; & McPhee. 2008: 51). In summary, incorporated elicitation strategy in

classroom can be seen as the process of informal formative assessment with the aim to
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improve students’ learning. The learning will be made better if student have a chance to
see their idea developed over time. If students see their initial ideas, on-going idea, and

final ideas, learning science then will have more valuable.

7. Metacognition

Since the mid-1970’s metacognition has become one of the major fields of
cognitive and educational psychology research. Research in metacognition was explored
by John Flavell (Weiner; & Kluwe. 1987: 17; Wolters. 1987: 521; Hartman. 1998: 1;
Georghiades. 2004: 365). There are several terms associated with metacognition:
metacognitive beliefs, metacognitive awareness, metacognitive experiences, metacognitive
knowledge, feeling of knowing (FOK), judgment of learning (JOL), theory of mind,
metamemory, metacognitive skills, executive skills, higher-order skills, metacomponents,
comprehension monitoring, learning strategies, heuristic strategies, and self-regulation

(Veenman; Van Hout-Wolters; & Afflerbach. 2006: 4).

According to John Flavell (1976: 232),

Metacognition refers to one’s knowledge concerning one’s own cognitive processes
and products or anything related to them, e.g., the learning-relevant properties of information or
data...metacogtnion refers, among other things, to the active monitoring and consequent
regulation and orchestration of these processes in relation to the cognitive objects or data on

which they bear, usually in the service of some concrete goal or objective.

Metacognition is very important in the instruction, because it affects acquisition,
comprehension, retention, application of what is learned, learning efficiency, critical thinking,
and problem solving. It also enables individuals to control or regulate their thinking and
learning processes and products (Hartman. 1998: 1). Other topics associated with
metacognition and related to this research are consecutively discussed: definition,

components, promotion, and assessment of metacognition.

7.1 Definitions of Metacognition
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Metacognition or metamemory is seen as a “fuzzy concept” (Wellman.
1981: 3-4). Because defining the meaning of this term is problematic as following: (1) it is
often difficult to distinguish between what is meta and what is cognitive; and (2) in the
modern psychological literature, metacognition has been referred to knowledge of cognition
and regulation of cognition. These two forms are indeed closely related and attempts to
separate them led to oversimplification because metacognition comes from different
historical roots. The roots of metacognition come from four separate strands: (1) verbal
reports as cognitive processes; (2) executive control within in information processing
framework; (3) self-regulation (metaprocedural reorganization, and reflected abstraction from
the Piagetian school of developmental psychology), and (4) other-regulation (a Vygotskyian
notion) (Brown. 1987: 65-67). Also, distinguishing metacognition from a cognitive
perspective is difficult because the processes of interest are internal and can only be
inferred on the basis of observations of student behavior (Rickey; & Stacy. 2000: 915).

Metacognition is defined as second-order cognitions (thoughts about
thoughts, knowledge about knowledge, or reflections about actions) (Pintrich. 2002: 219-
220; Rickey; & Stacy. 2000: 915); Weinert. 1987: 8). Baird (1990: 184) stressed that
metacognition is the knowledge, awareness, and control of one’s own learning. Schraw
(1998: 116) described metacognition as knowledge and regulatory skills that are used to
control one’s cognition. Despite the abundance of research done that is focused on
metacognition as knowledge, research is still focused on addressing major problems: (1)
metacognitive knowledge, or the availability of factual (declarative) knowledge about
cognition, is similar to other world knowledge that individuals store; it focuses on general
knowledge about cognitive activities and demands, as well as the features of one’s own
cognitive activities and capabilities; and 2) the availability of strategies (procedural
knowledge) may be applied in order to control, monitor, and regulate cognitive activity
(thinking about thinking) (Weinert; & Kluwe. 1987: 17). Pintrich (2002: 219-220)
distinguished between knowledge of cognition and the processes involving the monitoring,
control, and regulation of cognition. From his view, metacognitive knowledge includes
knowledge of general strategies that might be used for different tasks, knowledge of the
conditions under which these strategies might be used, knowledge of the extent to which
the strategies are effective, and knowledge of self. The researcher referred to
metacognitive control and self-regulatory processes as cognitive processes that students
use to monitor, control, and regulate their cognition and learning (checking, planning, and

generating).
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In more recent research studies, Hennessey stressed that metacognition is
an “inner awareness or process, not an overt behavior.” This inner awareness can be
about what one knows (content knowledge), one’s learning process (knowledge
construction), or one’s current cognitive state (awareness of mental constructs). A key
characteristic of metacognition is the ability to “think about an idea (proposition, concept, or
theory) rather than merely think with it’ so metacognitive awareness should be helpful to
students in their learning and developing concepts (Hennessey. 1993: 4-7; Hennessey.
2003: 107-108). In other words, metacognition refers an awareness of what one knows
about their cognitive knowledge and what one thinks about their own learning (cognitive
process). Israel (2007: 1-2) pointed out that metacognition is thought of as a cognitive
process where awareness of one’s own thinking and metacognitive strategies can be taught
in the classroom. The metacognitive awareness can lead students to become more
knowledgeable of their own cognition, make students think more about their own learning,

and finally help students to taking responsibility for their own learning.

7.2 Components of Metacognition

Flavell (1979: 906-909) proposed a categorization of the components of
metacognition. He distinguished between metacognitive knowledge and metacognitive
experience. Metacognitive knowledge consists primarily of knowledge or beliefs about what
factors or variables act and interact and in what ways they affect the course and outcome
of any given cognitive enterprise. Metacognitive knowledge comprises knowledge of person
(knowledge concerning what human beings are like as cognitive organisms), task variables
(referring to knowledge about how the specific information encountered affects and
constrains the way in which one deals with it), and strategy variables (knowledge about
cognitive strategies or procedures for achieving various goals). In contrast, metacognitive
experience comprises conscious experiences that can either be cognitive or affective and
are pertinent to an ongoing cognitive situation or endeavor.

Brown (1987: 67-68) summarized two forms of metacognition which are:
(1) knowledge about cognition refers to the stable, statable, often fallible, and often late
developing information that human thinkers have about their own cognitive processes;
traditionally, this has been referred to as knowing that; and (2) regulation of learning
includes planning activities predicting outcomes, scheduling strategies, and various forms of

vicarious trial and error. The latter component is not necessarily stable or statable.
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Paris and his colleagues identified two essential features in metacognition,
self-appraisal and self-management of cognition summarized as following: (1) self-appraisal
includes personal reflections about one’s knowledge states and abilities. This appraisal
often reflects static judgments because people are asked to assess knowledge or gauge
ability in a hypothetical situation; and (2) self~-management refers to “metacognitions in
action” or how metacognition helps to organize cognitive aspects of problem solving (Paris;
& Jacobs. 1984; Paris; & Winograd. 1990: 17-19). Even though cognitive self-
management is a popular aspect of metacognition, because of its directly implications for
students’ performance and subsequent instruction, researchers and teachers alike are less
interested in this area of research. The study of self-management in students has been
neglected as researchers have been more interested in determining the efficiency and
effectiveness of students’ actual thinking skills (Baker; & Brown. 1984: 18; Winne; & Marx.
1987: 18-19).

Richard White (1988) described the four aspects of metacognition: (1)
propositional knowledge about cognition (e.g. knowledge of the factors that affect one’s
ability to memorize something), (2) awareness of one’s own thoughts (e.g. monitoring one’s
own understanding during a lecture), (3) ability to regulate thinking (e.g. deciding what path
to take while attempting to solve a difficult problem), and 4) readiness/propensity to apply
the ability to regulate thinking (cite in Rickey; & Stacy. 2000: 915). Moreover, Gunstone
(1994: 134) distinguished three different aspects of metacognition summarized as followed:
(1) metacognitive knowledge includes knowledge of the nature and processes of learning, of
what are effective learning strategies and when to use these, and of personal learning
characteristics; (2) metacogntive awareness includes perceptions of the purpose of the
teaching/learning activity and of personal progress through the activity; and (3)
metacognitive control refers to the nature of the decisions made and actions taken by the
student during the activity. Metacognitive knowledge, awareness, and control are all
learning outcomes as well as fundamental influence on the extent of achievement of more
usual learning goals.

Furthermore, Nelson; & Narens (1996: 10-12) proposed a theoretical
mechanism to represent a metacognitive system consisting of object-level and a meta-level
structures in FIGURE 5, the latter containing a model of the former. The mechanism

incorporates two relations in terms of flow of information from one level to the other
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comprising control and monitoring functions. Control, or the information that flows from the
meta-level to the object-level, affects the object-level processes by initiating, continuing, or
terminating an action. Monitoring relies on the assumption that the meta-level is informed

by the object-level, a process that results in changing the state of the meta-level model.

} META-LEVEL

Monitoring Flow of
information

Control

} OBJECT-LEVEL

FIGURE 5 THE FORMULATION OF A META-LEVEL AND OBJECT-LEVEL THEORETICAL
MECHANISM

Source: Nelson, T. O.; & Narens, L. (1996: 11). Why Investigate Metacognition?
In Metacognition: Knowing about Knowing. Metcalfe. J.; & Shimamura, A. P. (editors). pp.

1-25. Cambridge (MA): The MIT Press.

In addition, Baird; & White (1996: 191-194) suggested that metacognitive
strategies are comprised of two components, reflection (to determine purpose) and action
(to generate information), that operate together. Reflection is thinking and feeling and
involves asking questions such as “What am | doing?” and “Why am | doing it?”, selecting
procedures to answer these questions, evaluating the result of applied procedures, and
making decisions about what to do next. Action is doing and involves observing,
manipulating, applying procedures, and enacting decisions. If carried out thoughtfully, the
individual will know about effective learning strategies and requirements, and will be aware
of, and be capable of exerting control over, the nature and progress of the current learning
task. Rickey; & Stacy (2000: 915) argued that metacognition is a more specific term than
reflection. From their point of view, metacognitive activities differ from such general
cognitive processes in that for matacognition, the object of reflection is always one’s
personal knowledge or thinking. The researchers point out that this distinction is often

difficult to make. However, since cognition rarely occurs in the complete absence of
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metacognition, asking yourself questions about the chapter might function either to improve
your knowledge (a cognitive junction) or to monitor it (metacognitive function).

Schraw (1998:113-125) illustrated two components of metacognition,
knowledge of cognition and regulation of cognition. Knowledge of cognition refers to what
individuals know about their own cognition or about cognition in general and includes three
different kinds of metacognitive awareness: declarative knowledge (knowledge about
oneself as a student and about what factors influence one’s performance), procedural
knowledge (knowledge about doing things which is represented as heuristics and
strategies), and conditional knowledge (when and why to use declarative and procedural
knowledge). Regulation of cognition refers to a set of activities that help students control
their learning. Regulation of cognition includes planning (the selection of appropriate
strategies and the allocation of resources that affect performance), monitoring (one’s on-line
awareness of comprehension and task performance), and evaluating (appraising the
products and efficiency of one’s learning). Similar to Brown (1987), Schraw emphasizes
that knowledge of cognition and regulation of cognition are related to one another.
However, Anderson & Krathwohl (2001: 55-62) viewed metacognition as metacognitive
knowledge that can be categorized into three major forms as following: (1) strategic
knowledge is knowledge of the general strategies for learning, thinking, and problem
solving. Strategic knowledge consists of three general categories: rehearsal, elaboration,
and organization; (2) procedural knowledge, knowledge of the situations in which students
may use subject-specific skills, algorithms, techniques, and method, and conditional
knowledge, one knowing when and why to use cognitive tools appropriately, are considered
to be knowledge about cognitive task; and (3) self-knowledge includes knowledge of one’s
strengths and weaknesses in relation to cognition and learning (They know what they know,
they know what they don’t know, they know how to do something, they don’t know how to do
something). Pintrich (2002: 219-222) added that self-knowledge refers to judgment of one’s
capability to perform a task (self-efficacy), goals for completing a task (learning or just
getting a good grade), and the interest and value the task has for student (high interest and
high value versus low interest and low value). If students do not realize they do not know
some aspect of factual, conceptual, or procedural knowledge, students are unlikely to make
any effort to acquire or construct new knowledge.

In summary, metacognition can be viewed as, knowledge of cognition and
regulation of cognition. In this sense, metacognitive knowledge can be viewed in three

different dimensions: (1) knowledge of cognitive task refers to knowledge of the situation
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and how the specific information encountered affects and constrains the way in which one
deals with it; (2) knowledge of self refers to knowledge of human beings as cognitive
organisms and includes knowledge of one’s strengths and weaknesses; and (3) strategic
knowledge refers to knowledge about cognitive strategies or procedures for achieving

various goals including the general strategies for learning, thinking, and problem solving.

7.3 Promotion Metacognition

Metacognition plays a vital role in learning within classrooms; therefore,
understanding how to promote metacogntive awareness is of continual interest to
researchers. Good (1989: 3-19) was interested in improving his students’ awareness of
their alternative conceptions. Then, the learning cycle (exploration, concept application, and
concept introduction) was revised by adding predictions at the beginning of the learning
cycle and included feedback loops among the three stages. The study found that using
student prediction sheets resulted in teachers and students becoming more aware of
student alternative conceptions. Blank also proposed a revised learning cycle model to the
metacognitive learning cycle consisted of four phases (concept assessment/status check,
concept exploration, concept introduction/status check, and concept application/status
check). The Metacognitive Learning Cycle emphasized formal opportunities for teachers
and students to talk about their science ideas. Students were asked to reveal their science
ideas and discuss the status of conceptions throughout the instruction. The result showed
that students in the metacognitive classroom did not gain a greater content knowledge, but
they did experience more permanent restructuring of their understandings (Blank. 2000:
486-490).

Nevertheless, student can enhance their learning by becoming aware of
their own thinking as they read, write, and solve problems in school. By doing so, teachers
can promote this metacognitive awareness directly by informing students about effective
problem-solving strategies and discussing cognitive and motivational characteristics of
thinking. These strategies foster metacognitive awareness because it provides personal
insights into one’s own thinking and fosters independent learning (Paris; & Winograd. 1990:

15). Students can be improved their metacognition appropriately if they consciously
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undertake an informed and self-directed approach to recognizing, evaluating, and deciding
whether to reconstruct their existing ideas and beliefs (Gunstone. 1994: 133-134).

Schraw (1998: 118-123) summarized four general ways to increase
metacognition. Promoting metacognition begins with building a general awareness of the
importance of metacognition, improving knowledge of cognition, improving regulation of
cognition, and fostering environments. While promoting general awareness, the teacher
should take the time to discuss the importance of metacognitive knowledge and regulation.
To improve knowledge of cognition, Schraw used an instructional strategy called a strategy
evaluation matrix (SEM) (TABLE 5). The purpose of the SEM was to promote explicit
declarative, procedural, and conditional knowledge about each strategy. Even among
younger students (K-6), SEMs were effective at improving knowledge of cognition, but might

not impact regulation.

TABLE 5 THE STRATEGY EVALUATION MATRIX

Strategy How to use When to use Why to use
Skim Search for heading, highlighted Prior to reading an Provides conceptual
words, previews, summaries extended text overview, helps to focus

one’s attention

Slow down  Stop, read, and think about When information seems Enhances focus of one’s
information especially important attention

Activate Pause and think about what you  Prior to reading or an Makes new information

prior are already know. Ask what you  unfamiliar task easier to learn and
knowledge  don’t know remember
Mental Relate main ideas. Use these to  When learning complex Reduces load memory.
integration construct a theme or conclusion information or a deeper Promotes deeper level of
understanding is needed. understanding.

Diagrams Identify main ideas, connect When there is a lot of Helps identify main ideas
them, list supporting details interrelated factual info and organize them into
under main ideas, connect categories. Reduces load
supporting details memory.

Source: Schraw, G. (1998, March). Promoting General Metacognitive Awareness.

Instructional Science. 26(1-2): 120.
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There are many skills such as critical thinking skills (e.g. evaluation
evidence) or scientific reasoning skills (e.g. hypothesis testing) that can be taught to
students to improve students’ metacognition, because critical and scientific thinking process
allow students to spend a sufficient time applying the targeted skills in a meaningful context
and students have opportunity to observe skilled experts using the skills (Schraw. 1998:
118-123). In classroom instruction, the teacher has to label metacognitive knowledge
explicitly, and teachers also should plan to include goals for teaching metacognitive
knowledge and try to teach and assess this type of knowledge as they teach other content
knowledge (Pintrich. 2002: 219-222).

Tumbull; & Brown (2005: 2-16) raised students’ self-awareness by using a
questionnaire. The questionnaire consisted of metacognitive patterns (e.g., towards/away
from, through time/in time, proactive/reactive). Each pair of the metacognitive patterns has
two ends of a continuum. The study found that the metacognitive questionnaire provided
evidence of students’ ability to raise and recognize their pattern of thinking. Successful
metacognitive instruction in the general classroom can be reached by these principles: (1)
embedding metacognitive instruction in the content matter to ensure connectivity; (2)
informing students about the usefulness of metacognitive activities to make students exert
the initial extra effort; and (3) prolonged training to guarantee the smooth and maintained
application of metacogntive activity. These principles referred as the WWW&H rule (what to
do, when, why, and how) (Veenman; et al. 2006: 5). In a particular classroom, chemistry
classroom, Rickey; & Stacy (2000: 918-919) suggested instructional tools for promoting
metacognition that are more specific to domain of chemistry because the tools allowed
students to make connections between macroscopic observations and molecular-level
explanations. The tools consist of concept maps, the concept test, Predict-Observe-Explain
(POE) tasks, and the Model-Observe-Reflect-Explain (MORE) with the aim to improve
metacognitive awareness among students in chemistry class. In conclusion, promoting
students’ metacognition should begin with explicit instruction about metacognition in
general. The teacher may then discuss how metacognition enables students to better
manage their cognitive skills and reflect on their weakness or strengths on a cognitive task

and how it serves as a key component to successful learning. Also, teachers should have
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an understanding of suitable methods for promoting students’ metacognitive awareness by

using various strategies depending on the cognitive context.

7.4 Assessment of Metacognition

“A central problem in the research area on metacognition is the adequacy
of the assessment techniques designed to measure metacognition” (Wolter. 1987: 521).
For example, the problems with metacognitive assessment by using interviews and think-
aloud techniques are difficult to interpret data. If a subject does not have ability to verbalize
their answers or thinking, so instead of using verbal questioning, researchers should assess
student’s performance and focused more on behavioral observations, and teacher or
researcher may also elicit different strategies when tasks are solved by students (Wolter.
1987: 521-527). However, Victori (2004: 6-13) stressed the problems of using structured
questionnaires that are easier to administer with a large number of students but they fail to
provide an in-depth analysis of the beliefs held by students, so using questionnaires may
lack specificity and contextualization. The questionnaire itself may contain a problematic
word. In addition, Garrett and colleagues revealed a limited number of metacognitive skills
assessed by a diagnostic test. The diagnostic test was developed for assessing cognitive
skills related to metacognition (visualizing lecture information and interpreting diagrams) for
a physiology course. The study found that the limited number of skills related to
metacognition by using such a test because it cannot retain key information (Garrett; et.al.
2007: 1-7). Furthermore, Israel (2007: 16) assessed students’ metacognition during they
comprehend the reading task. The study suggested that teachers can get into the students’
minds as they read. Before administering metacognitive assessments, teachers should be
familiar with reading strategies and reading strategies can be taught and assessed one at a
time. Besides assess students’ metacognition during reading, Israel suggested that
teachers can also adopt other way to assess such a knowledge (e.g., using goal-setting
activities as an introduction to metacognitive assessment, interviews, survey and

inventories, and think aloud exercises).
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Veenman; et al. (2006: 8-9) viewed metacognitive assessment as off-line
or on-line method. Off-line methods are presented either before or after the task
performance, whereas on-line methods are presented during the task performance. On-line
methods have more predictive of learning performance than off-line methods, even when
the latter are administered retrospectively to task performance. Again, every assessment
method has its pros and cons so researchers or teachers should adopt administration
strategies in which an instrument will be most effectiveness for their students’ age and the

particular or general context.

8. Science Process Skills

The importance of science process skills in classroom setting is the process skills
that form the basis of human learning and set human apart from other animals. Scientists
use the process skills whenever they define scientific concepts or develop taxonomies. The
basic process skills become incorporated with more advanced levels of thinking. Mastering
the science process skills is far greater than the value of the ability to repeat scientific facts
or principles, because students not only learn a set of rigid rules but learn ways of finding
answers can be applied without limit (Ostlund. 1992: v). Process skills are the processes
in scientific situations to deal with content and hands-on activities with concrete materials.
Students’ science processes can conduct investigations on a topic of their own choosing

with minimal teacher guidance (Raming; Bailer; & Ramsey. 1995: 5).

8.1 Components of Science Process Skills
According to American Association for the Advancement of science,
science process skills compose of basic and integrated skills. The basic skills are consists
of seven areas summarized as following: (1) observing is the process of using the five
senses (see, hear, touch, smell, taste) to find out objects and events about their
characteristics, properties, differences, similarities, and changes; (2) classifying is the

process of grouping or ordering objects or events in terms of similarities or differences and
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generate to lists, tables, or charts; (3) measuring is the process of comparing an unknown
quantity with a known (metric units, time, student generated frames of reference; (4)
inferring is the process of interpreting or explaining observations; (5) predicting is the
process of forming an idea of an expected result based upon present knowledge and
understandings, observations and inferences in forms of a written or oral explanation; (6)
communicating is the process of using the written and spoken work, graphs,
demonstrations, drawings, diagrams, or tables to transmit information and ideas to others;
and (7) using number relationships is the process of applying numbers and their
mathematical relationships to make decisions.

Integrated skills consist of seven aspects. The characteristic of each skill
is concluded as followed: (1) making models is the process of constructing mental, verbal,
or physical representations of ideas, objects, or events to clarify explanations or
demonstrate relationships; (2) defining operationally is the process of creating a definition
by describing what is done and observed in context of students' experiences not from the
glossary or memorized; (3) collecting data is the process of gathering and recording
information about observations and measurements in a systematic way; (4) interpreting data
is the process of organizing, analyzing, and synthesizing data using tables, graphs, and
diagrams to locate patterns that lead to the construction of inferences, predictions, or
hypotheses; (5) identifying and controlling variables is the process of manipulating factor to
investigate the outcome of an event; (6) formulating hypotheses is the process of making
educated guesses based on evidence that can be tested through experimentation; and (7)
experimenting is the process of designing one's own experiment to test a hypothesis using
procedures to obtain reliable data all basic and integrated skills to formulate a problem,

collect data, and pose a solution are used.

8.2 Improvement Students’ Science Process Skills
Niedderer (1987: 363) improved students’ process skills by incorporated
performance stage into teaching sequence called a process of performance in teaching.

The process of performance in teaching strategy comprises of formulating questions or
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hypothesis, planning and performing experiments, making observations, theoretical
discussions, and formulations of findings. To do so, teacher should help reservedly with
technical problems, supervise organization, give apparatus, and ask for students’ reports.
Raming; Bailer; & Ramsey (1995: 5-6) proposed strategies to help students connect new
experience to previous knowledge through ‘doing science’. The strategies are concluded as
follow: (1) students should work in small lab groups to be more involved; (2) students are
encouraged to keep portfolios and best work throughout the process skill activities; (3)
teacher should carefully read through the entire student activity before introducing it to a
class, or teacher should actively engage students using open-ended questions or by having
them predict what will happen; (4) students discuss inferences in their groups by asking,
why did this happen; and (5) each group bring the entire class to consensus. By doing so,
teacher will help students successfully internalize science process skills.

Ostlund (1992: vi) stressed that teachers’ role was worthwhile experiences
to a students’ developmental level, organize them for meaningful interpretation, and activate
students’ thinking because experiences designed by teacher can lead to students’ thinking
capabilities and may provide significant cognitive and affective benefit. As students develop
process skills, they pass through ways of thinking, representing a different organization of
experience, information, and knowledge, and leading to a very different view of the world. If
teachers provide students with experiences to use process skills, students will use a
particular skill with different material at various levels of abstraction and they can make the

progression of being at a more advanced developmental stage.

8.3 Assessment of Science Process Skills
Ostlund (1992: vi) stressed that the assessment of science process skills
should be designed to be flexible enough to be administered individually, in a small group,
or with the entire class. It was recommended that not all assessments be used at one
sitting, so the assessment should determine precisely what individual students are able to
do in their science experiences. Rezba; Sprague; & Fiel (2003: xi) described nine forms of

assessment which included: open-response question, performance test, portfolio, teacher
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paper and pencil checklist, self/peer/family checklist, teacher digital assessment, teacher
rating forms, individual performance within a group rating form, and interview. These
assessment methods should allow students to demonstrate what they know and are able to
do. Again, multiple forms of assessment are needed to assessments because different
types of assessment reveal different aspect of performance and assessment should allow
students to use their science skills and science disciplines much the same way as they do

in science class.

9. Attitudes toward Chemistry

The attitude concepts are favorable or unfavorable feelings toward objects,
persons, groups, or any other identifiable aspects of environment. Attitudes must have a
referent because attitudes refer to feelings about or toward an attitude object. The attitude
object can be a person, situation, group, policy, issue, or an abstract idea, so this makes
the attitudes concept of interest and importance to science education (Koballa. 1988: 117).
In this review literature, the definitions of attitude, the difference between attitudes toward
science and scientific attitude will be discussed followed by the assessment and some

problem associated with this assessment.

9.1 Definitions

The term ‘attitude’ as used in the literature on science education, has
multiple meanings, and it is important to know precisely which meaning a given writer is
using in order to understand and evaluated his/her research. Aiken; & Aiken (1969: 295)
described three areas which the term ‘attitude’ has been used: attitude towards science,
attitude toward scientists, and attitudes toward the scientific method. ‘Attitudes toward
science’ is affect or feeling like (or dislike) toward science in general or a particular.
‘Attitude toward scientist’ refers to like (or dislike) of approval (or disapproval) of the
activities engaged in by scientist and the kinds of people that scientists are. And, ‘scientific

attitude’ refers to adherence to or knowledge of the ‘scientific method” (e.g., curiosity,
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rationality, willingness to suspend judgment, open-mindedness, critical-mindedness,
objectivity and intellectual honesty, humility, and reverence for life). Likert (1932: 9)
described that attitude’s meaning was defined depended on the purpose of the study: (1)
attitudes are dispositions toward overt action; and (2) there are verbal substitutes for overt
action. The former usage seems to the present writer to be preferable. The latter opinion
is seen attitude as an indirect method of measuring dispositions which are most easily
signified and expressed in verbal form. Gardner (1975: 2) described a person’s attitude to
science as a learned disposition to evaluate in certain ways of objects, people, actions,
situations or propositions involves in the learning of science. Gall; Gall; & Borg (2003: 214)
viewed an attitude as an individual’s viewpoint or disposition toward a particular ‘object’ (a
person, a thing, an idea, ect.). The authors described that the attitude have three
components: (1) an affective components, which consists of the individual’'s feelings about
the attitude objects; (2) a cognitive component, which is the individual’s belief or knowledge
about the attitude object; and (3) a behavioral component, which is the individual’s
predisposition to act toward the attitude object in a particular way. While a number of
researchers focusing on attitude toward science, Menis (1989: 183) focused on student’s
attitudes toward both science and chemistry and defined ‘attitude’ as an affective reaction
(e.g., like/dislike, enjoy/not enjoy) to stimuli toward science and chemistry. Like Menis,
Nieswandt (2007: 912) described the attitude toward chemistry as a predisposition to

respond positively or negatively feeling about chemistry.

9.2 The Difference between Attitude toward Science and Scientific Attitude

Attitudes are not a unidimension, but rather a multifaceted framework

including affective, cognitive, and behavioral components which influence other ongoing
processes (Nieswandt. 2007: 912). Attitudes toward science should not be mistaken
scientific attitudes. The former always reacts to attitude object (science, scientist) which the
respondent to favorable or unfavorable (e.g., interests in science, attitudes toward scientist,
attitude towards social responsibility in science). The latter is styles of scientist’s thinking or

traits: ‘open-mindedness’, ‘skepticism’ and ‘honesty’ (Gardner. 1975: 1-2). Attitude toward
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science should refer to a general and enduring positive or negative feeling about science,
so it should not be confused with scientific attitude; therefore, sentences like ‘I like science,”
‘I hate science” are considered to be attitudes toward science because they denote a

general positive or negative feeling toward science (Koballa; & Crawley. 1985: 223).

9.3 Measurement of Affective Domain

Affective objectives such as attitude should be seen as an important
learning outcome in science curriculum and ways to assess attitude are important. Five
main categories of attitude evaluation as followed: the interview schedule, open ended
questions, projective techniques, closed item questionnaire (including Thurstone scales,
Likert scales, rating scales, semantic differential scales and self-report inventories), and
preference ranking (Laforgia. 1988: 411-413). By using Likert scale to measure attitudes,
the criteria to select statements should be: (1) expressions of desired behavior and not
statement of fact and focus on the present not in the past; (2) the statement should be
clear, concise, straight-forward and simplest as possible. No statement should involve
double negative or avoiding confused words; (3) each statement has worded that the modal
reaction to the middle of the possible responses; (4) avoiding any space error or any
tendency to a stereotyped response; and 5) If multiple choice statements are used, the
different alternatives should involved only a single attitude variable and not several (Likert.
1932: 44-46)

The study done by Dalgety; Coll; & Jones (2003: 649) allowed a way to
measure students’ attitude toward chemistry. The researchers developed the Chemistry
Attitudes and Experiences Questionnaire (CAEQ) to measures attitude toward chemistry
self-efficacy, and learning experience for the first year students. The CAEQ was piloted
with science and technology students (N=129) at the end of their first year. The study
gathered data from interviews. The study found that the CAEQ was good construct validity
and it can provide an understanding of factors influenced student choice of chemistry
enrollment.  Miller; et.al. (2004: 1801-1808) adopted qualitative research to capture

students’ attitude to analyze students’ interactions in chemical laboratory setting consisted
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of both surveys and individual interviews. The survey was included: gender, major, year in
school, and lab section. The scaled response questions were classified into five areas: (1)
comfort operating instruments, (2) conceptual understanding of instruments, (3) effects of
errors, mistakes, and modified procedures, (4) group dynamics, and (5) general questions.
The study found that the students had positive attitudes toward using instrumentation. And
they felt that using instrumentation in the lab allow them not only to connect “chemistry” and
the “real world”, but also to develop skills to be valuable in the future. In Greek, Salta; &
Taougraki (2004: 535) conducted qualitative research to develop valid and reliable
instruments for attitudes’ measurement toward chemistry. The instrument was explored
with 11" grade Greek students. Students’ attitudes contained four areas: the difficulty, the
interest, the usefulness of chemistry course, and the importance of chemistry. The study
found that students considered chemistry to be neither difficult nor easy (neutral attitude).
Student’s attitudes regarding interest of chemistry was also neutral. Interestingly, the
students recognized the importance of chemistry in their life (positive attitude), but

chemistry was not useful for their future career (negative attitude).

9.4 Problems Associated with Evaluation of the Affective Domain

Measuring affective domain will have a weakness if the researcher sees
the affective domain only one dimension, a meaningless, uninterpretable variable; therefore,
researchers should be conceptualized affective domain (or attitude) as a multidimensional
construct and this assumption must be tested using factor analysis. If factor analysis
provides strong support for this conceptualization, interpretation of the result should be
separately done for each dimension because many instruments now have used a mixture of
items, including several dimensions, but the analysis of unidimensionality may not be
existed (Gardner. 1975: 1-2). Researchers who interest in measuring attitudes to science
frequently employ summated ratings scales (e.g., opinion statements), a 5-point Likert scale
response, or a set semantic differential items (bipolar adjectives) scored on a 7-point scale.
In order to raise reliability of measurement, researchers should have numerous items rather

than a single item because an assumption underlying this technique is that the items in the
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scale reflect a common construct; otherwise, the procedure produces uninterpretable data.
Even though this psychometric principle has been known for a long time, numerous studies
in the literature demonstrate a neglect of it and there have a misunderstanding of concept
of internal consistency and unidimensionality; therefore, the researchers should make them
clear in designing such instruments (Gardner. 1995: 283).

Laforgia summarized four types of problems associated with measuring
affective measurement as following: (1) fakability could occur if student responses are
influenced by their desire to satisfy the researcher or teacher; (2) self deception would not
tend to be a problem with measurement of science-related attitudes but would be more
pertinent to measures of personality; (3) semantic problems occur in affective measures
because instruments usually include words like often, seldom, frequently and usually which
may mean different things to different students; and (4) criterion inadequacy can be a
problem with some measures because scientific attitudes measurement could clearly be
validated by observing students in the laboratory performing experiments but in most case

clear validity checks are not available (Laforgia. 1988: 413-414).

10. Educational Assessment

Educational measurement refers to the process of determining a quantitative
or qualitative attribute of an individual or group of individuals that is of academic relevance
(Oosterhof. 1994: 6). Terms ‘measurement’, ‘assessment’, and ‘evaluation’ are often used
interchangeably in education. Measurement is concerned with establishing characteristics
of individuals or groups of individuals, but measurement does not associate value to what
one see. Evaluation combines the measures with other information to establish the
desirability and importance of what one has observed, or evaluation is the outcome of
measurement after added value. Assessment is often used as a stylistic alternative to
measurement. Sometimes measurement is perceived as quantitative, cold, and less
desirable. Assessment, on the other hand, is seen as qualitative and warm. Moreover,

assessment can be viewed as having broader connotations than measurement because it
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refers to a related series of measurement to determine a complex attribute of an individual
or group of individuals (Oosterhof. 1994: 4-7). In summary, measurement is a component
of evaluation which combines measures with other information to establish the desirability

and importance of what we have observed.

10.1 Role of Educational Assessment

Educational assessment is used to facilitate formative, summative, and
diagnostic evaluations (Bloom; Hastings;& Madaus. 1981). Oosterhof (1994: 8-10)
summarized a fourth role of educational assessment as following: (1) preliminary
assessments occur during the first days of school to provide a basis for expectations
throughout the school year. Teachers informal observe and oral question to their students.
The question will be addressed later if teachers found it has the potential to restrain what
students learn; (2) formative assessments occur during instruction. Formative assessments
are based on continuous informal assessment (e.g., listening to what students say, using
oral questions to probe comprehension, and watching students’ facial expressions and other
behavior) and are based on formally developed assessments such as quizzes, seatwork,
and homework; (3) summative assessments occur at the end of a unit or the end of the
year. Summative assessments are used to certify student achievement and assign end-of-
term grades and can be served as the basis for promoting or determining whether teaching
procedures should be changed before the next school year; and (4) diagnostic assessments
occur before or during instruction. Diagnostic evaluations are concerned with skills and
other characteristics of current instruction. During instruction, diagnostic evaluations are
used to establish causes for a student failing to learn. Before instruction, diagnostic
evaluations try to anticipate conditions that negatively affect learning and based mostly on
informal assessment. In summary, measurement facilities preliminary evaluations that
occur during the first days of schools, formative evaluations during instruction, summative
evaluations at the conclusion of instruction, and diagnostic evaluations when difficulties in
learning occur or are anticipated. In this review literature will provide more detail for

formative assessment because it is mostly related to this study.
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10.1.1 Formative Assessment

Formative assessment is an effective way to improve instruction in
classroom. According to Bell; & Cowie (2001: 82-93), the formative assessment model
consists of planned and interactive formative assessment. Planned formative assessment
is the process tended to be done with all students in a class. This form of assessment
consists of three processes: eliciting, interpreting, and acting. Interactive formative
assessment is the process tended to be done with some individual students or small
groups. The interactive formative assessment consists of three processes: noticing,
recognizing, and responding. In this review on the planned formative assessment related to
this research is described as following.

Followed Bell; & Cowie (2001: 82-93), planned formative
assessment contains three phases (eliciting, interpreting, and acting). Each phase is
described as following: (1) eliciting information is the process that teachers plan in advance
to gain information on their students’ science understanding and skills learning. Eliciting
information can be done at the beginning, during, and at the end of the unit by asking quick
questions to gain information of students’ on-going understanding, brainstorming to obtain
information of students’ prior knowledge, asking the students to generate what they were
interested in finding out, making physical models of elicit information which did not depend
on the students’ knowledge of scientific vocabulary, and asking students to record their
explanation of how an event occurred to gain information of students’ conceptions; (2)
interpreting is a process that teachers plan to interpreted the information gained from
students. During this process, the teacher usually uses science criterion-referenced to
interpret students’ information. That is, the teachers would like to know if students have
learnt and understood science teachers intended them to learn; and (3) action on the
interpreted information. This process is the essential aspect of formative assessment that
distinguished it from continuous summative assessment. To do so, teachers have to plan
to have a flexible programmed and allow ways for students’ response. In general, the
action is based on science-referenced ways of acting. The science-referenced ways of

acting is the process that the teachers guide the students towards science by addressing
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students’ alternative conceptions. To do so, teacher can give them feedback to make sure
that the students perform tasks in the way they have described. Feedback is the process
aim to bridge the ‘gab’ between what teachers intend to teach and what students gain in
class (Bell; & Cowie. 2001: 114). Nicol and Macfarlane-Dick (2006: 205) summarized
features of a good feedback. The good feedback should: (1) help clarify what good
performance is (goal, criteria, expected standards); (2) facilitate the development of self-
assessment (reflection) in learning; (3) deliver high quality information to students about
their learning; (4) encourage teacher and peer dialogue around learning; (5) encourage
positive motivational beliefs and self-esteem; (6) provide opportunities to close the gap
between current and desired performance; and (7) provide information to teachers that can

be used to help shape teaching.

10.2 Criterion- and Norm-Referenced Interpretations

Scores on a test or any measure must have a frame of reference in order
to be interpretable. The frames of references commonly used included: ability-referenced,
growth-referenced, norm-referenced, and criterion-referenced. The characteristics of each
reference are summarized as follow: (1) ability-referenced is related to a student’s
performance interpreted in that student's maximum performance; (2) growth-referenced is
related to performance compared to the student’s prior performance; (3) norm-referenced is
provided by comparing the student’s performance to others performance; and (4) criterion-
referenced is providing by describing what the student can and cannot do. Among these,
the norm-referenced and criterion-referenced tests are the most useful (Oosterhof. 1994:
12). Therefore, in this review, only criterion- and norm-referenced are discussed. Criterion-
referenced interpretations involve comparing a student's performance to a well defined
content domain. To permit a criterion-referenced interpretation, the description of what is
being measured must be concise (Oosterhof. 1994: 14-15). Norm-referenced
interpretations involve comparing a students’ performance to that other students. For
example, a student can type faster than 60% of the students completing a typing class

representing a norm-referenced interpretation. Norm-referenced interpretations are limited
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in that they do not define what a student can and cannot do but they do help answer

questions such as what is typical and what is reasonable (Oosterhof. 1994: 23).

10.3 Formal and Informal Assessments

The major distinction between formal and informal assessments is that
formal assessments are devised in advance whereas informal assessments are
spontaneous. Formal assessments involve written test, assignments, and performance
assessments. Moreover, formal assessments usually provide a more systematic coverage
of instructional objectives and more likely to measure students’ performance. Informal
assessments, on the other hand, tend to involve observations and oral questions because
they can be spontaneous and continuous, so informal assessments dominate within
preliminary, diagnostic, and formative settings. Teachers rely almost on informal measures

to assess students’ typical versus maximum behavior (Oosterhof. 1994: 33).

10.4 Cutting Score

Cutting score is a way to determine students’ performance in that of higher
or lower than a cutting score. The cutting score can be classified in three ways: (1)
Judgmental Methods or Test-centered Methods; (2) Empirical Methods or Examinee-
centered Methods; and (3) Combination Method (citing Saiyod; & Saiyod. 2000: 268).
Judgmental methods include Angoffs method (1971), Ebel's technique (1972) and
Nedelsky’s method (1954). This method, experts set the cutting score by reviewing
individual item in the test and then deciding on the level of performance on each item that
is considered adequate for the field under consideration. This leads to the determination of
a minimum performance level for the test, quantified by combining the experts’ projection of
the performance of a minimally competent candidate on a combination of all test items
(citing Saiyod; & Saiyod. 2000: 268-273). Empirical methods include Livingston’s method
(1975, 1976), Decision-Theoretic Approach (Glass, 1978), Huynh’s method (1980) and Krie-
wall’s method (1972). Experts determine cutting score and make pass/fail decisions about

actual examinees after they have written the test. The distributional properties of the data
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(e.g., central tendencies and standard deviations) are examined and cutting score is set
based on these (citing Saiyod; & Saiyod. 2000: 274-285). Combination methods include
Contrasting groups (Zieky; & Livingston. 1977), Bayesian method (Hambleton; & Novick.
1973), and Berk’s method (Berk. 1976). In this review, only Berk’'s method (1976: 4-9) will
be discussed. Berk's method is widely used in educational assessment because it is able
to maximize the probability of correct master and non-mastery decisions, or minimize the
probability of incorrect decisions. The method is to select empirically optimal cutting score
for a test based on response data from validation samples of instructed and uninstructed
students. There are two major components involved in determination of the optimal cutting

score which are classification of outcome probabilities and validity coefficient.

10.4.1 Classification of Outcome Probabilities

Two criterion groups are selected: instructed and uninstructed.
The instructed group (I) consists of students who received effective instruction on the
objective to be assessed. These students are masters (M). Another group, uninstructed
group (U), consists of students who have not received instruction on the objective. These
students are non-masters (N). The two groups should have the equal size of samples and
each group should have at least 100 students to assure stable estimates probability. If the
sampling of independent instructed and uninstructed groups is not feasible, one pre-
instruction and post-instruction sample is recommended. Then, test items (i) will be
administered to the two groups. Student scores, ranging from 0 to 1, can be divided by a
cutting score (C) into two categories: predicted master and predicted non-mastery.
Predicted master (PM) is a frequency of the number of students at or about the cutting
score. Predicted non-master (PN) is a frequency of the number of students below the
cutting score. This results in four possible classification which are: (1) True Masters (TM)
which students instructed and their test scores lie at or above the cutting score; (2) False
Masters (FM) which student uninstructed but their test scores lie at or above the cutting
score (Type IlI) misclassification error); (3) True Non-master (TN) which students

uninstructed and their test scores lie below the cutting score; and (4) False Non-masters
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(FN) which students instructed but their test scores lie below the cutting score (Type |
misclassification error). Score distributions of the two groups are the primary determinants
of accurate classifying students as true masters and true non-masters. The degree of
accuracy is dependent on the amount overlap between the distributions. The test would be
useless if the distributions completely overlap, but if no overlap, it indicates that the test can

perfectly classify students. Some overlap also occurs exemplified in FIGURE 6.

e Insructed Group
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FIGURE 6 PREDICTOR AND CRITERION CLASSIFICATION OF STUDENTS FOR

INSTRUCTED AND UNINSTRUCTED GROUPS SCORE DISTRIBUTIONS

Source: Berk, R. A. (1976: Winter). Determination of Optional Cutting Scores in

Criterion-Referenced Measurement. Journal of Experimental Education. 45(2): 6.

The intersect point is the optimal cutting score (C). Cutting scores
will increase Type | misclassification error (FN) and decrease Type Il error (FM). Type |
error (FN) will decrease and Type Il error (FM) will increase if cutting scores are below C.

The following steps are the way to identify the optimal C, the two-way classifications of
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outcome probabilities. The first step is to set up a two-way classification of given frequency
distribution for each possible cutting score. The probabilities of the four outcomes can then

be calculated from the following formulas:

P(TM) = TM/(M+N)
P(FM) = FM/(M+N)
P(TN) = TN/(M+N)
P(FN) = FN/(M+N)

These probabilities are then used to calculate probability of
incidence of mastery in population (BR) and probability of predicted master in population
(SR). The probability of non-mastery in population is expressed as 1-BR, and the
probability of predicted non-mastery in population is 1-SR. In conclusion, determination of
optimal cutting score focuses on the score which maximizes the probability of correct
decisions, p(TM) + p(TN), and minimizes the probabilities of incorrect decisions, p(FN) +
p(FM). In addition, validity coefficient will also be considered in order to choose the best

optimal cutting score.

10.4.2 Validity Coefficient
Validity coefficient is an alternative factor to consider the optimal
cutting score. The cutting score which has the highest coefficient will yield the highest
probability of correct decisions. The validity coefficient is the Pearson correlation between
the two dichotomous variables (phi coefficient, &,;) and can be computed by using the

formula as following:

@ =  P(TM)-BR(SR)

VBR(1-BR) SR(1-SR)
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The formula show that the maximum value of the coefficient will be reached (9,. =
1.00) only when BR is equal to SR. In summary, the optimal cutting score is the score that
has the lowest p(FM) + p(FN), the highest p(TM) + p(TN) and the highest Q..

In conclusion, this study was inspired by surveying Thai high school students’
alternative conceptions on chemical bonding and influenced by the results of previous
studies of those conceptions. The literature review which contains several topics: a
constructivist view of learning, conceptions, conceptual change, students’ alternative
conceptions, the 5Es instructional model, elicitation strategy, and the concept of
metacognition followed by science process skills, students’ attitudes toward chemistry and
educational assessment. These provided the theoretical and methodological framework to
do research on developing the learning units to improve high school students’ concepts of
chemical bonding, metacognitive ability, science process skills, and attitudes toward

chemistry.



CHAPTER THREE

METHODOLOGY

This chapter reports on the processes for developing learning units incorporated
with elicitation strategy concerning chemical bonding concepts for high school students in
Thailand. These following processes of the developed learning units are chronologically
described:

1. Research Participants

2. Materials for the Study
3. Research Methodology
4. Roles of Individuals

5. Statistical Analysis

1. Research Participants

The research participants in this study included: (1) a researcher, (2) two
chemistry teachers, and (3) high school students.

1. The researcher developed the learning units, research assessments, and
conducted teacher training in the “teacher preparation” stage. During the preparatory stage
and confirmatory stage, the researcher was an observer of the instructional process in the
classrooms and collaborated with teachers to give feedback to students to improve their
learning just in case the teachers had not understood fully how to give the feedback.

2.  Participating teachers consisted of 2 chemistry teachers who had
experience in teaching chemistry to high school students for at least ten years. One from
Singburi School in Singburi province had been prepared for a good understanding of the
learning units and roles of teachers; then, she taught students by using the developed
learning units in preparatory stage (the first semester of 2552 B.E. academic year). The
other from Banmi Wittaya School in Lopburi province had been prepared in the same way;
then, she taught students by using the learning units in confirmatory stage (the second

semester in the same academic year).
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3. Participating students were high school students from Singburi School and
Banmi Wittaya School. During the preparatory stage, a class of 32 participating students
from Singburi School was taught by participating teachers (the first semester of 2552 B.E.
academic year). During the confirmatory stage, a class of 36 participating students from

Banmi Wittaya School was treated (the second semester in the same academic year).

2. Materials for the Study

Materials for this study are categorized into 2 parts as follows:
2.1 Learning units included learning activities on the concepts of chemical
bonding based on the incorporation of elicitation strategy.
2.2 Research instruments for collecting data included both quantitative and
qualitative instruments as follows:
2.2.1 An assessment of scientific concept concerning the concept of
chemical bonding by using a test of chemical bonding concept.
2.2.2 An assessment of metacognitive ability by using metacognitive
inventory.
2.2.3 An assessment of science process skills by using science process
skills test.
2.2.4 An assessment of attitudes toward chemistry by using attitudes toward
chemistry questionnaire.
2.2.5 Teachers’ opinion towards the learning units questionnaire.

2.2.6 Students’ opinion towards the learning units questionnaire.

3. Research Methodology

The learning units which incorporated elicitation strategy in the context of chemical
bonding consisted of 2 main stages including preparatory and confirmatory stage. The two
stages are described as follows (TABLE 6):

Stage 1: Preparatory stage. This stage involved: (1) Identifying students’
alternative concepts concerning the concepts of chemical bonding. This process included

both reviewed literature and surveyed 64 Thai high school students’ alternative conceptions
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by using open-ended test. The students’ responses then were used as a clue to develop
the learning units; (2) defining the learning objectives of the learning units. The intended
learning objectives included concepts of the students concerning chemical bonding,
metacognitive ability, process skills, and positive attitudes toward chemistry; (3) developing
the learning units and the research instruments. The developed learning units incorporated
with elicitation strategy included Teacher Guide Book and Student Book; (4) field trialing the
learning units. The learning units were fully trial to a class of 36 participating students from
Singburi School (the first semester of 2552 B.C. academic year) in order to investigate if
they work; and, (5) revising the learning units based on information from the field trial study
before using in the next stage.

Stage 2: Confirmatory stage. This stage was related to: (1) preparing teacher
in terms of a good understanding of the learning units; (2) Informing participating teacher
and student individual about their role before the learning units were implemented; (3)
implementing the learning units to a class of 32 participating students from Banmi Wittaya
School (the second semester of 2552 B.C. academic year). Before involvement in the
learning units, the students were administered a pre-test as a means of measuring the
dependent variables. Then, the full implementation of the learning units was undertaken.
Finally, the post-test was administered to this class to make a final measurement of the
dependent variables post-implementation; (4) collecting data from the implementation. The
gathered quantitative data included scores of the students from concept test concerning the
concepts of chemical bonding, metacognitive inventory, science process skill test, and
attitudes toward chemistry questionnaire. Moreover, qualitative data included teachers’ and
students’ opinion toward the learning units; and, (5) analyzing the quantitative data to test
the research hypotheses. The analysis can be done by comparing a post-test mean score
to its cutting score. In addition, a mean score of students’ attitudes toward chemistry was

compared to the criterion score.
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Preparatory

Defining alternative

concepts

Development

Learning Units

Research Instruments

Field trial study

Revising the learning units

Defining the areas of
problematic concepts
from both reviewed
literature and surveyed

students’ concepts.

Developing a learning unit
draft which incorporated
with elicitation strategy.
The learning units
consisted of Teacher
Guided Book and Student
Book.

Developing research
instruments for collecting
data. The instruments
consisted of: chemical
bonding concept test,
metacognitive inventory,
science process skill test, and

attitudes questionnaire.

Preparing a teacher in terms
of a good understanding the
learning units. Then, the
learning units were thoroughly

trial to a class of 32 students.

Collecting data from the field trial
on these following areas: (1)
concepts of chemical bonding, (2)
metacognitive ability, (3) science
process skills, and (4) attitudes
toward chemistry. Then, revision
of the learning units based on the

above information was performed.

Confirmatory

Teacher preparation

Main study

Data collection

Data analysis

Documentation

Preparing a teacher in
terms of well
understanding the
learning units by setting
informal meeting
between the teacher
and the researcher.
Also, Teacher's Guide
Book and Student Book
were discussed during

this meeting.

The participating teachers
taught a class of 36
students following the
learning units. Students’
responses on elicitation
activities were used as a
key to extend and make
the learning units to be

more flexible.

Quantitative data was
collected from scores of the
students from pre- and post
test. Qualitative data was
gathered from: (1) a process
of formative assessment:
elicitation, interpretation, and
taking action done by the
teacher , and (2) teacher’s
and students’ opinion toward

the learning units

Quantitative data collected
from the students was
analyzed by statistical method
to test research hypothesis.
Qualitative data from
student’s and teacher’s
opinion was used in
discussion part to support a

result of this study.

The researcher summarized the
results of a research finding.
Conclusion whether 4 research
hypotheses were supported.
Discussion about this research
finding agrees or disagrees with
other studies and recommendation
for classroom practice, school
administration, professional

development, and future study.
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3.1 Stage 1: Preparatory Stage
The preparatory stage consisted of 4 sub-stages which included: (1)
defining alternative concepts of students concerning the concepts of chemical bonding, (2)
developing the learning units, (3) developing research instruments for collecting data, (4)
field trial study, and (5) revising the learning units. The descriptions of each sub-stage are

illustrated as follows:

3.1.1. Defining alternative concepts of students

Alternative concepts of Thai high students concerning the concepts
of chemical bonding gained from a survey. The survey was conducted by the researcher
and students’ responses on the survey were used as evidence that Thai students had held
alternative concepts concerning chemical bonding. Then, the alternative concepts of
students were grouped under main topics followed a concept flow of a Chemistry Teacher
Handbook (IPST. 2001: 69-77) and these provided ways to develop the learning unit draft
which was relevant to address those alternative concepts. Also, the alternative concepts of
each topic were used as a hallmark: (1) to ask students about their ideas through a process
of elicitation, and (2) to build upon responses of the students from elicitation activity for

helping them to develop scientific conceptions throughout the instructional process.

3.1.2. Developing the learning units

The processes of a learning unit development are as follows:

1. The scope of chemistry content and general learning
outcomes were determined following standards of Thailand’s Basic Education Curriculum,
B.E. 2544 (Ministry of Education. 2001). Chemistry is presented in a sub-strand 3 “Matters
and Properties of Matters.” Chemical bonding in particular is described in standard science

3.1. The detail of standard science 3.1 is illustrated as follows:

Standard Sc 3.1: The student should be able to understand properties of matters,
relationship between properties and structures and forces among particles, have skills in
investigative processes and possess a scientific mind, communicate acquired knowledge and

make positive applications of knowledge.
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The general learning objectives: Students at grades 10-12 should be able to
investigate, analyze data, discuss and explain chemical bond formation in the molecule or in
crystal structure, relationship between properties of substances, e.g., boiling point, melting point,

and state and binding forces between particles of each substance.

2. Analyzing specific learning objectives focusing on the
concepts of chemical bonding and science process skills.

3. Analyzing problematic issue concerning alternative concepts
of students. As stated earlier, the alternative concepts of the students derived from the
literature review and the survey of 64 Thai high school students including boys and girls.
The analysis of conceptual problems and pedagogical concerns were also used as a basis
for reflection on problems of a current instruction. Outcomes from analysis of particular
conceptual problems of the students included: (1) a specification of the ideas to be taught,
(2) an analysis of some conceptual problems students had encountered, and (3) a critique
of current pedagogical strategies (Driver. 1988: 140). Elicitation strategy then was
designed to be incorporated into each phase of the 5Es instructional model to build upon
these conceptual problems.

4. Developing a learning unit draft. The draft was classified to
be a Teacher Guided Book and Student Book. These books had basically the same
necessary information including: (1) learning outline, (2) topics, (3) time usage, (4) intended
learning objectives, (5) chemical bonding content, (6) learning activities, (7) elicitation
activities, (8) chapter exercises, and (9) blank page for reflecting what concept was
changed. Furthermore the Teacher Guide Book contains additional relevant information on:
(1) chapter reviews, (2) ways to perform a planned formative assessment, (3) answers key
for the chapter exercises, and (4) description for each activity and laboratory.

5. Determining the quality of the learning units. The learning
units were verified by 3 experts in these areas: (1) appropriateness of the Teacher Guide
Book, (2) appropriateness of the Student Book, and (3) consistency of the learning units.

Then, the learning units were revised as suggested by the experts.
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6. Field trial study with a class of 36 participating students
from Singburi School to investigate the suitability of time, language used and other factors.

The learning units then were improved according to the field trial information.

3.1.3 Developing research instruments
Research instruments for collecting data in this study includes: (1)
chemical bonding concept test, (2) metacognitive inventory, (3) science process skill test,
and (4) attitudes toward chemistry questionnaire. A process of developing each research

instrument is described as follows.

3.1.3.1 Chemical Bonding Concept Test
Chemical bonding concept test was developed by the
researcher to determine concepts of high school students concerning chemical bonding.
The test used a two-tier format which consisted of 12 main items and 32 sub-items. The
first tier consisted of a content question having 2 to 4 selected choices and the second tier
contained the open-ended format which allowed the students to give their possible reasons
for the first tier answer. The processes of the development are illustrated as follows:

1. Determining content areas of chemical bonding
concepts. This content areas was based mostly on a list of propositional knowledge
appeared in Chemistry Textbook Volume 1 (teacher handbook) of the Institute for the
Promotion of Teaching Science and Technology, Thailand (IPST) (B.E. 2544: 69-77).

2. Constructing open-ended questions. The open-
ended questions covered main ideas that had appeared on the teacher handbook of
chemistry textbook.

3. Verifying the content validity. The test verified the
content validity between the target concepts and the item test by 5 experts. The test was
then improved following the experts’ suggestions. The index of consistency (I0C) was used

for determining a content validity.
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4. Surveying alternative concepts of high school
students to fulfill scoring criteria. The open-ended test was administered to 2 classes of 64
high school students from Singburi School, Singburi province (the second semester of 2551
B.E. academic year) who were not the target group. Response combinations between the
first and second tier provided data about alternative concepts of the students. The
responses of the students were classified to be: (1) complete concepts when the students
had selected a correct answer for the first tier and also explained their reason to support
answer correctly; (2) incomplete concepts were determined when the students had chosen
an correct answer without given reason for the second tier; (3) alternative concepts were
established when the students had chosen an incorrect answer for the first tier and/or given
an incorrect reason for the second tier. The responses of students were notified to be the
alternative concepts when there was at least 7 percent of students’ response; and (4) no
concepts were specified when the students selected an incorrect answer without given
reason for the second tier.

5. Revising test items and scoring criteria. After testing
with high school students, if an item of the test was still found to be a problem, it was then
revised. And, some responses of those students were selected to be an example within the
scoring criteria.

6. Examining and identifying the reliability of the test.
The test was administered to: (1) 2 class of 70 high school students from Singburi School,
Singburi province, and (2) a class of 45 high school students from Chaibadan Wittaya
School, Lopburi province, (the first semester of 2552 B.E. academic year). Subsequently,
scores of those students were used for testing item discrimination (r) using the upper and
lower 27% of the sample group technique. Cronbach’s alpha coefficient was used for

indicating the reliability of this test.

3.1.3.2 Metacognitive Inventory
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Metacognitive inventory was also developed by the
researcher. This inventory was developed which intended to measure metacognitive ability
of students. The students were expected to link their cognitive knowledge and their
metacognitive knowledge in term of increasing a status of being awareness as learners who
took responsibility for their own learning. The developed metacognitive inventory consisted
totally of 3 cognitive tasks in the context of chemical bonding. Two tasks were design to
assess metacogntive knowledge (or knowledge of cognition), and the other was created to
measure metacognitive control (or regulate of cognition). The process of the inventory
construction is described as follows:

1. Identifying the definition of terms used in this study.
Metacognition meant an ability to explicitly think about ideas or concepts one held.
Metacognition consisted of metacognitive knowledge and metacognitive control.
Metacognitive knowledge included: (1) declarative knowledge, (2) procedural knowledge and
(3) conditional knowledge. Metacognitive control means where students monitor, control,
and regulate their cognition and learning including: (1) planning, (2) monitoring, and (3)
evaluating.

2. Determining cognitive task and metacognitive
behavior objectives. According to Gunstone (1994: 145), assessment of metacognition
required appropriate content contexts for achieving metacognitive purposes. The
researcher stressed that the context should be neither already understand nor totally
unfamiliar. Therefore, in this study, students would be introduced to the types of items on
the inventory which were neither too easy nor too difficult for them to understand. The
cognitive tasks related to concepts of chemical bonding. The students were expected to
use given information to connect what they had learned, what they had currently
understand, what they had already known, and what else they had not known in order to
link the new information into their current understanding.

3. Constructing open-ended questions and scoring
criteria. The inventory consisted of totally 3 tasks in the context of chemical bonding. The
tasks allowed student to see and be able to build on an existing conceptual understanding
on those chemical bonding concepts and their approach to complete the task. If students

reflected relevantly among: (1) a purpose of the task, (2) their weakness or strengthens
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related to that task (e.g., what do they already know, what don’t they know, how far are they
from their goal, and what should they do next to reach their goal), and (3) their particular
strategy to complete that task, they then were considered as a learner who has a
metacognitive knowledge. Scoring criteria used for determining the metacognitive ability of
the students depended on definition of a ‘correct’ metacognitive ability. For instance,
understanding how a given task related to a particular topic, or what strategy was needed
to complete this kind of tasks may reflect development of metacognitive ability. Level of
metacognitive ability was classified to 3 levels; therefore, a possible score of each question
ranged from 0-2.

4. Verifying the face validity by experts. The face
validity of the inventory was verified by 3 experts. Domain considerations for the expert
included: (1) the consistency between an objective and a question of that item, (2) the
correctness of clearly communicating language, (3) the correctness of ways to answer a
question, and (4) the suitability of scoring criteria for each item. Results of the expert
judgment were determined in term of an index of consistency (IOC). The test was then
improved following the experts’ suggestions.

5. Trying out with high school students to verify
understandable language. A small group of high school students, who were not a target
group, proof read and criticized the inventory; then, the inventory was revised in order to be
better understood.

6. Field testing the inventory. The inventory was
examined with 2 classes of 62 high school students from Princess Chulabhorn's College,
Lopburi. Some responses from these students were put in scoring criteria to be used as an
example of answers for each item. Scores of the students from this examination were used
for computing a reliability of Cronbach’s alpha coefficient.

7. Analyzing data. Students’ responses to each item
were scored by ranging from 0-2 marks. In the event that students responded in an unclear

or confused way, an informal interview would be conducted to complete the inventory.
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3.1.3.3 Science Process Skills Test

Science process skills of students were measured by using the
Test of Integrated Process Skills Il (TIPS IlI). The TIPS Il was originally developed by
Burns; et.al. (1985). The test was in a form of paper-and-pencil and composed of 36
selected choice with 4 options. Originally, the test was administered to middle and high
school students in the Northeastern United States and the 36-item test was completed in a
normal class period. Results of test development at the beginning were: (1) a mean score
of 19.14 (N= 459 grades 7 to 12), (2) Cronbach’s alpha reliability of 0.86, (3) an average
item difficulty of 0.53, and (4) a discrimination index of 0.35. The completed version
consisted of 5 aspects concerning integrated science process skills which composed of: (1)
defining operation (12 items), (2) formulating hypotheses (9 items), (3) graph interpretation
(6 items), (4) operationally defining (6 items), and (5) designing investigation (3 items).

This research study, with the exception of the graph
interpretation aspect, used the other four aspects of integrated science process skills. The
aspect of graph interpretation was eliminated because these learning units had not
contained learning activity in improving skills of this area; therefore, only 30-item test was
then translated to Thai language and improved to be more appropriate language by the
supervisor. The test was administered with a 151 Thai high school students from Nong-
Sang Wittaya, Saraburi province. Students’ responses were scored individually by marking
+1 for a right answer and O for a wrong one. Scores of these students were consequently

used for calculating a reliability of the test, item difficulty and discrimination index.

3.1.3.4 Attitudes toward Chemistry Questionnaire
Attitudes toward chemistry questionnaire was developed in a
form of five-point Likert scale, which consisted of a number of opinions statements. Each
statement reflected the feeling of a student as either a favorable or an unfavorable reaction
to chemistry. The processes of developing attitude toward chemistry questionnaire are

detailed as follows:



85

1. Defining the definition of attitude toward chemistry. In
this study, an attitude object is chemistry. The chemistry was defined based on the study
done by Dalgety; et.al. (2003: 653) whose work referred chemistry to be chemistry culture
which included: (1) chemistry theory, (2) chemistry laboratory, and (3) values influencing
behavior and the belief systems of individuals.

2. Constructing statements which reflected positive or
negative feeling toward chemistry. The constructed statements were categorized to 4
aspects including: (1) the importance of chemistry in their life, (2) the easy-difficulty
perspective, (3) the interest of chemistry course, and (4) the usefulness of chemistry course
for further career. Nonetheless, some items were selected and adjusted from the previous
study. For instance, statement 5 was selected and adapted from the study done by Menis
(1989: 189-190). Besides that, 15 statements came from the study done by Salta; &
Taougraki (2004: 545-546) which were statements 2, 3, 4, 5, 6, 7, 9, 13, 14, 16, 19, 26, 29,
31, 32. However, the statement 2, 6, 7, and 16 were changed a little bit from the original
source to be easier to understand for Thai students. The remaining statements were
created by the researcher to complete the questionnaire. All statements were constructed
by avoiding referred to the past experience. Then, all statements were randomly placed
within the questionnaire. Totally 40 statements with 10 statements of each category, and
20 statements were considered to be favorable toward chemistry and 20 unfavorable
toward chemistry.

3. Verifying face validity by 3 experts. The experts verified
the face validity between the purpose of each category and each statement. Then, it was
improved following the experts’ suggestions.

4. Trailing with a few students for comprehension. The
questionnaire was verified an understandable language by a small group of high school
students who were not target group. The questionnaire then was revised to be better
understood.

5. Field testing the questionnaire. The questionnaire was
administered to a 4 class of 132 high school students. The 2 classes of 70 high school

students from Singburi School, Singburi province and the other 2 class of 62 high school
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students from Princess Chulabhorn's College, Lopburi province. Students’ responses to the
questionnaire were used for computing Cronbach’s alpha coefficient.

6. Analyzing data. Students’ attitude toward chemistry
determined by the attitude questionnaire. The questionnaire contained 10 statements of
each category and a total number of 40 statements. All statements used a five-point Likert
scale ranging from ‘strongly agree’ to ‘strongly disagree.” The favorable statements were

scored from 1 to 5 and the unfavorable statements were scored in the reverse order.

3.1.4. Field Trial Study

After having been verified for appropriateness and a consistency by
experts, then the learning units were taught with a class of 36 high school students by a
participating teacher from Singburi School in the first semester of 2552 B.E. academic year.
Before teaching, the teacher was prepared in term of well understanding about how to
implement the learning units via an informal meeting. The meeting between the teacher
and the research took place 3 times from August to September in 2552 B.E. academic year
and it took approximately 2 hours for each. After the teacher's preparation was finished,
the teacher then taught students by using the learning units as a field trial study from
September to October in the same academic year.

During the field trial study, quantitative and qualitative data were
collected. The quantitative data included scores of the students from: (1) chemical bonding
concept test, (2) metacognitive inventory, (3) science process skill test, and (4) attitudes
toward chemistry questionnaire. The above scores were collected before and after an
instruction except for the attitudes of the students were gathered after the instruction.
These scores then were analyzed by statistical method. In addition, qualitative data were
collected from: (1) during a process of planned formative assessment, and (2) teacher’s and
student’s opinion toward the learning unit form. The formative assessment data included
(1) ways that the teacher interpreted students’ responses on elicitation strategy, (2) ways
that teachers gave feedback, and (3) ways that the students reacted with that feedback. In

case that the teacher had not well understood how to interpret and take action, the teacher
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might collaborate with the researcher to do that process. Furthermore, other problematic
issues that happened during the instruction were used to revise the learning units to

improve them further before they were implemented in the main study.

3.1.5 Revising the learning units
A final phase of the learning unit development involved a revision.
All information from field trial study, a classroom observation, and suggestion from the
teacher were used to make the revision to the learning units. If some activities had to be
adjusted, the learning units then were revised accordingly. After the revision had been
completed, an actual implementation of the learning units was ready for use in a

confirmatory stage.

3.2 Stage 2: Confirmatory Stage
A confirmatory stage is reported here and involved: (1) teacher
preparation, (2) implementation learning units as a main study, and (3) data collection.

Descriptions of each are illustrated as follows:

3.2.1. Teacher Preparation

A teacher is responsible for establishing a classroom climate in
order to facilitate student learning. Hewson (1996: 137-138) stated that the teacher can
make a good learning process to support learning scientific concepts by: (1) setting
appropriate context and activity, (2) posing relevance problems, (3) exploring what underlies
different students’ ideas, (4) finding ways to help the students become satisfied with
scientific conceptions, (5) introducing tasks to acquired scientific concepts, and (6)
assigning the student to discuss their ideas explicitly. In sum, the role of teachers is valued
in the instructional process; therefore, a well prepared teacher in term of understanding the
learning units before implemented was important. To do so, the researcher arranged an
informal meeting between the participating teacher from Banmi Wittaya School, Lopburi

province and the researcher. To provide a deeper understanding of the learning units, the
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meeting took place at Banmi Wittaya School where the learning units were to be
implemented. There were 3 meetings and each was 2-3 hours long. To assure that the
teacher knew what to do and how to do formative assessment, contents in the Teacher
Guide Book and the Student Book and past experiences from the field trial study were

covered in this discussion.

3.2.2. Implementing the learning units

The procedure for implementing the learning units was basically
the same as that in the field trial study. The implementation took place to a class of 32
participating students of Banmi Wittaya School from December to February (the second
semester of 2552 B.E. academic year). The students were administered a pre-test as a
mean of measuring dependent variables before the learning units were implemented. Next,
the learning units were implemented with this class. Finally, a post-test was administered
to the students to provide a final measurement of those dependent variables post-
implementation. The effects of the experimental treatment in terms of concepts of the
students concerning chemical bonding, metacognitive ability, and science process skills
were determined by comparing their post-test mean scores with the cutting scores. In

addition, attitudes toward chemistry mean score were computed and reported.

3.2.3 Collecting data

During the learning unit implementation to a classroom of 32
participating students from Banmi Wittaya School, quantitative and qualitative data were
collected. Quantitative data were gained from: (1) chemical bonding concept test, (2)
metacognitive inventory, (3) science process skill test, and (4) attitudes toward chemistry
questionnaire. Students’ scores of dependent variables from pre-tests and post-tests were
collected and computed. Effects of the experimental treatment were determined by
comparing those post-test mean scores and their cutting scores. Furthermore, qualitative
data were collected the same as for the field trial study. Also, the participating teacher and

students were asked to express their opinions toward the learning units through a
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questionnaire. This questionnaire was developed in a written form to gain necessary

information from participants who had a directly experience in this course.

4. Role of Individuals

Three groups of people including: (1) the researcher, (2) teachers, and (3)

students are involved in this study. Roles of each are summarized as follows.

4.1 The Researcher

The researcher developed the learning units which incorporated specific
elicitation strategy in the context of chemical bonding. Before a field trial study or a main
study, the researcher had collaborated with participating teachers in an informal meeting to
prepare the teachers in terms of a good understanding of the learning units. During the
preparatory stage and confirmatory stage, the researcher was an observer and might
cooperate with those teachers to interpret concepts of the students in the event that the
teachers did not understand fully how to interpret and give feedback; or the teachers had

not enough time to do so.

4.2 The Participating Teacher

During an instructional process, a teacher played a vital role in doing
planned formative assessment. The planned formative assessment was adapted from the
study done by Bell; & Cowie (2001: 84) whose planned formative assessment contained 3
phases including: (1) elicitation, (2) interpretation, and (3) taking action. In this study,
elicitation was done by using elicitation activities which were designed by the researcher.
The activities were incorporated into the learning units and used to gain information on
concepts of the students concerning chemical bonding. Elicitation took place at the
beginning, during, and at the end of the instruction. After the elicitation, those concepts of
the students were interpreted base on a science criterion-referenced. The science criterion-

referenced was an answer of whether the students learned and understood science that the
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teachers had intended them to learn. After the interpretation, the teachers took action on
those on-going concepts of the students to bring them to reach a learning goal. The goal
could be achieved by a teacher action. The action could be done by giving feedback to the
students. The good feedback was based on science-referenced. That is, the teachers
acted on the student understandings towards those of scientists by addressing students’

alternative concepts or pointed a gap between a cognitive goal and how to reach that goal.

4.3 The Participating Students

TABLE 7 THE ROLES OF THE PARTICIPATING STUDENTS

Role of the participating students

consistent with the learning units inconsistent with the learning units

Engagement + Elicitation

-

1. Asking question, such as: Why did this happen? . Asking for the “right” answer

2. Showing interest in the topic 2. Offering the “right” answer

3. Generating preconception or belief about the topic 3. Insisting on answer or explanations

4. Being aware of their preconception about the topic 4. gcckingagne golgien

Exploration + Elicitation

1. Thinking freely, but within the limits of the activity 1. Letting others do the activity (passive

2. Testing predictions and hypotheses involvement)

3. Forming new predictions and hypotheses 2. Working quietly with little or no interaction
4. Trying alternatives and discusses them with others with others

5. Recording observations and ideas 3. Playing around indiscriminately with no
6. Writing down the current understanding on the topic goal in mind

Explanation+ Elicitation

1. Explaining possible solutions or answers to others 1. Processing explanations from thin air no
2. Listening critically to another students explanations relationship to previous experiences

3. Questioning other explanations 2. Bringing up irrelevant experiences

4. Using recorded observations in scientific explanations 3. Accepting explanations without

5. Writing down the ideas about the conceptions justification

6. Being aware of their own and other explanations 4. Having no attention to other plausible

explanations
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TABLE 7 (Continued)

Role of the participating students

consistent with the learning units inconsistent with the learning units
Elaboration
1. Applying new labels, definitions, explanations, and 1. Playing around with no goal in mind
skills in new, but similar, situations 2. Ignoring previous information or evidence
2. Using previous information to ask questions, propose 3. Drawing conclusions from thin air
answer, make decisions and explanations 4. Using in discussions only those labels
3. Checking for understanding among peers that the teacher provided
Evaluation + Elicitation
1. Answering open-ended questions by using 1. Drawing conclusions, not using evidence
observations, evidence, and accepted explanations or previously accepted explanations
2. Demonstrating an understanding of the concept 2. Offering only yes-or-no answers,
3. Evaluating his or her own progress and knowledge memorized definitions or explanations as
4. Asking related questions that encourage future answers
investigations 3. Failing to express satisfactory
5. Being aware of their own changed concepts during explanations in his or her own words
learning period 4. Introducing new, irrelevant topics

5. Statistical Analysis

Statistics involve in this study including: (1) basic statistic for assessing research
instruments, and (2) statistic for testing research hypotheses. The formula for each and

how to deal with it are described as follows.

5.1 Basic Statistic for Developing Research Instruments
A basic statistic for developing research instruments consisted of: (1)
validity, (2) reliability, (3) discrimination index, and (4) difficulty index. Explanation of each

is summarized as follows.

5.1.1 Validity
Content and face validity: The index of consistency (IOC) was

employed to examine content validity of the chemical bonding concept test and the learning



92

units. Also, I0C used to examine a face validity of the metacognitive interventory and the
attitudes toward chemistry questionnaire. The 3 levels of rating scales were weighed by

experts as follows:
Consistent was weight as +1
Unsure was weight as 0

Inconsistent was weight as — 1

The formula used to calculate the IOC was

[ele®™
N
Where; IOC - the index of consistency
2R - summation of expert’ opinion marks
N - a number of experts

5.1.2 Reliability
Reliability of the chemical bonding concept test, the metacognitive
awareness inventory, science process skill test, and the attitudes toward chemistry
questionnaire were examined by Cronbach’s alpha coefficient. SPSS program provided a

measurement of internal consistency (reliability) of the test items.

5.1.3 Discrimination Index (r)
Discrimination index of items on the chemical bonding concept test,
the metacognitive awareness inventory, and science process skill test were offered by

statistic formula as follows:

r = SU'SL
N(Xmax'xmin)
Where; r - discrimination index

Sy - the score summation in the upper group of each item
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S, - the score summation in the lower group of each item

N - the total number of student in the upper group and the
lower group

Xmax - the students’ highest score of each item

Xinin - the students’ lowest score of each item

5.1.4 Difficulty Index

Difficulty index of the science process skill test were analyzed by

statistic formula as follows.

e
N
Where; p - difficulty index
R - the number of students who answered the item correctly
N - the total number of students who administered the item

5.2 Statistic for Testing Research Hypotheses
This research stated 4 hypotheses related to testing students’ learning
outcomes after experiencing the learning units. Methods for testing each research

hypothesis are summarized as follows.

5.2.1 Statistic for Testing Hypotheses One to Three
To investigate the effectiveness of the learning units, 3 dependent
variables consisting of: (1) concepts of the students concerning chemical bonding, (2)
metacognitive ability, and (3) science process skills were analyzed by using their post-test
mean scores compare to their cutting score. The cutting score was computed by following
Berk’s method (1976). The method was to select empirically optimal cutting score for a test
based on response data from validation samples of master and nonmaster students. The

master score on each test came from results of testing on a post-test score of the
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participating students from Singburi School and nonmaster score came from a pre-test
score of participating students from Banmi Wittaya school. The effectiveness of the
learning unit implementation was analyzed by comparing the post-test score of the
participating students from Banmi Wittaya and the cutting score. Two components involved
in determination of the optimal cutting score were outcome probabilities and validity

coefficient demonstrated as followed:

Maximum probability of correct decisions P(TM) + P(TN)

Minimum probabilities of incorrect decisions P(FN) + P(FM)

Validity coefficient

@..=  P(TM) - BR(SR)

VBR(1-BR) SR(1-SR)

Where; P(TM) = TM/(M+N)
P(FM) = FM/(M+N)
P(TN) = TN/(M+N)
P(FN) = FN/(M+N)

When; O, was a validity coefficient (phi coefficient)
BR was the probability of mastery in population
SR was the probability of predicted master in population
1-BR was the probability of nonmastery in population
1-SR  was the probability of predicted nonmastery in population
PM was a frequency of the number of students at or about the cutting score.
PN was a frequency of the number of students below the cutting score.
™ was master students with their scores lie at or above the cutting score

FM was nonmaster student with their scores lie at or above the cutting score
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TN was nonmaster students with their scores lie below the cutting score
FN was master students with their scores lie below the cutting score
P(TM) was probability of true master

P(FM) was probability of false master

P(TN) was probability of true nonmaster

P(FN) was probability of false nonmaster

In summary, the optimal cutting score is the score that has the highest
maximum probability of correct decision, P(TM) + P(TN), the highest validity coefficient

(9D.c), and the lowest minimum probability of incorrect decision, P(FN) + P(FM).

5.2.2 Statistic for Testing Hypothesis Four

Attitudes toward chemistry were analyzed by using basic statistic to
find means and standard deviation. A level of students’ attitudes toward chemistry was
evaluated by comparing mean score from attitudes toward chemistry questionnaire with a
criterion score. The criterion score was categorized in 5 levels including: (1) a mean score
of 4.51 - 5.00 interpreted as a very high level, (2) a mean score 3.51 - 4.50 interpreted as a
high level, (3) a mean score 2.51 - 3.50 interpreted as a medium level, (4) a mean score
1.51 - 2.50 interpreted as a low level, and (5) a mean score 1.00 - 1.50 interpreted as a

very low level.



CHAPTER FOUR

RESULTS OF THE STUDY

This chapter reports results of developing and implementing the learning units
incorporated with elicitation strategy. The procedure for the development comprised a
preparatory and a confirmatory stage. The preparatory stage was related to: (1) defining
alternative concepts of students, (2) developing the learning units, (3) developing the
research instruments, and (4) a field trial study. The confirmatory stage was related to: (1)
implementing the learning units, and (2) obtaining the result in order to test 4 research
hypotheses. Results of the preparatory and confirmatory stage are described in term of
quantitative and qualitative method. Quantitative method uses statistically calculation and
interpretation from a statistic point of view. Qualitative data which came from the teachers’
and students’ opinions toward the learning units are portrayed as supporting evidence of

implementing the learning units.

1. The Preparatory Stage

The preparatory stage was composted of: (1) defining alternative concepts of
students, (2) developing the learning units, (3) the development of the research instruments,

and (4) the field trial study. The result of each process is described as follows.

1.1 Defining alternative concepts of students

Problematic areas of students’ concepts concerning chemical bonding
came from a survey of Thai students with the aim of gaining information on the students’
alternative concepts. The survey took place with 2 classes of 64 tenth grade students from
Singburi School in Singburi province. The students had already learned these concepts
and were administered the test in September 2008. The test was completed in
approximately an hour. Results of this survey were used as a hallmark to design elicitation
activities which were consequently incorporated into the learning units. Also, the results of

the survey were used to layout ways of interpreting students’ idea and preparing learning
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activities. The learning activities were directly built upon these responses of the students in

order to help them develop the concepts of chemical bonding throughout the instruction.

1.2 Developing the learning units
The learning units consisted of a Teacher Guide Book and Student Book.
A detail of information in these books has been described already in chapter three. The
total number of the learning units contained 4 sub-learning units which were: (1) the
interaction between particles, (2) ionic substances, (3) molecular substances, and (4)
metallic substance. Total learning units consisted of 7 lesson plans. For the first lesson
plan, results of analyzed topics, specific learning objectives and ideas for incorporating

elicitation activity are presented in TABLE 8.

TABLE 8 INCORPORATING EILICITATION ACTIVITIES INTO THE FIRST LESSON PLAN

Ideas flow of a scientific concept Specific learning objective

Students should know that: Student should be able to:
Topic: The Interaction Between Particles

1.1 Atoms exist as independent particles in | 1. Define the interaction between particles,

nature and nearly all substances are made chemical bonding, a positive ion, and a

up of combinations of atoms that are held pegelivg ®n,

2. Generate the reasons why the number of
together by chemical bond.
valence electron in an atom is related to its

1.2 A chemical bond is a mutual electrical . .
tendency to gain or lose electrons during

attraction between the nuclei and valence compound formation.

electrons of different atoms that binds the | 3. Describe the formation of positive and negative
atoms together. ions by using octet rule principal.

1.3 One type of chemical bonding results from 4. Identify the difference between positive and

) . . negative ions.
the electrical attraction between opposite
5. Set a hypothesis, determine experimental
ions.
variables, do the experiment, decide the table

1.4 A cation is an atom that has lost electrons. to record data and conclude results from the

An anion is an atom that has gained experiment.

electrons.
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TABLE 8 (Continued)

Ideas flow of target scientific concept Specific learning objective

1.5 Certain atoms tend to gain, lose, or share | 6. Write down the current understanding on
electrons to follow the octet rule. scientific concepts relevant to this topic.

1.6 The octet rule states that chemical
compounds tend to form so that each atom
has an octet of electrons in its highest

occupied energy level.

Elicitation activities were incorporated into the first lesson plan with the aim
of asking students to express their ideas in a general sense of concepts concerning
interaction between particles. For example, Elicitation 1-1 activity asked students to give
reasons to explain why one substance has a high boiling point whereas another has a low
boiling point. After the students expressed their pre-concepts, they performed a laboratory
to test conductivity of several substances in an exploration phase. After the laboratory had
been done, the students were asked through Elicitation 1-2 activity to predict whether cane
sugar and table salt in solid state and dissolved in water can conduct electricity and explained
why. During the explanation phase, a teacher provided the students with scientific concepts
of: (1) interaction between particles, (2) ion formation, and (3) octet rule. Then, the
students expressed their current understanding through Elicitation 1-3 activity which asked
“whether when NaCl was dissolved in water and then it became NaCl solution, positive and
negative ions would be destroyed.” After that, the students experienced with an elaboration
phase in testing ions existing in their solution, and then the students did an assessment
activity. After finishing the instructional process, the students had an opportunity to revise
their answer, as previously recorded in the earlier Elicitation activities. The Elicitation 1-4
activity asked whether the students found something needed to be revised; if so, what it was.

Results of analyzed topics, specific learning objectives and ideas for

incorporating an elicitation activity to the second lesson plan are presented in TABLE 9.
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TABLE 9 INCORPORATING EILICITATION ACTIVITIES INTO THE SECOND LESSON
PLAN

Ideas flow of a scientific concept Specific learning objective

Students should know that: Student should be able to:
Topic: lonic Bond
2.1 Particles in ionic compounds are held | 1. Describe the ionic formation
together by the attraction of oppositely | 2. Describe the solid structure of ionic compound
charged ions. Compounds that contain ionic | 3. Write empirical formula for ionic compound
bonds are called “ionic compounds.” 4. Compare and contrast a chemical formula for a

2.2 The formation of an ionic compound requires molecular compound with one for an ionic
energy and can be an exothermic or compound.
endothermic reaction. 5. Relate a formula unit of an ionic compound to

2.3 lons in an ionic compound are arranged in a its composition
repeating pattern known as a crystal lattice. | 6. Name ionic compound.

The type of crystal lattice depends on the | 7. Write down the current understanding on
ratio of the ions involved and size of the ions. scientific concepts.

2.4 The chemical formula for an ionic compound
called “a formula unit” represents the simplest
ratio of the ions involved. The overall charge
of a formula unit is zero because the formula
unit represents the entire crystal, which is
electrically neutral.

2.5 In written names and formulas for ionic

compounds, the cation appears first, followed

by the anion.

Elicitation 2-1 activity asked students to generate a general sense of ionic
compound formation. By linking to a real-world phenomenon, the Elicitation 2-1 activity
asked how coral (CaCO,) is formed. The answer to this question involved the electron
structure of atoms and an attractive force between opposite ions which leaded the students
to think about how an ionic substance formed. After expressing their pre-concepts to the
Elicitation 2-1 activity, then the students experienced with an exploration phase. This
exploration phase allowed the students to do exercises related to formation of ionic
compound, and they were asked again about their current understanding of the formation of

ionic compound through Elicitation 2-2 activity. This activity allowed the students to make a
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connection among: (1) the macroscopic level (the reaction between solid sodium and
chlorine gas), (2) the symbolic level (a chemical equation to explain the ionic compound
formation), and (3) the microscopic level (a chemical reaction at the molecular level). Then,
in the explanatory phase, the students learned the concepts of: (1) ionic bond formation, (2)
3)

After the explanatory phase, the students

ionic bond formation in terms of exothermic and endothermic reaction, ionic
nomenclature, and (4) ionic crystal structure.
were asked through Elicitation 2-3 about providing more examples of an ionic compound in
the natural world besides the coral (CaCO,) example. At the end, Elicitation 2-4 gave the
opportunity to the students to check their current concepts and revise those concepts in the
previous Elicitation activity with the aim of making those concepts relevant to an accepted
scientific concept. Results of analyzed topics, specific learning objectives and ideas for

incorporating Elicitation activity to the third lesson plan are presented in TABLE 10.

TABLE 10 INCORPORATING ELICITATION ACTIVITIES INTO THE THIRD LESSON

PLAN

Ideas flow of a scientific concept Specific learning objective

Students should know that: Student should be able to:

Topic: Properties of lonic Compound

3.1 The ions in an ionic compound are held | 1. Generate the general rule of solubility for an

together by attractive forces, so the ionic ionic compound and describe what is

compound generally has high melting and
boiling points.
3.2 lonic compounds are hard but brittle.
3.3 lons in solid ionic compound cannot move
freely, so the compound is not an electrical
conductor. The molten ionic compound is
electrical conductors because the ions can
move freely to carry electrical current.
3.4 When ionic substances dissolve in water,
negative ions and positive ions are separated
from each other and become surrounded by

water molecules.

happening when it dissolves in water.

2. Describe what happen in terms of energy

changing when an ionic compound dissolved in

water.

3. Draw a model in molecular level representation

to explain when ionic compound dissolved in

water.

4. Predict what happen when two ionic or more

ionic solution are mixed together.

5. Generate ionic equation and net ionic equation.
6. Explain physical properties of ionic compound.

7. Explain the condition that ionic compound can

conduct an electrical current.
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Ideas flow of a scientific concept

Specific learning objective

Students should know that:
Topic: Properties of lonic Compound

3.5 The ionic solution consists of ions dispersed
among water molecules and the ions are free
to move through solution; therefore, the
solution is an electrical conductor.

3.6 When two types of ionic solution are mixed

together, a new product may be generated.

Student should be able to:

8. Set related hypothesis, determine experimental
variables, do the experiment, decide the table
to record data and conclude results from the
experiment.

9. Write down the current understanding on

scientific concepts.

The third lesson plan allowed students to learn more about properties of
an ionic compound. Elicitation 3-1 activity drew out students about an ionic structure by
letting them choose the best mental model to represent an ionic compound. Following that,
the students underwent an exploration phase. During the exploration phase, the students
did an experiment to test: (1) ability of given ionic substances in dissolving in water, and (2)
whether those substances were exothermic or endothermic reaction when they were
dissolving.  After the exploration phase, the students had to express their ideas on
Elicitation 3-2 activity. The activity assigned the students to: (1) write a chemical equation
for dissolving table salt into water (a symbolic representation), (2) draw their mental model
of dissolving that table salt in water (a molecular level), and (3) explain what happened to
table salt ions and water molecules when they interact. Following that the students moved
onto an explanation phase that provided them the opportunity to learn the concepts
underlying the physical properties of ionic compound and the properties of ionic solution.
The students then expressed their current understanding in Elicitation 3-3 activity which
assigned the students to generate similarities and differences of physical properties for an
ionic crystalline compound and an ionic solution. As previous the first and second
instructional plans, Elicitation 3-4 assigned students to revise their answer on Elicitation 3-1
to 3-3 to make them understand better their own concepts and aware of their weakness.

Results of analyzed topics, specific learning objectives and ideas for

incorporating elicitation activity to the fourth lesson plan are presented in TABLE 11.
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TABLE 11 INCORPORATING EILICITATION ACTIVITIES INTO THE FOURTH LESSON

PLAN

Ideas flow of a scientific concept

Specific learning objective

Students should know that:

Topic: Covalent Bond

41

A covalent bond between two H atoms forms
the H, molecule. Each electron in a shared

pair is attached to the nuclei of both atoms.

4.2 A covalent bond is formed by the sharing of a

pair of electrons between atoms. The atoms
in molecules tend to have eight electrons in

their valence shells known as the octet rule.

4.3 The ratio of the atoms involved in a covalent

4.4

4.5

4.6

bond and the type of covalent bond can be
predicted by the octet rule.

Some molecules cannot satisfy the octet rule.
Some groups of molecules have fewer than
eight valence electrons, while the others have
more than eight. A coordinate covalent bond
is formed when both electrons of the bond
are donated by one atom.

Covalent compounds are generally named by
using prefixes to indicate how many atoms of
each element shown in the formula. The
ending of the last element is changed to —ide.
Bond length is the distance between the
nuclei and bond energy is average enthalpy

need to break bond in a gaseous state.

4.7 Resonance is used in molecules with

delocalized bonding because it is not possible
to describe appropriately the electrons

distribution with a single Lewis formula.

Student should be able to:

1.

10.

1.

12.

13.

Explain the formation of a covalent bond
between two H atoms in forming the H,
molecule.

Write electron dot formulas for covalent
molecules.

Draw Lewis structures for covalent
compounds.

Explain the relationship between the number
of valence electrons and how many covalent
bonds any atom can form.

Identify the basic difference among a single,
double, and triple bond

Define coordinate covalent bond.

Name covalent compounds.

Explain the definition of bond length and bond
energy.

Generate a graph using the bond-dissociation
energy data and the bond length data.
Calculate total energy change resulted from
bond destruction.

Calculate total energy change of a chemical
reaction by using a table of bond energies
and bond length.

Draw resonance structures of covalent
compound.

Write down the current understanding on

scientific concepts.
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This lesson plan introduced students to the idea of a covalent bond.
Elicitation 4-1 activity drew out the students to indicate the difference of physical or chemical
properties between NaCl crystal and gaseous water molecules. The Elicitation 4-1 activity
aimed to make the students go over what they had already learnt and think about the new
concepts of another chemical bonding that they had not learnt yet. In an exploration phase,
the students used a ball-and-stick model and an assigned worksheet to construct and
explain how a covalent bond formed. After that, the students experienced with Elicitation 4-
2 activity which allowed them to select a right answer for a molecular shape of a water
molecule and then provide a reason to support that answer. Following that, the teacher
followed the Teacher Guide Book to explain scientific concepts concerning: (1) covalent
bond formation, (2) types of covalent bond, (3) Lewis structure for covalent compounds, (4)
bond length, (5) bond energy, and (6) resonance structure. Then, the students faced
Elicitation 4-3 activity which provided bond dissociation energies for the H-O, O-O, and H-H
bonds, and the students were asked to calculate the amount of total energy needed to break
apart a water molecule. During an elaboration phase, the students practiced more on the
bond energy calculation and did more exercises related to it. Finally, Elicitation 4-4 activity
provided an opportunity for the students to revise their answer as previously recorded in
Elicitation 4-1 to 4-3.

Results of analyzed topics, specific learning objectives and ideas for

incorporating elicitation activities for the fifth lesson plan are presented in TABLE 12.

TABLE 12 INCORPORATING EILICITATION ACTIVITIES INTO THE FIFTH LESSON

PLAN
Ideas flow of a scientific concept Specific learning objective
Students should know that: Student should be able to:

Topic: Molecular Geometry

5.1 Shared and unshared electron pairs around 1. Summarize the concepts of the VSEPR
the central atom are important in determining theory
the shape of the molecule by using the 2. Predict the shape and bond angle in a
VSEPR bonding theory. covalent molecule.

3. Build the models of covalent compounds and

identify their molecular shape.
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TABLE 12 (Continued)

Ideas flow of a scientific concept Specific learning objective

Students should know that: Student should be able to:

Topic: Molecular Geometry

5.2 The VSEPR theory states that repulsion 4. Describe how electronegativity is used to
between the set of valence-level electrons determined bond character.

surrounding an atom causes these sets to be | 5. Identify the difference between a polar

oriented as far apart as possible. covalent bond and a nonpolar covalent bond.

5.3 The absolute value of the difference in 6. Compare and contrast between polar and

electronegativity of two bonded atoms gives a
rough measure of the polarity to be expected

in a bond. When there is no difference or the

nonpolar covalent molecules.
Compare the structure and properties of polar

and nonpolar molecules.

difference is small, the bond is nonpolar. 8. Predict if the given covalent molecules are

When the difference in electronegativity is polar, or nonpolar covalent compounds.

large, the bond is polar (or if the difference is | 9. Set a hypothesis, determine experimental
very large, perhaps ionic). variables, do the experiment, decide the table
5.4 Covalently bonded molecules are either polar to record data and conclude results from the
or nonpolar depending on the location and experiment.
nature of the covalent bonds in the molecule. | 10. Write down the current understanding on

scientific concepts.

The fifth lesson plan provided students with the opportunity to learn about:
(1) a molecular shape of a covalent molecule and the scientific theory used to explain that
shape, and (2) the electronegativity difference between two bonded atoms. Firstly,
Elicitation 5-1 activity asked the students to predict what happened when CCl, and H,O were
mixed together. In an engagement phase, the students brained storm for an explanation as
to why a warning label, which was attached to a container of a commercial product, said
that drinking oil or milk followed eating this chemical substance can cause a severe illness.
After brain storming, the students performed an experiment to test whether a polar and
nonpolar substance dissolved in each other. Following that, Elicitation 5-2 asked students

to: (1) draw a molecular geometry of H,0 and CCI, molecules, and (2) generate reasons to

support that drawing. In explanation phase, the students learned through the Student Book
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focusing on these following concepts: (1) molecular geometry, (2) VSEPR bonding theory,
(3) bond polarity, and (4) molecular polarity. Then, the students were asked: (1) to draw a
molecular geometry of H,0O and CCl, molecules again, and (2) to determine whether these
molecules were polar. During the elaboration phase, students shared their ideas and made
a ball-and-stick model to explain bond and molecular polarities.  Similar to other
instructional plans, Elicitation 5-4 provided the students the opportunity to revise their ideas
once it was recorded in Elicitation 5-1 to Elicitation 5-3 activities. To be aware of changing
understanding, the revision of their answer needed to use a different colored pen because
the students could distinguish their on-going understanding before, during, and after
learning with the instruction.

Results of analyzed topics, specific learning objectives and ideas for

incorporating elicitation activity for the sixth lesson plan are presented in TABLE 13.

TABLE 13 INCORPORATING EILICITATION ACTIVITIES INTO THE SIXTH LESSON
PLAN

Ideas flow of a scientific concept Specific learning objective

Students should know that: Student should be able to:
Topic: Covalent Network and Intermolecular
forces

6.1 The force of attraction between molecules is | 1. Define a covalent network solid.

known as intermolecular forces.

6.2 Intermolecular forces are generally weaker than
bonds joining atoms in molecules, ions in ionic
compounds, or metal atoms in solid metals.

6.3 The forces of attraction between polar
molecules are known as dipole-dipole forces.

6.4 The intermolecular attractions resulting from the
constant motion of electrons and the creation of

called London

instantaneous dipoles are

dispersion forces.

2. Determine the physical properties of
covalent network solid.

3. Define intermolecular forces.

4. ldentify the meaning and describe the
difference among dispersion force, dipole-
dipole force and hydrogen bond.

5. Compare the difference between a
hydrogen bond and a covalent bond.

6. Infer how the forces between molecules
effect melting and boiling point of covalent

compound.



106

TABLE 13 (Continued)

Ideas flow of a scientific concept Specific learning objective

Students should know that: Student should be able to:
Topic: Covalent Network and Intermolecular
forces

6.5 The intermolecular force in which a hydrogen | 6. Infer how the forces between molecules
atom that is bonded to a highly electronegative effect melting and boiling point of covalent
atom is attracted to an unshared pair of compound.
electrons of another electronegative atom in a | 7. Write down the current understanding on
nearby molecule is known as hydrogen scientific concepts.
bonding.

6.6 Some covalent compounds are composed of
atoms interconnected by covalent bond
network. These are called covalent network

solids.

The sixth lesson plan introduced students to concepts of: (1) intermolecular
forces and (2) covalent network solid. Therefore, Elicitation 6-1 activity engaged the
students to think about their preconception of intermolecular forces. The activity asked the
students to determine whether a covalent bond accounted for an obvious difference in boiling
points between water and ethanol. Following that, the students experienced an exploration
phase where they constructed ball-and-strict models to build: (1) a methane molecule and
(2) a covalent network structure of diamond, and then determined the difference between
them. Then, Elicitation 6-2 activity determined the students: (1) to draw a molecular shape
of a water molecule in gas, liquid, and solid states, and (2) to explain a similarity and
difference about the intermolecular forces among a water molecule in liquid, solid, and gas
states. Subsequently, the students learned the concepts of intermolecular forces and
covalent network solid in an explanation phase. After the explanation phase, the students
were asked via Elicitation 6-3 activity to select an appropriate picture for representing a
water molecule in gas state when leaved that water beaker to evaporate. Finally, Elicitation
6-4 activity provided the students the opportunity to revise their ideas as previously

recorded in Elicitation 6-1 to Elicitation 6-3 activity.
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Results of analyzed topics, specific learning objectives and ideas for

incorporating elicitation activity for the seventh lesson plan are presented in TABLE 14.

TABLE 14 INCORPORATING EILICITATION ACTIVITIES INTO THE SEVENTH LESSON

PLAN

Ideas flow of a scientific concept

Specific learning objective

Students should know that:
Topic: Metallic Bonding

7.1 The chemical bonding that result from the
attraction between metal atom cores and the
surrounding sea of electrons is called metallic
bonding.

7.2 A metallic bond is the attraction between a
metallic atom core and its delocalized
electrons.

7.3 “The electron sea model’ proposes that all
the metal atoms in a metallic solid contribute
their valence electrons to form a “sea” of
electrons.

7.4 The physical properties of metals can be
explained by metallic bonding. Generally
metals have moderately high melting points
and high boiling point. Some metals are
malleable or can be hammered into sheets.
Other metals are ductile or can be drawn into
wire. The movement of mobile electrons
around metal atom cores makes metals good

conductors.

Student should be able to:

1. Describe the general properties of a metal

2. Describe the characteristics of the electron sea
model

3. Detail various physical properties for ionic,
covalent, and metallic substances.

4. Compare and contrast naming among metallic,
ionic, and covalent substances.

5. Compare and contrast the structures across
metallic, ionic, and covalent substances.

6. Write down the current understanding on

scientific concepts.

The seventh lesson plan provided students with concepts relating to (1)

metallic bonding and (2) the physical properties of metals. To review what the students had

learnt, Elicitation 7-1 activity asked the students to consider 3 substances (silver chloride,

copper, and water) and then listed a similarity and difference of the physical or chemical

properties among those substances. During an exploration phase, the students worked in a
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group of 4 to generate differences and similarities for many substances; then, they posed
their group ideas on a poster and presented them to the class. After that, Elicitation 7-2
activity asked the students to generate their ideas on what forces were responsible for the
difference in the melting and boiling points for those 3 substances. Then, the students
learned the concepts for a metal and its physical properties by following the Student Book.
Subsequently, Elicitation 7-3 activity asked the students to determine whether those 3 given
substances were capable of conducting electricity and explained why. In an elaboration
phase, the students practiced exercises related to metallic bonding and the physical
properties of metals. Finally, Elicitation 7-4 provided a chance for the students to revise
their answers as recorded in the previous Elicitation activity.

In this study, students’ incomplete and alternative concepts played an
importance role in developing the learning units because those alternative concepts of the
students reminded teachers to be aware and avoid leading the students to develop those
alternative concepts. In doing so, the Teacher Guided Book also reminded the teachers to
do formative assessment including: (1) elicitation using an Elicitation activity, (2)
interpretation using an interpretation sheet, and (3) action by giving a feedback to individual
student and the entire class. The timeline for implementing the learning units is

summarized in TABLE 15.

TABLE 15 TOPICS AND TEACHING PERIODS OF THE LEARNING UNITS

Week Learning units Topics Time (period)*
1 - Pre-test and introduction of the learning units 3
2 1 Interaction between particles 3

lonic bond 2

3-4 2
Physical properties of lonic compound 3
Covalent bond 2
4-6 3 Molecular geometry 3
Covalent Network and Intermolecular forces 2
6-7 4 Metallic bond 2
Post-test and conclusion of the learning unit 3

7 -

implementation

Total 23

* 50 minutes per a period
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After the learning units had been developed, they were verified with regard
to: (1) the appropriateness of the Teacher Guide Book, (2) the appropriateness of the
Student Book, and (3) consistency. Three experts assessed the following areas: (1) the
consistency between learning objectives and ways to assessment, (2) the correctness of
chemical bonding concepts, (3) the suitability of learning activities, (4) the suitability of
language usage, and (5) the consistency between the learning units and the instructional
model. Results of the verification were present in term of the index of consistency (I0C)
(Appendix B). The results indicated that: (1) the IOC of the appropriateness of the Teacher
Guide Book ranked from 3.67 to 4.33 interpreted as a high level of appropriateness; (2) the
IOC of the appropriateness of the Student Book ranked from 3.67 to 4.33 interpreted as a
high level of appropriateness; and (3) all elements under consideration in the learning units

were consistent with each other (Appendix B).

1.3 Results of Developing Research Instrument
The research instruments for collecting data in this study includes: (1)
chemical bonding concept test, (2) metacognitive inventory, (3) science process skill test,
and (4) attitudes toward chemistry questionnaire. Results of developing each instrument is

described as follows.

1.3.1 The Chemical Bonding Concept Test

The chemical bonding concept test was used for determining concepts
of students concerning chemical bonding. The test used a two-tier format which consisted
of 12 main items and 32 sub-items. The first tier consisted of a content question containing
3 or 4 selected answers and the second tier contained an open-ended format in which the
students could give possible reasons to support that first tier answer. The scope of content
areas concerning chemical bonding concepts (TABLE 16) was based on a list of
propositional knowledge from the Chemistry Teacher Handbook Volume 1 (IPST. 2544: 69-
77). After having been constructed, open-ended questions and their scoring criterion were

assigned a content validity by following these domain considerations: (1) the consistency
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between item objective and its question, (2) the correctness of clearly communication, (3)
the correctness of ways to answer the question, (4) the suitability of scoring criteria, and (5)
the suitability of judgments on students’ concepts concerning chemical bonding. The
results of the experts’ judgments (IOC) ranked from 0.40 to 1.00. Some areas under this
consideration had mean scores less than 0.50; these were improved, based on the
suggestions from the experts, before being implemented. Subsequently, the test was
administered to 64 high school students from Singburi School to obtain more information
and fulfill the scoring criteria. After being revised again following the survey information, the
test was administered to 2 classes of 70 high school students from Singburi School and
another class of 45 high school students from Chaibadan Wittaya School. Information from
this examination was used for calculating item discrimination and the reliability of the test.
The item discrimination (r) using the upper and lower 27% of the sample group technique

ranked from 0.20 to 0.95 and Cronbach’s alpha reliability was .92 (N=115) (APPENDIX C).

TABLE 16 THE AREAS OF ALTERNATIVE CONCEPTION ON THE CONCEPT TEST

Topics Areas of alternative concepts Item no. Total
lonic substance formation 1.1
lonic bond formation Empirical formula for ionic substances 1 1.2
lonic bonding formation 1.3
Electron configuration of an atom 2.1
Electron configuration Electron configuration of an ion 2 2.2
(7]
[
§ Size of an atom and ion 2.3
é Mental model of dissolved ionic substance 3.1 5
(72} lonic solution 3
g lonic solution in molecular level 3.2
o
- In solid state 4.1
The conductivity of ionic
In liquid state 4 4.2
substances
Dissolved in water 4.3
Calcium atom 5.1
Octet rule 5
Do not obey the octet rule 5.2
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TABLE 16 (Continued)

Topics Areas of alternative concepts Item no. Total
Covalent bonding formation of H-H 6.1
Covalent bond formation Identify where bonding occurs 6.2
6
(H-H) Name types of bonding 6.3
Identify bond energy 6.4
Components of water 71
@ Property of water (H,0) Components of water when state changed 7 7.2
2 5
fw Molecular shape of water when state changed 7.3
[72]
o
a Identify bond energy 8.1
= Bonding energy 8
% Calculate total energy for breaking a bond 8.2
>
3 Molecular shape 9.1
Bond and molecular
Bond polarity 9 9.2
polarity
Polarity of molecules 9.3
Intermolecular force 101
Intermolecular force Identify types of intermolecular force 10 10.2
Apply the concepts of intermolecular force 10.3
In solid state 111
Metal model (Fe) 11
L] In liquid state 11.2
I 2
§ Physical property of metal Identify causes of conductivity of metal 121
12
(Fe) Conductivity when metal is in different state 12.2
Total 12 32 12

1.3.2 The Metacognitive Inventory

The metacognitive inventory was used for measuring the metacognitive
ability of the students. The inventory consisted of 3 cognitive tasks, and all of them related
to chemical bonding. Two cognitive tasks were designed to assess metacogntive
knowledge, and 1 cognitive task was created to evaluate metacognitive control. The
process for the inventory construction began with: (1) identifying definitions of terms related
to metacognitive ability; (2) designing the cognitive tasks and objectives of metacognitive
behavior; (3) constructing open-ended questions and scoring criteria. Then, the constructed
open-ended questions and scoring criteria were certified as valid by the 3 experts. The
experts assessed this validity under following domain: (1) the consistency between item

objective and item question, (2) the correctness of clearly communication, (3) the
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correctness of ways to answer the question, and (4) suitability of the scoring criteria.
Results of the verification indicated that the index of consistency (IOC) ranked from 0.67 to
1.00 (APPENDIX C), and some items were improved followed expert's suggestions. After
that, the inventory was administered to 2 classes of 62 high school students from Princess
Chulabhorn's College, Lopburi province. Scores from this examination were used for
calculating Cronbach’s alpha coefficient reliability of the inventory. Results of the

calculation showed the reliability was .72.

1.3.3 Retesting on the Test of Integrated Process Skill (TIPS II)

The Test of Integrated Process Skills Il (TIPS IlI) was originally
developed by Burns; et.al. (1985) and was used for measuring integrated process skills.
The test contained 36 selected items with 4 selected choices. A completed version of the
TIPS Il consisted of 5 aspects related to: (1) define operation (12 items), (2) formulate
hypotheses (9 items), (3) interpret graph (6 items), (4) define operation (6 items), and (5)
design investigation (3 items). However, only 4 aspects of the integrated process skills
were adopted for use in this study including: (1) defining operation, (2) formulating
hypotheses, (3) defining operation, and (4) designing investigation; therefore, total items of
the test which was used in this study was 30. After permission had been sought and
granted for the use of TIPS Il from the author (Appendix G), it was translated and modified
to Thai language and adapted into a more suitable language. The test then was used with
151 Thai high students from Nong-Sang Wittaya School, Saraburi province. Result of the
examination showed that: (1) Cronbach’s alpha coefficient reliability was 0.81, (2) an
average item difficulty was 0.49, and (3) an average item discrimination index of 0.47 (N=
151 grades 10 to 12, APPENDIX C). This re-qualified examination with Thai students
showed that all items had reached the quality of the test in terms of the item difficulty and
discrimination; therefore, the Thai version which contained 30 items was used for collecting

data in the field trial study and the confirmatory study.

1.3.4 The Attitude toward Chemistry Questionnaire
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Attitudes toward chemistry were measured by using the attitudes
toward chemistry questionnaire. The questionnaire included in the first instance 40
constructed statements which reflected either positive or negative feelings toward chemistry
in 4 aspects, namely: (1) the importance of chemistry in their life, (2) the easy-difficulty
perspective, (3) the interest of chemistry course, and (4) the usefulness of chemistry course
for further career. The total of 40 items were verified as validity by 3 experts with one
exception. Results of the verification indicated that item 40 should be deleted because its
meaning closely related to another statement. That is, the statement 40 stated that “/ won’t
choose learning chemistry” whereas there is another statement which stated that “If it is
possible, | won’t learn chemistry.” The constructed statements of the attitudes toward

chemistry questionnaire are categorized as follows.

TABLE 17 THE ASPECTS OF ATTITUDES TOWARD CHEMISTRY

Aspects of attitudes toward chemistry Statements Total
1. The importance of chemistry in daily life 1, 5, 8, 11, 16, 21, 27, 30, 36 and 39 10
2. The easy-difficulty perspective 2,6,9, 13, 17, 20, 25, 31, 34 and 37 10
3. The interest of chemistry course 3,7,10, 14, 19, 23, 26, 28, 33, and 40* 9
4. The usefulness for further career 4,12, 15, 18, 22, 24, 29, 32, 35 and 38 10

* was cut according to the experts’ suggestion

Totally 39 statements were administered to 4 classes of 132 high
school students from 2 schools. The 2 classes of 70 high school students came from
Singburi School and the other classes of 62 high school students came from Princess
Chulabhorn's College, Lopburi province. And, because 31 students had not completed the
questionnaire, only 101 students’ responses were analyzed to test the reliability of the

questionnaire. The Cronbach’s alpha coefficient reliability was .91 (N=101) (APPENDIX C).

1.4 Field Trial Study
The purpose of the field trial study was to fully implement the learning units

in order to investigate time suitability, language usage and other factors such as suitable
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learning activities. The learning units were implemented in a class of 36 students at
Singburi School. This implementation took place from September to October of the first
semester of 2552 B.E. academic year. Information resulting from the field trial study was
used for improving the learning units. The improvements were as follows.

1. An interpretation sheet should be designed to help the teacher to
interpret student’s ideas concerning concepts of chemical bonding. The interpretation
sheet, as shown in the Teacher Guide Book, determined that the teacher had to interpret
students’ ideas after the elicitation process based on scientific criteria and classify those
ideas as complete, incomplete, alternative, or no conception. Sometimes, students’
answers on Elicitation activity were confused and difficult to classify. This was due to a
lack of systematic interpretation. Therefore, the interpretation sheet would help the teacher
to more easily interpret students’ ideas.

2. The first experiment assigned to the students was to measure the
conductivity of 13 substances. Equipment which had been designed by a commercial
company was used for measuring conductivity. This equipment did not work satisfactorily
and it was changed. A volt meter together with a connected electric circuit was then used
to measure the conductivity of those substances.

3. Some practice exercises presented in the Student Book were designed
to provoke students’ comprehension and application. However, the exercise was not
conducive to activating metacognitive thinking in the students; therefore, more activities
were added to arouse the metacognitive thinking.

4. It was found that some wording which appeared in the Teacher Guide

Book and the Student Book needed to be corrected and revised to be understood.

2. The Confirmatory Stage

In this stage, the learning units were implemented to a class of 32 students at
Banmi Wittaya School, Lopburi province. The implementation took place from January to
February of the second semester of 2552 B.E. academic year. The purpose of the

confirmatory stage was to determine whether research hypotheses were supported. This
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study stated 4 hypotheses including: (1) scientific concept mean score of the students was
higher than the scientific concept cutting score, (2) metacognitive ability mean score of the
students was higher than the metacognitive ability cutting score, (3) science process skill
mean score of the students was higher than science process skill cutting score, and (4)
attitudes toward chemistry mean score of the students was at the high level. The results

from testing each of the research hypotheses are described as follows.

2.1 Chemical Bonding Concepts of the students
Results on chemical bonding concepts of the students were presented in 3
parts: (1) gathered data from students’ concept score concerning chemical bonding, (2)
calculation for the chemical bonding cutting score, and (3) testing the first hypothesis by
using inferential statistics comparing the chemical bonding concept score of the students

and the cutting score.

2.1.1 The Gathered Data on the Chemical Bonding Concepts
Chemical bonding concept scores of the students were collected by
using the chemical bonding concept test. The examination was conducted before and after
implementing the learning units. TABLE 18 presents a comparison of the chemical bonding

concept score of the students before and after using the learning units.

TABLE 18 THE COMPARISON OF STUDENTS’ CHEMICAL BONDING CONCEPTS
BEFORE AND AFTER THE INSTRUCTION FROM THE CONFIRMATORY STAGE

Score of chemical bonding concepts N Mean S.D t
Pre-test mean score 32 10.609 4.019
18.090*
Post-test mean score 32 39.352 10.132

£(0.05; df 31) = 2.040, p<0.05

The results indicated that the chemical bonding conception mean
score of the students after the instruction was higher than before at the 0.05 level of
significance. This means that the students who had experience with the learning units had

significantly improved their scientific concepts concerning chemical bonding.
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2.1.2 The Determination of the Chemical Bonding Cutting Score

The process of determining cutting score followed Burk’s method
as stated in chapter 3. A cutting score was determined by plotting a frequency curve to
show the relationship between chemical bonding concept scores and a frequency of these
scores. The frequency data were plotted in 2 ways: (1) the first frequency curve was
plotted from the post-test scores of the preparatory stage regarded as scores of master
students, and (2) the frequency curve was plotted from the pre-test scores of the
confirmatory stage regarded as scores of non-master students. The drawn frequency curve
is shown in APPENDIX D. Results of analyzing: (1) the lowest probability of incorrect
decisions, (2) the highest probability of correct decisions, and (3) the highest validity

coefficient in order to be set as an optimal cutting score are illustrated in TABLE 19.

TABLE 19 RESULTS OF THE CHEMICAL BONDING CUTTING SCORE CALCULATION

Concept Cutting score | P(FM) + P(FN) | P(TM) + P(TN) dvc

1. lonic substance 11 0.12 0.88 0.77
1.1 lonic bonding formation 1.7 0.18 0.82 0.66
1.2 Electron configuration 2.2 0.19 0.81 0.62
1.3 lonic solution 15 0.38 0.62 0.39
1.4 The conductivity of ionic substances 25 0.21 0.79 0.60
1.5 Octet rule 3 0.12 0.88 0.76
2. Covalent substance 9 0.06 0.94 0.89
2.1 Covalent bonding formation 1.5 0.37 0.63 0.31
2.2 Property of water 24 0.07 0.93 0.85
2.3 Bonding energy 24 0.18 0.82 0.70
2.4 Bond and molecular polarity 1.4 0.26 0.74 0.57
2.5 Intermolecular force 1.6 0.24 0.76 0.57
3. Metallic substance 2.5 0.29 0.71 0.42
3.1 Metal model 0.4 0.25 0.75 0.59
3.2 Physical property of metal 1.8 0.38 0.62 0.24
Overall 20 0.06 0.94 0.88




117

The cutting score for the entire test was 20 whereas the cutting
score for the main concepts of ionic substance, covalent substance, and metal were 11, 9,
and 2.5 respectively. Moreover, the cutting scores for the 5 sub-concepts under the ionic
substance namely (1) ionic bonding formation, (2) electron configuration, (3) ionic solution,
(4) the conductivity of ionic substance, and (5) octet rule under were 1.7, 2.2, 1.5, 2.5, and
3 chronologically. In addition, the cutting score of 5 sub-concepts under the covalent
substance namely (1) covalent bonding formation, (2) property of water, (3) bonding energy,
(4) bond and molecular polarity, and (5) intermolecular forces were 1.5, 2.4, 2.4, 1.4, and
1.6 respectively. Furthermore, the cutting scores of 2 sub-concepts under the metal
concept namely (1) metal model and (2) physical property of metal were 0.4 and 1.8.
These optimal cutting scores were subsequently used to test the research hypotheses. The

results of the testing are reported in the next section.

2.1.3 The First Research Hypothesis Testing
The first hypothesis stated that students’ scientific concept mean
score was higher than the scientific concept cutting score. To test this research hypothesis,
a comparison between a chemical bonding concept post-test score from the confirmatory
stage to the cutting score was processed. Then, one sample t-test statistic method was
used for analyzing the results of this comparison. The result of one sample t-test analysis

is shown in TABLE 20.

TABLE 20 THE COMPARISON OF THE CHEMICAL BONDING CONCEPT MEAN SCORE
TO THE CUTTING SCORE

Concept N Cutting score Mean S.D t

1. lonic bonding formation 32 1.7 3.438 1.523 6.455*
2. Electron configuration 32 2.2 2.828 1.758 2.021
3. lonic solution 32 1.5 2.625 1.503 4.235*
4. The conductivity of ionic substances 32 25 3.219 1.717 2.367*
5. Octet rule 32 3 2.797 1.523 -.754

lonic substance 32 11 14.906 4.877 4.531*
1. Covalent bonding formation 32 1.5 5.000 2.379 8.321*
2. Property of water 32 24 5.070 .765 19.739*
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TABLE 20 (Continued)

Concept N Cutting score Mean S.D t
3. Bonding energy 32 24 2.438 1.098 193
4. Bond and molecular polarity 32 1.4 4.328 2.306 7.184*
5. Intermolecular force 32 1.6 2.594 1.594 3.528*
Covalent substance 32 9 19.430 5.155 11.444*
1. Metal model 32 0.4 1.578 1.571 4.241*
2. Physical property of metal 32 1.8 3.469 .983 9.601*
Metallic substance 32 25 5.047 1.969 7.317*
Overall 32 20 34.336 8.995 9.016*

£(0.05: df 31) = 2.040; p<0.05

The results indicated that the chemical bonding concept post-test
mean score overall was significantly higher than the cutting score at the 0.05 level of
significance. Also, the results indicated that the post-test mean scores for all 3 main
concepts were significantly greater than the cutting scores at the 0.05 level of significance.
These results allow the conclusion to be drawn that the research hypothesis was supported.
In other word, the learning units incorporated with elicitation strategy improved the overall
chemical bonding concepts of the students and their sub-concepts regarding: (1) ionic
substances, (2) covalent substances, and (3) metallic substances.

Furthermore, results of separately tested ionic substance concepts
indicated that post-test mean scores of the ionic concepts concerning: (1) the ionic bonding
formation, (2) the ionic solution, and (3) the conductivity of ionic substances were
significantly greater than the cutting score at the 0.05 level of significance. On the contrary,
post-test mean scores of the electron configuration and the octet rule conception were not
greater than the cutting score. Moreover, the results of separately tested covalent
substance concepts indicated that post-test mean scores of covalent concepts concerning:
(1) the covalent bonding formation, (2) the property of water, (3) the bond and molecular
polarity, and (4) the intermolecular forces were greater than the cutting score at the 0.05
level of significance. But, a post-test mean score for bonding energy concept was not
greater than the cutting score at the 0.05 level of significance. In addition, the results of

separately tested the metal concepts indicated that mean scores from both the metal model
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and physical property of metal were significantly greater than the cutting score at the 0.05
level of significance.

In summary, the chemical bonding concepts were classified into 3 main
concept areas including ionic substance, covalent substance, and metallic substance.
Firstly, when the entire chemical bonding concepts were statistically tested to determine
whether the first research hypothesis was supported, the results showed that the first
research hypothesis which stated that the students’ scientific concept mean score was
higher than the cutting score was supported. Therefore, it can be concluded that students’
scientific concepts mean score after participating in the learning units incorporated with
elicitation strategy improved. Secondly, when the 3 main concepts including: (1) the ionic
substance, (2) covalent substance, and (3) metal were separately tested, the results
indicated that the research hypothesis was supported. In other word, the learning units did
improve to students’ scientific concepts. Thirdly, when an analysis took place more deeply
on the ionic substance concepts, namely (1) the ionic bonding formation, (2) the electron
configuration, (3) the ionic solution, (4) the conductivity of ionic substances, and (5) the
octet rule, the results indicated that students’ concepts related to the ionic bond formation,
the ionic solution and the conductivity of ionic substances improved. However, there is no
statistical evidence of students’ improved scientific concepts concerning the electron
configuration and the octet rule. Fourthly, when deeply analyzing the covalent bond
concepts including: (1) the covalent bonding formation, (2) the property of water, (3) the
bonding energy, (4) the bond and molecular polarity, and (5) the intermolecular forces, the
results found that the students’ concepts related to: (1) the covalent bond formation, (2) the
property of water, (3) the bond and molecular polarity, and (4) the intermolecular forces
were clearly improved after participating in the learning units. In contrast, student’s
concepts of the bond energy had no statistical evidence of an improvement. Finally, when
the metal concept was thoroughly tested, the results indicated that the learning units did

improve the students’ concepts both the metal model and the physical property of metal.

2.2 Metacognitive Ability of the Students
Results on metacognitive ability of students were presented in 3 parts: (1)
gathered data on the metacognitive ability of the students, (2) calculation of metacognitive
ability cutting score, and (3) testing the second hypothesis by comparing a mean score of

the students and the cutting score.
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2.2.1 The Gathered Data on the Students’ Metacognitive ability
Scores on metacognitive ability of the students were collected by
using the metacognitive inventory. The students administered an examination before and
after learning through the learning units. TABLE 21 presents a comparison of the scores

on metacognitive ability of the students before and after using the learning units.

TABLE 21 COMPARISON OF STUDENTS’ METACOGNITIVE ABILITY BEFORE
AND AFTER THE INSTRUCTION FROM THE CONFIRMATORY STAGE

Score on metacognitive ability N Mean S.D t
Pre-test mean score 32 4.719 2.247
13.671*
Post-test mean score 32 13.156 2.875

£(0.05; df 31) = 2.040, p<0.05

The results indicated that a mean score on metacognitive ability of
the students after the instruction using the learning unit incorporated with elicitation strategy
was greater than before at the 0.05 level of significance. This means that the students who

had experience with the learning units significantly improved their metacognitive ability.

2.2.2 The Determination of the Metacognitive Ability Cutting Score

The process of determining cutting score was also followed Burk’s
method. The cutting score was determined by plotting a frequency curve to show
relationship between metacognitive ability scores and a frequency of these scores. The
frequency data was plotted in two ways: (1) the first frequency curve was plotted from the
post-test scores of the preparatory stage which were regarded as scores of master
students; and (2) another type was plotted from the pre-test scores of the confirmatory
stage which were regarded as scores of non-master students (APPENDIX D). Then, the
total metacognitive ability scores and their frequency were used for constructing a plotted
graph to find an optimal cutting score. Results of analyzing: (1) the lowest probability of
incorrect decisions, (2) the highest probability of correct decisions, and (3) the highest

validity coefficient to find the optimal cutting score are illustrated in TABLE 22.
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TABLE 22 RESULTS OF THE METACOGNITIVE ABILITY CUTTING SCORE

CALCULATION

Category Cutting score P(FM) + P(FN) | P(TM) + P(TN) dvc
Metacognitive knowledge 6.1 0.09 0.91 0.83
1. Declarative knowledge 1.8 0.09 0.91 0.83

2. Procedural knowledge 21 0.12 0.88 0.79

3. Conditional knowledge 0.8 0.16 0.84 0.68
Metacognitive control 3.5 0.35 0.65 0.30
1. Planning 1.8 0.37 0.63 0.26

2. Monitoring 0.4 0.37 0.63 0.32

3. Evaluating 0.5 0.46 0.54 0.09
Overall 10 0.06 0.94 0.89

The cutting score for the entire test was 10 whereas the cutting
score for the metacognitive knowledge and metacognitive control were 6.1 and 3.5
respectively. Moreover, the cutting scores of declarative, procedural, and conditional
knowledge were 1.8, 2.1, 0.8 chronologically. Furthermore, the cutting score of planning,
monitoring, and evaluating were 1.8, 0.4, 0.5 respectively. These optimal cutting scores
were subsequently tested the research hypotheses. Results of the hypotheses testing are

reported in the next section.

2.2.3 The Second Research Hypothesis Testing

The second hypothesis stated that the students’ metacognitive
ability mean score after the instruction using the learning units should be higher than the
metacognitive ability cutting score. Metacognitive ability was classified as metacognitive
knowledge and metacognitive control. Metacognitive knowledge included: (1) declarative
knowledge, (2) procedural knowledge, and (3) conditional knowledge. Metacognitive control
included: (1) planning, (2) monitoring, and (3) evaluating. Results of one sample t-test
analysis which compared the students’ metacognitive mean score and the cutting score are

reported as in TABLE 23.
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TABLE 23 THE COMPARISON OF THE METACOGNITIVE ABILITY MEAN SCORE TO
THE CUTTING SCORE

Category N Cutting score Mean S.D t
Metacognitive knowledge 32 6.1 7.250 2.341 2.778*
1. Declarative knowledge 32 1.8 3.094 734 9.966*
2. Procedural knowledge 32 21 2.063 1.014 -.209
3. Conditional knowledge 32 0.8 1.313 1.203 2.410*
Metacognitive control 32 3.5 6.000 2.063 6.853*
1. Planning 32 1.8 3.688 1.424 7.497*
2. Monitoring 32 0.4 0.969 .740 4.349*
3. Evaluating 32 0.5 1.344 .602 7.934*
Overall 32 10 13.156 2.875 6.210*

£(0.05; df 31) = 2.040, p<0.05

The results from TABLE 23 indicate that the metacognitive ability
post-test mean score in overall was greater than the cutting score at the 0.05 level of
significance. It can be concluded that the second research hypothesis, which stated that
students’ metacognitive ability mean score was higher than the cutting score, was
supported. In other words, the learning units incorporated with elicitation strategy did
improve students’ metacognitive ability.

Furthermore, when testing separate categories of metacognitive
ability the results indicated that students’ metacogntive knowledge and metacognitive
control post-test mean score were greater than the cutting score at the 0.05 level of
significance. Therefore, it can conclude that the experimental learning units did affect both
students’ metacogntive knowledge and control. Moreover, the results of statistical analysis
on each aspect indicated that the declarative knowledge and conditional knowledge post-
test mean score were significantly greater than the cutting score at the 0.05 level of
significance. This contrasted with the results of declarative and conditional knowledge, the
procedural knowledge post-test mean score which were not higher than the cutting scores.
In other words, the learning units did improve students’ metacognitive knowledge overall

and in fact most aspects under this category but not all sub-categories. In addition, the
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results of thoroughly statistically analysis metacognitive control indicated that planning,
monitoring, and evaluating post-test mean score were significantly greater than the cutting
score at the 0.05 level of significance. Furthermore the learning units did improve students’
metacognitive control in all aspects including planning, monitoring, and evaluating.

In conclusion, the second hypothesis related to improvement in students’
metacognitive ability. The students’ metacognitive ability was divided to metacogntive
knowledge and control. Firstly, when the entire metacognitive ability was statistically tested
to specify the effectiveness of the learning units, the analysis showed positive effect from
the learning units on students’ metacognitive ability overall.  Secondly, when the
metacognitive knowledge was thoroughly analyzed, the results indicated that the learning
units significantly improved students’ declarative and condition knowledge. However, there
was no statistically evidence of improving students’ procedural knowledge by learning from
application of the learning units. Finally, when students’ metacognitive control was tested in
the same manner as that for metacognitive knowledge, the results disclosed that the
learning units did increase students’ mecognitive control in all aspect including planning,

monitoring, and evaluating.

2.3 Science Process Skills of the Students
Results from students’ science process skills were presented in 3 parts: (1)
gathered data from the students’ science process skills, (2) determination of science
process skill cutting score, and (3) testing the third hypothesis by comparing the students’

science process skill score to the cutting score.

2.3.1 The Gathered Data from the Students’ Science Process Skills
Students’ science process skills scores were collected by using the
TIPS 1l. The students administered the test before and after learning through the learning
units. TABLE 24 presents a comparison of the students’ science process skills score

before and after using the learning units.
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TABLE 24 THE COMPARISON OF THE STUDENTS’ SCIENCE PROCESS SKILLS
BEFORE AND AFTER THE INSTRUCTION FROM THE CONFIRMATORY STAGE

Score of science process skills N Mean S.D t
Pre-test mean score 32 16.28 4.60
4.316*
Post-test mean score 32 20.53 4.80

£(0.05; df 31) = 2.040, p<0.05

The results from TABLE 24 indicate that the students’ science
process skills mean score after the instruction using the learning unit incorporated with
elicitation strategy was greater than before at the 0.05 level of significance. This means

that the learning units significantly improved science process skills of the students.

2.3.2 The Determination of Science Process Skill Cutting Score

The process of determining cutting score is also followed Burk’s
method. The cutting score was determined by plotting a frequency curve to show the
relationship between the science process skills scores and the frequency of these scores.
The frequency data was plotted in two ways: (1) the first frequency curve was plotted from
the post-test scores of the preparatory stage regarded as scores of master students; and
(2) another type was plotted from the pre-test scores of the confirmatory stage regarded as
scores of non-master students. Then, the total science process skills scores and their
frequency were used to construct curves to find an optimal cutting score. The graph is
shown in APPENDIX D. The results of calculations for: (1) the lowest probability of
incorrect decisions, (2) the highest probability of correct decisions and (3) the highest

validity coefficient to locate the optimal cutting score are presented in TABLE 25.
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CALCULATION
Aspect Cutting score | P(FM) + P(FN) | P(TM) + P(TN) dvc
1. Defining Operation 7 0.31 0.69 0.38
2. Formulating Hypothesis 5 0.32 0.68 0.37
3. Operationally Defining 2 0.44 0.56 0.12
4. Designing Investigation 1.5 0.31 0.69 0.39
Overall 18.5 0.22 0.78 0.56

The cutting score of the entire test was 24 whereas the cutting

scores of: (1) defining operation, (2) formulating hypothesis, (3) operationally defining, and

(4) designing investigation were 7, 5, 2, and 1.5 respectively. These optimal cutting scores

were subsequently used for testing the research hypotheses.

2.3.3 The Third Research Hypothesis Testing

The third hypothesis stated that the students' science process skill

mean score after participating in the learning units was higher than the cutting score.

Results of testing research hypothesis are illustrated as follows.

TABLE 26 THE COMPARISON OF THE MEAN SCORE TO THE CUTTING SCORE

Category N Cutting score Mean S.D t
1. Defining Operation 32 7 8.53 2.50 3.463*
2. Formulating Hypothesis 32 5 5.97 1.88 2.923*
3. Operationally Defining 32 2 4.25 1.37 9.305*
4. Designing Investigation 32 1.5 1.78 91 1.755
Overall 32 18.5 20.53 4.80 2.394*

£(0.05; df 31) = 2.040, p<0.05

The results show that the entire science process skill post-test

mean score was greater than the cutting score at the 0.05 level of significance. When

separately testing all aspects of science process skills, the results indicated that the aspects
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of: (1) defining operation, (2) formulating hypothesis, and (3) operationally defining were
significantly higher than the cutting score at the 0.05 level of significance. But, students’
science process skill post-test mean score concerning the designing investigation was not
greater than the cutting score at the 0.05 level of significance. In other words, the third
research hypothesis, which stated that students’ science process skill mean score was
higher than the cutting score, was apparently supported overall and for the defining
operation, the formulating hypothesis, and the operationally defining. Nevertheless, there
was no statistical evidence of improving students’ process skills concerning the designing
investigation.

In conclusion, the third research hypothesis related to testing the
integrated science process skills. In this study, the science process skills were divided into
4 aspects which were: (1) the defining operation, (2) the formulating hypothesis, (3) the
operationally defining, and (4) the designing investigation. First, when testing the science
process skills, the results pointed that students’ science process skill post-test mean score
was greater than the cutting score. In other word, the learning units which incorporated
elicitation strategy did improve students’ science process skills overall. When testing
individually science process skill aspect, the results indicated that the learning units did
enhance students’ process skills concerning: (1) defining operation, (2) the formulating
hypothesis, and (3) the operationally defining, but the effectiveness of the learning units on

science process skills related to designing investigation was not statistical significant.

2.4 Attitudes toward Chemistry of the Students
The attitudes toward chemistry were classified into 4 aspects including: (1)
the importance of chemistry in daily life, (2) the easy-difficulty perspective, (3) the interest of
chemistry course, and (4) the usefulness of chemistry course for further career. Results of

gathering data and testing this research hypothesis are described as follows.

2.4.1 The Gathered Data on Students’ Attitudes toward Chemistry
The attitudes toward chemistry were collected using the attitude
toward chemistry questionnaire. Students’ attitudes toward chemistry were gained after the
learning unit implementation of the confirmatory stage. The results of students’ attitudes

toward chemistry post-test mean score are summarized as follows.
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TABLE 27 STUDENTS’ ATTITUDES TOWARD CHEMISTRY POST-TEST MEAN SCORE

Attitude Aspects N Mean Score S.D.

1. The importance of chemistry in daily life 32 3.703 273
2. The easy-difficulty perspective 32 3.075 437
3. The interest of chemistry course 32 3.600 .343
4. The usefulness for further career 32 3.306 .681
Overall 32 3.417 .306

2.4.2 The Fourth Research Hypothesis Testing
The fourth hypothesis stated that the students' attitudes toward
chemistry mean score after learning with the learning units should be at a high level. After
the learning unit implementation in the confirmatory stage, students’ attitudes toward
chemistry were collected as a post-test mean score. To test the fourth hypothesis, one
sample t-test from the SPSS program was used for analyzing by comparing the post-test

scores to the criterion. The results of the analysis are shown in TABLE 28.

TABLE 28 THE COMPARISON OF THE ATTITUDES TOWARD CHEMISTRY MEAN
SCORE AFTER THE INSTRUCTION OF THE CONFIRMATORY STAGE

Aspect N Score criterion Mean S.D t
1. The importance of chemistry in daily life 32 3.51 3.703 273 4.002*
2. The easy-difficulty perspective 32 3.51 3.075 437 -5.631
3. The interest of chemistry course 32 3.51 3.600 .343 1.480
4. The usefulness for further career 32 3.51 3.306 .681 -1.694
Overall 32 3.51 3.417 .306 -1.714

£(0.05; df 31) = 2.040, p<0.05

The results indicated that the students' attitudes toward chemistry
mean score in overall after the instruction was not greater than score criterion at the 0.05
level of significance. Therefore, the research hypothesis, which stated that student

attitudes toward chemistry after the instruction was at high level, was inconclusive.
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Furthermore, the results highlighted that only the mean score from the students' attitudes
toward chemistry concerning the importance of chemistry in daily life was greater than the
score criterion at the 0.05 level of significance. In contrasting, mean scores for students’
attitudes toward chemistry relating to: (1) the easy-difficulty perspective, (2) the interest of
chemistry course, and (3) the usefulness for further career were not greater than the score
criterion at the 0.05 level of significant. It can be conclude that there was no statistical
evidence of the effectiveness of the learning units in improving students’ attitudes toward
chemistry.

In conclusion, the fourth hypothesis referred to improving students' attitudes
toward chemistry. The attitudes toward chemistry were classified into 4 aspects including:
(1) the importance of chemistry in daily life, (2) the easy-difficulty perspective, (3) the
interest of chemistry course, and (4) the usefulness of chemistry course for further career.
Results of entire testing on students’ attitudes toward chemistry showed that students’
attitudes toward chemistry were only at the medium level. And, the results of separately
testing indicated that only the first aspect, namely the importance of chemistry in daily life,

was at the high level.

2.5 The Teachers’ Opinions towards the Learning Units

An opinion from a teacher was collected in a written form using a teacher’s
opinion towards the learning unit questionnaire. The questionnaire composed of several

questions. Data from the questionnaire is described as follows.

2.5.1 The Role of the Teacher in Elicitation

Elicitation is defined as an instructional process related to asking a
question to students. From the teacher point of view, (1) the elicitation activity which was
incorporated into the engagement phase assured the teacher about the students’
preconceptions. After the teacher had already known those preconceptions, it was easier
for the teacher to move on to the next step; (2) the elicitation activity which was
incorporated into the exploration phase was useful because it reminded the teacher about a
current understanding of the students; (3) the elicitation activity which was incorporated into
the explanation phase provided the teacher in the way that whether the students
appropriately connected a new knowledge to their own current understanding, and whether

the students could apply deeper and broader of their understanding; (4) the elicitation
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activity which was incorporated into the evaluation phase informed the students what they
had already written on elicitation activity X-1 to X-3 and also they could compare what was
changed in terms of their understanding. Besides, the teacher viewed that the elicitation X-
4 also provided the students to change their answers from the perplexed or confused

answers to be the clearer and more correct ones.

2.5.2 The Role of the Teacher in Students’ Ideas Interpretation

The opinions from the teacher towards an interpretation of the
students’ ideas show that the interpretation is an instructional process that has more
advantageous than a traditional teaching. Because the traditional teaching, the teacher
assessed scientific concepts of the students by using a lesson exercise, a laboratory
record, a game and so on. Then, the students were classified to be a high or low
achievement, but the teachers have never known authentic problems of students’ concept
by this traditional teaching. On the contrary, the process of interpreting students’ ideas
provides the teacher of: (1) what the scientific concepts of the students are; (2) how the
students understand those concepts; (3) what the problem of the students might have
concerning those scientific concepts; and (4) how the teacher should deal with that

problem.

2.5.3 The Role of the Teacher in Taking Action

After elicitation and interpretation of students’ understanding, the
role of teacher was taking action by giving feedback to the students. Giving feedback was
performed in 2 ways including feedback to entire class and to the individual. The opinions
from the teachers towards giving a feedback indicated that the feedback for the entire class
was important because it reflects students’ answers from an elicitation activity. And, the
feedback for a class was time saving and it made the students know what others thinking.
Moreover, the feedback for the students individually was the best way to provide each
student to know what his or her problem on the concepts of chemical bonding. However,
the teacher thought that this process needed the knowledgeable teacher; otherwise, it might
lead to develop misunderstand for those students. Also, this process must be done

continuously to be useful for the students’ learning.
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2.5.4 Effect of the Learning Units in Improving the Learning

Outcomes

The opinions from the teachers towards the effect of the learning
units in improving the learning outcomes pointed that the learning units could improve the
learning outcomes of the students. The teacher stated that: (1) the students were difficult
to answer on an elicitation activity at the beginning because they were unfamiliar with this
activity and afraid of being wrong. After doing the activities more often, the students gave
the answer which included more details. This result suggested that the students could
develop their thinking and were not afraid of being wrong; (2) for improving science process
skills, the students had to do a laboratory more often to be master on these skills; (3) for
improving positive attitudes of the students, the teacher was not sure that the learning units
would improve these attitudes because the students often thought that a chemistry was the
most difficult subject. However, the teacher added that the elicitation activity was not too
hard to answer, so it may cause the students try to understand; therefore, it may cause the

students feel positively towards chemistry and enthusiastic to learn this subject.

2.5.5 Teacher’s Overall Opinion towards the Learning Units

The opinions from the teacher towards the learning units in overall
show that the learning units incorporated with an elicitation strategy were an appropriate
learning unit because it was neither hard nor easy. Various questions in the elicitation
activity were clear and efficient to assess scientific concepts of the students. Moreover, the
questions can distinguish what students had known, what they had confused, and how they
confused. In addition, the teacher suggested that the instructional process incorporated
with the elicitation strategy should be developed for more than only a topic of chemical
bonding and also the elicitation strategy should be designed and added to a chemistry book
since a primary level to make Thai students to be reasoning people and good at scientific

conception.

2.6 The Students’ Opinions towards the Learning Units

An opinion from students was collected in a written form using student’ s
opinion towards the learning unit questionnaire. The questionnaire composed of several
questions. Data resulting from the recorded questionnaire was reported under 5 titles as

follows.
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2.6.1 The Effect of Elicitation

The opinions from the students were collected in a written format
by using a questionnaire. The opinions of the students towards the elicitation activity
showed that: (1) most students stated that the elicitation X-1 activity was very useful and
enable them to be aware how much the background knowledge they needed to learn the
next topic. However, some students said that they felt frustrated to do this activity because
they had not learnt anything about that topic yet; (2) the elicitation X-2 and X-3 activities
made them prepare themselves by reading a current concepts before the class started; as
a result, they were easily able to understand the new scientific concept; and, (3) the
elicitation X-4 activity provided them a chance to change, add, or revise their answer as
previously written on the elicitation X-1, X-2, and X-3 activities. Moreover, most students
agreed that the elicitation X-4 were the most usefulness because the students had an

opportunity to revise their misunderstanding before learning a new concept.

2.6.2 The Effect of Students’ Idea Interpretation
The opinions from the students towards the interpretation show that
the interpretation which classified the answers of the students into complete, incomplete,
alternative, and no concept was very useful because they knew how much further they had
to do to reach the level of the complete conception. For example, some students stated
that they urged their friends to explain scientific concepts if their answers were classified
into the incomplete, alternative or no concepts. Besides, some students believed that they

would get a high score if they were classified into the complete concepts.

2.6.3 The Effect of the Given Feedback from a Teacher
The opinions from the students towards the feedback indicated
that: (1) the entire class feedback informed them to know that there were many possible
answers of a particular question and they would aware the thinking of the others; and, (2)
the individual feedback was enable them to know their problems, how they were far away
from the goal of the instruction, and how to perform to reach the goal. For example, the
students could compare their answers and feedbacks among peers to improve their

understanding.
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2.6.4 Effect of the Learning Units in Improving the Learning

Outcomes

The opinions from the students towards the learning units in
improving the learning outcomes indicated that: (1) all students agreed that the learning
units could improve their scientific concepts concerning chemical bonding because the
learning process was enable them to value their conceptual weakness, to see how to
improve that weakness, and to develop much more understanding on scientific concepts
overtime; (2) the students perceived that the elicitation and the given feedback could
improve their metacognitive ability because they saw their weakness and they could control
their own learning; (3) the students stated that performing several laboratories could
improve their science process skills; and, (4) most students stated that the learning units
incorporated with elicitation strategy could improve their attitudes towards chemistry
because they enjoyed learning. Nonetheless, some students responded that the learning
units did not much affect on their attitude because they were still dislike chemistry anyway.

In summary, the students viewed the learning units incorporated
with an elicitation strategy positively and they believed these units were effective because
these learning units enabled them to understand more about chemical bonding concepts.
Moreover, the learning units also provided them with the opportunity to understand better
their own problematic concepts and on how to revise or improve their weaker areas. As a
consequence, they were able to decrease their problematic concepts over time. Besides,
the students stated that they had a chance to perform the experiment by themselves, so it
enabled them to improve their science process skills. Furthermore, most of them believed
that enjoy learning would enhance their attitudes toward chemistry. However some
students stated that if they strongly disliked chemistry originally, then these learning units
did not affect their attitude.

In conclusion, the confirmatory stage aimed to implement the learning units and
gain information to test the 4 research hypotheses. The first hypothesis was related to
testing students’ chemical bonding conceptions after participating in the learning units
incorporated with elicitation strategy. The results of thoroughly testing chemical bonding
conceptions of the students showed that almost all sub-conceptions of students did
significantly improve which included the concepts of ionic bond formation, ionic solution,
conductivity of ionic substances, covalent bond formation, property of water, bond and

molecular polarity, intermolecular forces, metal model, and physical property of metals.
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Nevertheless, a few sub-conceptions of the students showed no statistically improvement;
these were the sub-conceptions of: (1) electron configuration, (2) octet rule, and (3) bond
energy. The second hypothesis was related to improving students’ metacognitive ability.
The results found a positive effect from the learning units on both students’ metacognitive
knowledge and metacognitive control. The results of testing indicated that the learning
units significantly improved the declarative knowledge, the condition knowledge, the
mecognitive control in all aspects including planning, monitoring, and evaluating. However
there was no statistically significant improvement in the procedural knowledge of the
students. The third hypothesis was related to improving the integrated science process
skills. The results indicated that the learning units did positively affect students’ skills in
overall and on the following: (1) defining operation, (2) formulating hypothesis, and (3)
operationally defining, but there was no statistically evidence of improving students’ skills on
designing investigation.  Finally, the fourth hypothesis referred to improving students'
attitudes toward chemistry. The results indicated that students’ attitude towards chemistry

was at the medium level.



CHAPTER FIVE

DISCUSSION

This chapter presents and discusses the conclusions of this research study in term
of research methodology, its discovery, research discussion, and recommendation for
related persons. The research methodology consisted of 2 main stages which were
preparatory and confirmatory. The preparatory stage was related to developing: (1) the
learning units, and (2) research instruments for collecting data. The confirmatory stage was
related to testing the research hypotheses. The results of each stage are briefly described.
Following that, the final results of the research hypotheses testing in the way that they
agree or disagree with educational theories and other research studies are reported.
Finally, the recommendations from this study are proposed to provide some suggestions for

future study and particularly for anyone interested in educational improvement.

1. Objectives of the Study

The research objectives were:
1. To develop learning units incorporating an elicitation strategy in the context
of chemical bonding for high school students in Thailand.
2. To determine the improvement in student learning outcomes on these
following areas:
2.1 Students’ scientific conceptions
2.2 Students’ metacognitive ability
2.3 Students’ science process skills

2.4 Students’ attitudes towards chemistry

2. Research Hypotheses

These learning units intend to address students’ alternative concepts as well as
improve students’ scientific concepts at the same time when teachers had incorporated an

elicitation strategy which was a process of planned formative assessment. The ultimate
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goal of the study was that after participating in the intervention, students were expected to
gain scores higher than cutting scores. Therefore, the following research hypotheses of this
study were proposed such that after this intervention:

1. The mean score for a student with respect to scientific concepts would be
higher than the scientific concept cutting score.

2. The mean score for a student’s metacognitive ability would be higher than
the metacognitive ability cutting score.

3. The mean score for a student’s science process skill would be higher than
the science process skill cutting score.

4. The mean score for a student’s attitudes towards chemistry would be at the

high level.

3. Research Participants

The research participants in this study included: (1) a researcher, (2) two
chemistry teachers, and (3) high school students.

1. The researcher developed the learning units, research assessments, and
conducted teacher training in the “teacher preparation” stage. During the preparatory stage
and confirmatory stage, the researcher was an observer of the instructional process in the
classrooms and collaborated with teachers to give feedback to students to improve their
learning just in case the teachers had not understood fully how to give the feedback.

2. Participating teachers: there were two participating teachers who had
experiences, for at least ten years, in teaching chemistry to high school students. One,
from Singburi School in Singburi province, was prepared for a good understanding of the
learning units as well as the role of teachers and then taught in preparatory stage (the first
semester of 2552 B.E. academic year). The other, from Banmi Wittaya School in Lopburi
province, was prepared in the same way and after all instructions taught in confirmatory
stage (the second semester in the same academic year).

3. Participating students: participating students were high school students
from Singburi School and Banmi Wittaya School. During the preparatory stage, a class of

36 participating students from Singburi School was taught by the participating teacher (the
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first semester of 2552 B.E. academic year). During the confirmatory stage, a class of 32
participating students from Banmi Wittaya School was involved in the process (the second

semester in the same academic year).

4. Research Methodology

The learning units which incorporated elicitation strategy in the context of chemical
bonding consisted of 2 main stages including preparatory and confirmatory stage. The 2
main stages are described as follows:

Stage 1: Preparatory stage. This stage involved: (1) Identifying students’
alternative concepts concerning the concepts of chemical bonding. This process included
both reviewed literature and surveyed 64 Thai high school students’ alternative conceptions
by using open-ended test. The students’ responses then were used as a clue to develop
the learning units; (2) defining the learning objectives of the learning units. The intended
learning objectives included concepts of the students concerning chemical bonding,
metacognitive ability, process skills, and positive attitudes towards chemistry; (3) developing
the learning units and the research instruments. The developed learning units incorporated
with elicitation strategy included the Teacher Guide Book and the Student Book; (4) field
trialing the learning units. The learning units were fully trial to a class of 36 participating
students from Singburi School (the first semester of 2552 B.C. academic year) in order to
investigate if they work; and, (5) revising the learning units based on information from the
field trial study before using in the next stage.

Stage 2: Confirmatory stage. This stage was related to: (1) preparing teacher
in terms of a good understanding of the learning units; (2) Informing participating teacher
and student individual about their role before the learning units were implemented; (3)
implementing the learning units to a class of 32 participating students from Banmi Wittaya
School (the second semester of 2552 B.C. academic year). Before involvement in the
learning units, the students were administered a pre-test as a means of measuring the
dependent variables. Then, the full implementation of the learning units was undertaken.
Finally, the post-test was administered to this class to make a final measurement of the
dependent variables post-implementation; (4) collecting data from the implementation. The
gathered quantitative data included scores of the students from concept test concerning the

concepts of chemical bonding, metacognitive inventory, science process skill test, and
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attitudes towards chemistry questionnaire. Moreover, qualitative data included teachers’
and students’ opinion towards the learning units; and, (5) analyzing the quantitative data to
test the research hypotheses. The analysis can be done by comparing a post-test mean
score to its cutting score. In addition, a mean score of students’ attitudes towards

chemistry was compared to the criterion score.

5. Materials for the Study

Materials of this study were:

1. The learning units. The learning units included learning activities on
chemical bonding concepts with incorporating an elicitation strategy. The scope of chemical
bonding concepts followed Thailand’s Basic Education Curriculum, B.E. 2544. The main
chemical bonding concepts were classified by following the Teacher Handbook of the
Institute for the Promotion of Teaching Science and Technology (IPST. 2001: 69-77) and
these concepts were regularly taught for 23 periods for high school students.

2. An assessment of chemical bonding concepts by using chemical bonding
concept test. The concept test, which was developed by the researcher, consisted of 12
item and 32 sub-items which covered the main chemical bonding concepts.

3. An assessment of metacognitive ability by using metacognitive inventory.
The inventory consisted of 3 cognitive tasks. Two cognitive tasks assessed mecognitive
knowledge and one cognitive task assessed metacognitive control.  All tasks were
presented in the chemical bonding context.

4. Students’ science process skills were assessed by the Test of Integrated
Process Skill Il (TIPS II). The TIPS Il was originally developed by Burns and his colleagues
(1985). Four aspects of the integrated process skills were adopted for use in this study
including: (1) defining operation, (2) formulating hypotheses, (3) defining operation, and (4)
designing investigation. Total items of the test contained 30 items. After permission had
been sought and granted for the use of TIPS Il from the author, it was translated and
modified to Thai language and adapted into a more suitable language.

5. An assessment of attitudes towards chemistry by using attitudes towards
chemistry questionnaire. The questionnaire was also developed by the researcher. The

questionnaire consisted of 39 statements divided into 4 aspects including: (1) the
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importance of chemistry in daily life, (2) easy-difficulty perspective on chemistry, (3) the
interest of chemistry, and (4) the usefulness of chemistry for further career.

6. Teacher's opinion towards the learning unit questionnaire. The
questionnaire consisted of 12 open-ended questions constructed by the researcher. This
questionnaire intended to get information from the participating teachers after using the
learning units to collect data on advantages, disadvantages, problems and suggestions.

7. Students’ opinion towards the learning unit questionnaire. The
questionnaire comprised of 12 open-ended questions developed by the researcher. This
questionnaire was used to collect the opinions from the participating students after

experiencing through the learning units.

6. Statistic Analysis

The statistic analysis was used for analyzing data to test research hypotheses.
The results of hypothesis testing suggested that student post-test mean score from: (1) the
chemical bonding concept test, (2) metacognitive inventory, and (3) the TIPS Il were
significantly higher than the cutting score at 0.05 level of significance. However, a mean
score for the students’ attitudes towards chemistry was only at the medium level. Statistical

analysis for testing research hypotheses are as follows.

6.1 The Cutting Score Determination

The process of locating an optimal cutting score uses Berk's method
(1976). To do so, post-test scores from students who had already experienced through the
learning units in the preparatory stage were defined as master students, while pre-test
scores from the students who had not yet studied with the learning units from the
confirmatory stage were defined as non-master students. The master and non-master
student scores were used for constructing frequency curves to find possible cutting scores;
subsequently, the range of scores around the cutting point was calculated to obtain the

optimal cutting score.

6.2 Descriptive Statistics
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Descriptive statistics used in this study were a mean and a standard
deviation. The mean and standard deviation were used for describing characteristics of
mean score from the students on: (1) chemical bonding concept scores, (2) metacognitive
ability scores, (3) science process skill scores, and (4) students’ attitudes towards chemistry

scores.

6.3 Inferential Statistics
Inferential statistics used in this study was t-test for one sample. The t-test
for one sample was used for comparing post-test mean scores and a criterion score on the
following: (1) the chemical bonding concept, (2) metacognitive ability, (3) science process
skills, and (4) attitudes towards chemistry. In addition, t-test paired sample at the 0.05 level
of significant was adopted to compare pre-test and post-test mean scores for the students’

chemical bonding concepts, metacognitive ability, and science process skills.

7. Conclusion of the Study

The results of the preparatory stage included: (1) developing the learning units, (2)
constructing research assessments, (3) conducting field trial study, and (4) revising the
learning units. The results of the confirmatory stage compose of: (1) quantitative data on
testing research hypotheses, and (2) additional qualitative data from teacher’s and students’

opinions towards the learning units

7.1 The Results of the Preparatory Stage
The preparatory stage aimed to develop and try out the learning units.
The results of this stage included: (1) developing the learning units, (2) constructing

research assessments, (3) conducting field trial study, and (4) revising the learning units.

7.1.1 Developing the Learning Units
The learning units with incorporating an elicitation strategy were

developed following the learning standards in Thailand’s Basic Education Curriculum, B.E.



140

2544 (Ministry of Education, 2001). The learning units consisted of the Teacher Guide
Book and the Student Book. The learning units verified as valid by 3 experts in terms of
their consistency and appropriateness for these following areas: (1) the consistency
between learning objectives and ways to assessment, (2) the correctness of chemical
bonding concepts, (3) suitability of learning activities, (4) suitability of the language using,
and (5) the consistency between the learning units and the instructional model. The results
of experts’ judgment indicated that overall appropriateness of the Teacher Guide Book and
the Student Book was the high level. In addition, the Teacher Guide Book and the Student

Book were consistent with each other.

7.1.2 Constructing Research Assessments
The research instruments for collecting data in this study includes:
(1) chemical bonding concept test, (2) metacognitive inventory, (3) science process skill
test, and (4) attitudes towards chemistry questionnaire. Results of developing each

instrument is described as follows.

7.1.2.1 The Chemical Bonding Concept Test

The chemical bonding concept test was used for examining
students’ chemical bonding concepts. The test used a two-tier format which consisted of 12
main items and 32 sub-items. Subsequently, the test had been verified the content validity
by 5 experts. The results of the experts’ judgments showed that the test was qualified to
be used as a research instrument. However, there were some areas under the
consideration were improved based on the suggestions from the experts before being
implemented. Then, the test was administered to 64 high school students to obtain more
information and fulfill the scoring criteria. After being revised again following the survey
information, the test was administered to 115 high school students. Information from this
examination was used for calculating item discrimination and the reliability of the test. The

item discrimination ranked from 0.20 to 0.95 and Cronbach’s alpha reliability was .92.
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7.1.2.2 The Metacognitive Inventory

The metacognitive inventory was used for measuring the
metacognitive ability of the students. The inventory consisted of 3 cognitive tasks, and all
of them related to chemical bonding. 2 cognitive tasks were designed to assess
metacogntive knowledge, and 1 cognitive task was created to evaluate metacognitive
control. The process for the inventory construction began with: (1) identifying definitions of
terms related to metacognitive ability; (2) designing the cognitive tasks and objectives of
metacognitive behavior; (3) constructing open-ended questions and scoring criteria. Then,
the constructed open-ended questions and scoring criteria were certified as valid by the 3
experts. After that, the inventory was administered to 62 high school students. Scores
from this examination were used for calculating the reliability of the inventory. Results of

the calculation showed the reliability was .72.

7.1.2.3 The integrated science process skills test (TIPS II)

The Test of Integrated Process Skills 1l (TIPS 1) was
originally developed by Burns; et.al. (1985) and was used for measuring integrated process
skills. Four aspects of the integrated process skills were adopted for use in this study
including: (1) defining operation, (2) formulating hypotheses, (3) defining operation, and (4)
designing investigation; and, total items of the test which was used in this study was 30.
After permission had been sought and granted for the use of TIPS Il from the author, it was
translated and modified to Thai language and adapted into a more suitable language. The
test then was used with 151 Thai high students. Result of the examination showed that: (1)
Cronbach’s alpha coefficient reliability was 0.81, (2) an average item difficulty was 0.49, and

(3) an average item discrimination index of 0.47.

7.1.2.4 The Attitudes towards Chemistry Questionnaire
Attitudes towards chemistry questionnaire was used for
measuring students’ attitudes towards chemistry. The attitudes towards chemistry were
defined chemistry culture which included chemistry theory, chemistry laboratory, and values
that influenced behavior, the belief systems, and person’s perceptions. Totally 39

statements reflected either positive or negative feelings towards chemistry in 4 aspects,



142

namely: (1) the importance of chemistry in their life, (2) the easy-difficulty perspective, (3)
the interest of chemistry course, and (4) the usefulness of chemistry course for further
career. The questionnaire verified the construct validity by 3 experts; then, it was
administered to 132 high school students. Because 31 students had not completed the
questionnaire, only 101 students’ responses were analyzed to test the reliability. The

Cronbach’s alpha coefficient reliability was .91.

7.1.3 Conducting Field Trial Study

The purpose of the field trial study was to implement fully the
learning units in order to investigate the time suitability, language using and the suitability of
learning activities. Information gained from the field trial study was used for improving the
learning units before they were implemented to the participating students in the confirmatory
stage. The information from the field trial study was students’ learning outcomes. The
learning outcomes were scores on: (1) the chemical bonding concepts, (2) metacognitive
ability, (3) integrated science process skills, and (4) attitudes towards chemistry. The
results of the field trial study indicated that a post-test mean score of the students from: (1)
the chemical bonding concept test was 32.03 (N=36); (2) the metacognitive inventory was
13.61; and, (3) the TIPS Il 20.75. However, scores from the students’ attitude towards

chemistry were also gathered and used for analyzing the reliability of this questionnaire.

7.1.4 Revising the Learning Units

After, the entire learning units were implemented with a class of 36
students at Singburi School as a field trial study (the first semester of 2552 B.E. academic
year), the learning units were improved in these following areas: (1) an interpretation sheet
was designed to be easier to perform for the teacher because the teacher did not clear how
to interpret students’ concept based on the scientific criterion; (2) the apparatus which used
to measure the conductivity of substances was changed from one designed by a
commercial company to be a volt meter; (3) learning activities which aroused the students

to metacognitively thinking were added; and (4) some wording which appeared in the
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Teacher Guide Book and the Student Book needed to be corrected and revised to be

understood.

7.2 The Results of the Confirmatory Stage

The confirmatory stage aims to fully implement the learning units in
Banmi Wittaya School (the second semester of 2552 B.E. academic year) to gather data
regarding the students’ learning outcomes. The results of the confirmatory stage compose
of: (1) quantitative data on testing research hypotheses, and (2) additional qualitative data

from teacher’s and students’ opinions towards the learning units

7.2.1 Chemical Bonding Concepts of the Students

The chemical bonding concepts were classified into 3 main
concept areas including ionic substance, covalent substance, and metallic substance.
Firstly, when the entire chemical bonding concepts were statistically tested to determine
whether the first research hypothesis was supported, the results showed that the first
research hypothesis which stated that the students’ scientific concept mean score was
higher than the cutting score was supported. Therefore, it can be concluded that students’
scientific concepts mean score after participating in the learning units incorporated with
elicitation strategy improved. Secondly, when the 3 main concepts including: (1) the ionic
substance, (2) covalent substance, and (3) metal were separately tested, the results
indicated that the research hypothesis was supported. In other word, the learning units did
improve to students’ scientific concepts. Thirdly, when an analysis took place more deeply
on the ionic substance concepts, namely (1) the ionic bonding formation, (2) the electron
configuration, (3) the ionic solution, (4) the conductivity of ionic substances, and (5) the
octet rule, the results indicated that students’ concepts related to the ionic bond formation,
the ionic solution and the conductivity of ionic substances improved. However, there is no
statistical evidence of students’ improved scientific concepts concerning the electron
configuration and the octet rule. Fourthly, when deeply analyzing the covalent bond
concepts including: (1) the covalent bonding formation, (2) the property of water, (3) the
bonding energy, (4) the bond and molecular polarity, and (5) the intermolecular forces, the
results found that the students’ concepts related to: (1) the covalent bond formation, (2) the
property of water, (3) the bond and molecular polarity, and (4) the intermolecular forces

were clearly improved after participating in the learning units. In contrast, student’s
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concepts of the bond energy had no statistical evidence of an improvement. Finally, when
the metal concept was thoroughly tested, the results indicated that the learning units did

improve the students’ concepts both the metal model and the physical property of metal.

7.2.2 Metacognitive Ability of the Students

The second hypothesis related to improvement in students’
metacognitive ability. The students’ metacognitive ability was divided to metacogntive
knowledge and control. Firstly, when the entire metacognitive ability was statistically tested
to specify the effectiveness of the learning units, the analysis showed positive effect from
the learning units on students’ metacognitive ability overall. ~ Secondly, when the
metacognitive knowledge was thoroughly analyzed, the results indicated that the learning
units significantly improved students’ declarative and condition knowledge. However, there
was no statistically evidence of improving students’ procedural knowledge by learning from
application of the learning units. Finally, when students’ metacognitive control was tested in
the same manner as that for metacognitive knowledge, the results disclosed that the
learning units did increase students’ mecognitive control in all aspect including planning,

monitoring, and evaluating.

7.2.3 Science Process Skills of the Students

The third research hypothesis related to testing the integrated
science process skills. In this study, the science process skills were divided into 4 aspects
which were: (1) the defining operation, (2) the formulating hypothesis, (3) the operationally
defining, and (4) the designing investigation. First, when testing the science process skills,
the results pointed that students’ science process skill post-test mean score was greater
than the cutting score. In other word, the learning units which incorporated elicitation
strategy did improve students’ science process skills overall. When testing individually
science process skill aspect, the results indicated that the learning units did enhance
students’ process skills concerning: (1) defining operation, (2) the formulating hypothesis,
and (3) the operationally defining, but the effectiveness of the learning units on science

process skills related to designing investigation was not statistical significant.

7.2.4 Attitudes towards Chemistry of the Students
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The fourth hypothesis referred to improving students'
attitudes towards chemistry. The attitudes towards chemistry were classified into 4 aspects
including: (1) the importance of chemistry in daily life, (2) the easy-difficulty perspective, (3)
the interest of chemistry course, and (4) the usefulness of chemistry course for further
career. Results of entire testing on students’ attitudes towards chemistry showed that
students’ attitudes towards chemistry were only at the medium level. And, the results of
separately testing indicated that only the first aspect, namely the importance of chemistry in

daily life, was at the high level.

7.2.5 Teacher’s Opinions towards the Learning Units

The opinions from the teacher were collected in a written
format by using a questionnaire. The first question asked the teacher to consider how the
5Es model incorporated with an elicitation strategy affected her teaching. From the teacher
point of view, (1) the elicitation activity which was incorporated into the engagement phase
assured the teacher about the students’ preconceptions. After the teacher had already
known those preconceptions, it was easier for the teacher to move on to the next step; (2)
the elicitation activity which was incorporated into the exploration phase was useful because
it reminded the teacher about a current understanding of the students; (3) the elicitation
activity which was incorporated into the explanation phase provided the teacher in the way
that whether the students appropriately connected a new knowledge to their own current
understanding, and whether the students could apply deeper and broader of their
understanding; (4) the elicitation activity which was incorporated into the evaluation phase
informed the students what they had already written on elicitation activity X-1 to X-3 and
also they could compare what was changed in terms of their understanding. Besides, the
teacher viewed that the elicitation X-4 also provided the students to change their answers
from the perplexed or confused answers to be the clearer and more correct ones.

The opinions from the teacher towards an interpretation of the
students’ ideas show that the interpretation is an instructional process that has more
advantageous than a traditional teaching. Because the traditional teaching, the teacher
assessed scientific concepts of the students by using a lesson exercise, a laboratory
record, a game and so on. Then, the students were classified to be a high or low
achievement, but the teachers have never known authentic problems of students’ concept

by this traditional teaching. On the contrary, the process of interpreting students’ ideas
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provides the teacher of: (1) what the scientific concepts of the students are; (2) how the
students understand those concepts; (3) what the problem of the students might have
concerning those scientific concepts; and (4) how the teacher should deal with that
problem.

The opinions from the teachers towards giving a feedback
indicated that the feedback for the entire class was important because it reflects students’
answers from an elicitation activity. And, the feedback for a class was time saving and it
made the students know what others thinking. Moreover, the feedback for the students
individually was the best way to provide each student to know what his or her problem on
the concepts of chemical bonding. However, the teacher thought that this process needed
the knowledgeable teacher; otherwise, it might lead to develop misunderstand for those
students. Also, this process must be done continuously to be useful for the students’
learning.

The opinions from the teachers towards the effect of the
learning units in improving the learning outcomes pointed that the learning units could
improve the learning outcomes of the students. The teacher stated that: (1) the students
were difficult to answer on an elicitation activity at the beginning because they were
unfamiliar with this activity and afraid of being wrong. After doing the activities more often,
the students gave the answer which included more details. This result suggested that the
students could develop their thinking and were not afraid of being wrong; (2) for improving
science process skills, the students had to do a laboratory more often to be master on
these skills; (3) for improving positive attitudes of the students, the teacher was not sure
that the learning units would improve these attitudes because the students often thought
that a chemistry was the most difficult subject. However, the teacher added that the
elicitation activity was not too hard to answer, so it may cause the students try to
understand; therefore, it may cause the students feel positively towards chemistry and
enthusiastic to learn this subject.

The opinions from the teacher towards the learning units in
overall show that the learning units incorporated with an elicitation strategy were an
appropriate learning unit because it was neither hard nor easy. Various questions in the
elicitation activity were clear and efficient to assess scientific concepts of the students.
Moreover, the questions can distinguish what students had known, what they had confused,
and how they confused. In addition, the teacher suggested that the instructional process

incorporated with the elicitation strategy should be developed for more than only a topic of
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chemical bonding and also the elicitation strategy should be designed and added to a
chemistry book since a primary level to make Thai students to be reasoning people and

good at scientific conception.

7.2.6 Students’ Opinions towards the Learning Units

The opinions from the students were collected in a written
format by using a questionnaire. The opinions of the students towards the elicitation activity
showed that: (1) most students stated that the elicitation X-1 activity was very useful and
enable them to be aware how much the background knowledge they needed to learn the
next topic. However, some students said that they felt frustrated to do this activity because
they had not learnt anything about that topic yet; (2) the elicitation X-2 and X-3 activities
made them prepare themselves by reading a current concepts before the class started; as
a result, they were easily able to understand the new scientific concept; and, (3) the
elicitation X-4 activity provided them a chance to change, add, or revise their answer as
previously written on the elicitation X-1, X-2, and X-3 activities. Moreover, most students
agreed that the elicitation X-4 were the most usefulness because the students had an
opportunity to revise their misunderstanding before learning a new concept.

The opinions from the students towards the interpretation show
that the interpretation which classified the answers of the students into complete,
incomplete, alternative, and no concept was very useful because they knew how much
further they had to do to reach the level of the complete conception. For example, some
students stated that they urged their friends to explain scientific concepts if their answers
were classified into the incomplete, alternative or no concepts. Besides, some students
believed that they would get a high score if they were classified into the complete concepts.

The opinions from the students towards the feedback indicated
that: (1) the entire class feedback informed them to know that there were many possible
answers of a particular question and they would aware the thinking of the others; and, (2)
the individual feedback was enable them to know their problems, how they were far away
from the goal of the instruction, and how to perform to reach the goal. For example, the
students could compare their answers and feedbacks among peers to improve their
understanding.

The opinions from the students towards the learning units in

improving the learning outcomes indicated that: (1) all students agreed that the learning
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units could improve their scientific concepts concerning chemical bonding because the
learning process was enable them to value their conceptual weakness, to see how to
improve that weakness, and to develop much more understanding on scientific concepts
overtime; (2) the students perceived that the elicitation and the given feedback could
improve their metacognitive ability because they saw their weakness and they could control
their own learning; (3) the students stated that performing several laboratories could
improve their science process skills; and, (4) most students stated that the learning units
incorporated with elicitation strategy could improve their attitudes towards chemistry
because they enjoyed learning. Nonetheless, some students responded that the learning

units did not much affect on their attitude because they were still dislike chemistry anyway.

8. Discussion

The results from this study have been discussed in terms of agreement or
disagreement with the previous research studies and the involved educational theories.
The discussion comprises 4 parts including: (1) the chemical bonding concepts, (2) the

metacognitive ability, (3) the science process skills, and (4) the attitudes towards chemistry.

8.1 Chemical Bonding Concepts
The discussion on the chemical bonding concepts of the students is
divided to 2 parts including (1) results on the chemical bonding concepts of the students
and (2) the scientific concepts of the students concerning the electron configuration, the

octet rule, and the bond energy. Detail of each part is described as follows.

8.1.1 Results on the Chemical Bonding Concepts of the Students
The mean score for the chemical bonding concept of the students
after the instruction was higher than before. Further the result from comparing this mean
score to the cutting score showed that the post-test mean score was significantly higher
than the cutting score. Besides, the results of comparing a post-test mean score of 3 main
concepts to the cutting score indicated that the mean score for each was significantly

greater than the cutting score. Moreover, the results of thoroughly comparison for each
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concept to the cutting score indicated that the concepts of: (1) the ionic bonding formation,
(2) the electron configuration, (3) the ionic solution, (4) the conductivity of ionic substances,
(5) the octet rule, (6) the covalent bonding formation, (7) the property of water, (8) the
bonding energy, (9) the bond and molecular polarity, (10) the intermolecular force, (11)
metal model, and (12) physical property of metal did improve.

The results above indicated that the learning units incorporating an
elicitation strategy were effective because the elicitation strategy enables the students to
express and make known their concepts before, during and at the end of the instruction.
By doing this, the students can: (1) make their concepts concerning chemical bonding
explicitly, (2) check the progress of their own understanding over time, (3) realize the
difference, strength, or weakness of their conceptual development, and (4) maintain their
attention to the learning activities and perceive ambiguities. Several researchers agreed
with an improvement in learning by making the ideas of the students explicit and the results
of this study were consistent with numerous previous studies. For example, the study done
by Calik; Ayas; & Coll (2010), Gallagher (2007), Moyer; Hackett; & Everett (2007), Ruiz-
Primo; & Furtak (2007), M. G. Hewson (1993, 1992), Driver (1987), and Driver; & Scott
(1996) found that elicitation was an effective strategy in an instructional sequence. That is,
the instructional sequence incorporating an elicitation strategy can help the students to
learn with understanding, to avoid developing alternative concepts, provide an opportunity
for the students to develop scientific concepts which are relevant to their existing
knowledge. However, alternative concepts may have a positive role because
conceptualization is an essential step in the evolutions of innovative ideas (Nussbaum.
1998: 180-183). Nussbaum suggested that science educators should not try to ignore
these alternative concepts; rather, the science educator should focus on them to initiate the
conceptual change learning. The conceptual change learning involves the students
recognizing their existing ideas, evaluating these ideas, and personally deciding whether or
not to reconstruct these existing ideas (Gunstone. 1994: 132-134). Therefore, learning by
making the ideas of the students more explicit should be valued by chemistry teachers. If
these existing ideas have never been drawn out and exposed, the students may not be

aware of what are they thinking and they may fail to learn chemistry with understanding.

8.1.2 The Scientific Concepts of the Students Concerning Electron

Configuration, Octet Rule, and Bond Energy
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The results of testing this research hypothesis indicated that the
mean scores of the students concerning: (1) electron configuration, (2) octet rule, and (3)
bond energy was higher after the instruction than before the instruction. However the mean
scores of these concepts were not higher than the cutting score. This result is consistent
with the research finding done by Boo (1998). Boo reported that a concept of the students
concerning the bond energy was still problematic after the instruction because doing
mathematics in chemistry was a problem for the students. Moreover, the following reasons
may affect the result of this study.

1. One possible reason for explaining why the students had
difficulty in understanding the concepts of the electron configuration, the octet rule, and the
bond energy is that one cannot see atoms. Results of the opinions from the students
showed that as they cannot see atoms or molecules and how they interact, so some of
them did not believe that atoms or molecules truly existed. This result was consistent with
the study done by numerous researchers (Tan; & Treagust. 1999: 75; Coll; & Taylor.
2002: 175; Taber; & Coll. 2002: 214; Unal; Calik; Ayas; & Coll. 2006: 144; Gabel. 1999:
548). These researchers found that the concepts of chemical bonding is far from the daily
experiences and one cannot see an atom and its reactions; therefore, it may lead the
students to develop misunderstanding on those concepts.

2. Another reason may be the cognitive development of the
students. The Piaget's stage theory of the cognitive development stated that a child
gradually develops his or her competencies by passing through a series of 4 stages of
development: (1) the child in the first stage, namely sensory-motor stage (0-2 years old),
develop schemes for thinking about the physical world; (2) the child in the second stage,
namely preoperational stage (2-7 years old), can engage in the internal thought but lack of
systematicity; (3) the child in the third stage, namely concrete-operational stage (7-11 years
old), develops a set of mental operations that allows him or her to treat the physical world
in a systematic way; and (4) the child in the fourth stage, namely formal-operational stage
(11-15 years old), is capable of scientific reasoning and understanding abstract concepts.

However, Shayer and his colleagues (1976) (citing Harrison; et.al.

2000: 176) used Piaget's stage theory of cognitive development to study 12,000 British
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students (average age of 15 year 9 months) led to the Cognitive Acceleration in Science
project (CASE) in order to produce thinking science materials for a school. These materials
contained 32 activities which showed well-defined lines of progression within reasoning
patterns characteristic of higher-order thinking. The study found that 13% of the 12,000
British students was at late formal operational; 18% was at early formal operational; 54%
was at late concrete; 15% was at early concrete; and, none was at the pre-operational
stage. Moreover, the study done by Adey (2000: 165-166) matched science in the national
curriculum to the Piagetian cognitive levels. The study found that the concepts of chemical
bonding should be taught to students at the early formal operational stage.

Even though the study above suggested that chemical bonding
should be taught to the students at the early formal operation, there was evidence from a
study done by Shayer and his colleagues which showed that the students with the age of
15 to 16 years were unable to reach the Piaget’s stage theory of cognitive development. A
parallel in this finding can be found within the Thai situation. That is, some participating
students were only at the early concrete or pre-operational, so they had difficulty in
understanding the abstract scientific concepts. In particular, the concepts of electron
configuration, octet rule, and bond energy are regarded as more abstract; therefore, the
students may not be able to understand such abstract concepts due to their own level of
cognitive development.

3. Another reason for explaining the results of the study may be
the needs more on a learning strategy. Even though the elicitation strategy has been
reported as an effective way of addressing alternative concepts and improving scientific
concepts of the students, this research study found that some scientific concepts such as
those concerning the electron configuration, the octet rule, and the bond energy were not
grasped fully by the students. To accomplish the goal of appropriate concept attainment
within these topics, the needs for additional learning strategies should be considered. For
example, Fairbrother (2000: 13-14) found that concept map can be used by both the
teachers and the students. Because the hierarchical concept map enables those students

to clarify ambiguities of text, reveal alternative concepts, initiate ideas, share their ideas with
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someone else, and keep track of their ideas in order to update their understanding.
Moreover, the study of Frailich; Kesner; & Hofstein (2009: 289) indicated that using a web-
based learning approach can enhance 10th grade students in understanding the concepts of
chemical bonding. The researchers found that the experimental group within their study
outperformed significantly the control group in the achievement post-test. The results
suggested that some web-based learning activities should be valued as one teaching

strategy for improving the understanding of the students on chemical bonding concepts.

8.2 The Metacognitive Ability

Discussion on metacognitive ability of the students is divided into 2 parts
namely (1) results on metacognitive ability of the students, and (2) the procedural

knowledge of the students. The detail of each is discussed as follows.

8.2.1 Results on Metacognitive Ability of the Students

The metacognitive ability mean score of the students after the
instruction using the learning units incorporated with an elicitation strategy was significantly
greater than before. Further a comparison between mean scores and their cutting score
indicated that: (1) the mean score of the entire metacognitive ability was statistically higher
than the cutting score; (2) the mean scores of the metacognitive knowledge and
metacognitive control were significantly higher than their cutting score; and (3) the mean
scores of the declarative knowledge, condition knowledge, planning, monitoring, and
evaluating were greater than their cutting score.

These results indicated that the students can enhance their
metacognitive ability including metacognitive knowledge and metacognitive control. One
reason to explain this result is that the elicitation strategies provided the students a chance
to express their ideas before, during, and at the end of the instruction. During the process
of expressing the ideas, the students would become aware of their own ideas and
determine whether those ideas were relevant to an accepted scientific concept. Learning

by becoming aware of their own thinking, the students then can improve their metacognitive
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ability.  Paris; & Winograd (1990: 15) stated that the teachers can promote the
metacognitive ability of the students by informing directly them of insights from their own
thinking and also by fostering independent learning.

Another means of improving the metacognitive ability of the
students may come from re-writing a lab report. When the students had completed the
laboratory, they had to turn in a lab report to the teacher. The first submission was then
scored and recorded as a group on science process skills. Subsequently, the teacher had
made copies of that lab report equal to the number of members of each group and returned
a copy to an individual student with a scoring criterion. This process makes the students
carefully compare their first answer to the scoring criterion. Most of them revised their
mistakes using a red pen and returned the report to the teacher. The second submission
was scored as a score for individual on the metacognitive ability. This process involved the
students in improving the metacognitive control because they now knew the goal of the
learning activity (e.g. need a full score) and tried to monitor their own learning to

accomplish that goal.

8.2.2 The Procedural Knowledge of the Students

The result on the procedural knowledge of the students did not
show evidence statistically of improving this knowledge due to learning with the learning
units. This finding was consistent with the study done by Blank (2000: 486-490). Blank
studied the effectiveness of the metacognitive learning cycle on content knowledge of
students. The metacognitive learning cycle consisted of 4 phases namely: (1) concept
assessment/status check, (2) concept exploration, (3) concept introduction/status check,
and (4) concept application/status check. The results found that the students in the
metacognitive class did not gain a greater content knowledge than the normal class.

One possible reason for this result may be a lack of several
learning activities for the students to develop the procedural knowledge. To improve this
knowledge, numerous activities are required. For example, Rickey and Stacy (2000: 918-

919) suggested that learning activities such as the concept maps, the concept test, Predict-
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Observe-Explain (POE) tasks, and the Model-Observe-Reflect-Explain (MORE) should be
valued as instructional tools. Because, these tools allow the students to connect between
the macroscopic and microscopic explanations; as a results, they can help the students
improve their metacognitive awareness in the chemistry class. Moreover, Fairbrother
(2000: 7) proposed that a group discussion should be incorporated into the normal learning
because it involves in sharing both what the students understand and how they gain their
understanding. Besides the group discussion, Fairbrother (2000: 9-14) also suggested a
number of strategies for developing metacognitive behaviors including: (1) identifying what
student knows and what they do not know; (2) talking about thinking; (3) keeping a thinking
journal; (4) planning and self-regulation; and (5) debriefing the thinking process and self-
evaluation. However, a failure could occur if the students were not given sufficient
guidance about how to work, or how to solve a problem. Therefore, the teacher then
should detail a specific behavioral objective relating to what they are expected to know,

understand, and do in classroom (Fairbrother. 2000: 14).

8.3 The Science Process Skills
Discussion on science process skills of the students is divided to 2 parts
including (1) the results of the science process skills of the students, and (2) the science
process skills of the students concerning the designing investigation. The detail of each

part is discussed as follows.

8.3.1 The Results of the Science Process Skills of the Students
Results of testing science process skills of the students showed that
the mean score of the science process skills of the students after the instruction was
greater than before. Further the results of comparison between the cutting score and the
post-test mean score of students indicated that: (1) the entire science process skill post-test
mean score were greater than the cutting score; and, (2) science process skill mean scores
of the students concerning the defining operation, the formulating hypothesis, and the

operationally defining were significantly higher than the cutting score. The results showed
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that the students who experienced with the learning units had significantly improved their
science process skills.

The above results showed that the learning units incorporated with
elicitation strategy did affect science process skills of the students. In Thailand, teaching
chemical bonding concepts was regularly performed without doing a laboratory because this
topic was much presented as fundamental conceptual learning. However, these learning
units tried to improve the science process skills of the students; therefore, 4 laboratories
were created and incorporated into those learning units so that the students would related
the macroscopic, microscopic, and symbolic level together to understand more thoroughly
the concepts of chemical bonding. Moreover, these 4 laboratories provided the students
with the opportunity to closely link between the macroscopic phenomenon from the
laboratory and the explanation in the microscopic and symbolic level. In addition, Black and
Harlen (1996: 219-220) added that the development of science process skills needed a
well-organized content. The well-organized content should be: (1) confronting students with
adequate evidence to challenge their existing ideas; (2) reinforcing students to recognize
the conflict between their ideas and evidence which required skills and attitudes to be
developed; (3) closely linking scientific concepts and process skills in attempting to change
concepts by avoid applying the thought process in a limited range of experiences; and (4)
establishing a firm theoretical ground from empirical work, that the students had already

been done, for the notion of levels in relation to process skills development.

8.3.2 The Science Process Skills of the Students Concerning the
Designing Investigation

The science process skills in this study were divided into 4 categories
namely: (1) defining operation, (2) formulating hypothesis, (3) operationally defining, and (4)
designing investigation. The results of testing the related hypothesis indicated that post-test
mean score for the designing investigation was not greater than the cutting score. Possible
reasons to explain this result included:

1. Incorporating only 4 hand-on activities might not be effective
enough to develop the science process skills concerning designing investigation; therefore,
several activities to develop the skills of designing investigation should be added to these
learning units. This suggestion was consistent with the study done by Harrison and his

colleagues (2000: 184) who stated that the progress of ability to carry out scientific
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investigations needed a variety of contexts using a variety of investigations. Watson (2000:
68-69) stated that the practical work is one of the hallmarks of science, and he argued that
learning science without practical work may fail to reflect the true nature of scientific activity.
Watson proposed that the need for different kinds of practical activity including: (1) science
process skills should be embedded in the context of the particular scientific purpose so that
the students would see the relationship between theory and practice; (2) way of doing
practical work which had been seen in the past was not enough; therefore, students should
be provided time for trying to understand the relations between evidence and theory, and
also time for discussion to make their ideas explicit.

2. Another reason might relate to Piaget's stage theory of cognitive
development. That is, Harrison and his colleagues (2000: 181) reported that the implication
of developing procedural understanding at early concrete level presented a difficulty in
isolating variables and understanding the need to change one independent variable at a
time. In other words, the students at this stage had difficulty in holding 2 variables in their
mind and conceptualizing relationships between them.

3. One possible reason is the need for discussion time. Nakhleh;
Polles; & Malina (2002: 88) discussed the importance of student’s discussion in that “the
discussions are where the students can make the most meaningful connections between
the phenomena they observe and measure in the laboratory and the concepts they are
struggling to learn in lecture.” The researchers also suggested that, during pre-laboratory
discussions, teachers should focus the students on what they will observe and why. During
post-laboratory discussions, teachers should concentrate on helping students thinking about
the data, how to analyze the data, and how to connect the data to the concepts being

studied.

8.4 Attitudes towards Chemistry
The discussion part of attitudes towards chemistry is divided into 4 parts
namely (1) the results of students’ attitude towards chemistry in overall, (2) the easy-
difficulty perspective, (3) the interest of a chemistry course, and (4) the usefulness of

chemistry for further career. The detail of each part is discussed as follows.

8.4.1 The Results of Attitude towards Chemistry of the Students



157

The results of testing students' attitudes towards chemistry indicated
that the students’ overall attitude towards chemistry were at the medium level. For each
aspect, the attitude towards chemistry in terms of the importance of chemistry in daily life
was at the high level. However, the attitudes towards chemistry in the aspect of: (1) the
easy-difficulty perspective, (2) the interest of chemistry course, and (3) the usefulness of
chemistry course for further career were at the medium level. Most aspects of this finding
were similar to the study conducted by Salta & Taougraki (2004). The researchers
conducted their study with 11" grade Greek students and their results found that: (1) the
students had a neutral attitude towards the difficulty of chemistry; (2) student’s attitudes
regarding interest of chemistry was neutral; (3) the students had positive attitude towards
the importance of chemistry in their life; and (4) students’ attitude concerning the usefulness
for their future career was negative.

However, Simon (2000:109) studied the attitudes of students towards
school science. The results showed that the students had the highest positive attitudes
towards the school science when the students were at or before the age of 11 and then this
attitude declined significantly with increase in age. Simon explained that the students had
entered a secondary school with a highly favorable attitude towards science and highly
interest in science. The decline in positive attitude was due to their experience of school
science.

A student’s attitude towards chemistry is affected by many factors.
One factor is concerned with laboratory instruction. The following research was reviewed
and the findings support the ideas of using the laboratory to develop more positive students’
attitude towards science. Freedman (1997: 343) investigated the use of a hand-on
laboratory program as a means of improving student’'s attitude towards science. The
results showed that the laboratory instruction influenced, in a positive direction, the
students’ attitude towards science, and influenced their achievement in science knowledge.
Moreover, evidence from the study done by Johnstone; & Sleet (1994: 77) supported the
conclusion that learning with well-organized laboratory courses did improve attitudes of the
students towards chemistry.

In addition, Simon (2000:110-114) proposed factors influencing positive
students’ attitude towards science including: (1) an effective teaching, (2) the high level of

involvement of the students, (3) the high level of personal support between teachers and
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students, (4) the positive relationships among students, and (5) the use of a variety of
teaching strategies. Furthermore, Simon (2000:110-114) stated that the most common
reasons why the students like or dislike the subject related to the teacher. According to
Simon, good teachers should: (1) be enthusiastic about their subject; (2) set science
lessons in everyday contexts and run well-ordered science lessons; (3) be sympathetic and

willing to spend time on talking to students about science, careers and individual problems.

8.4.2 The Easy-difficult Perspective

As stated at the beginning in this Discussion section, students’
attitudes towards chemistry concerning the easy-difficult perspective were at the medium
level. This finding is in agreement with the study conducted by Salta; & Taougraki (2004) in
that 11" grade Greek students considered chemistry to be neither difficult nor easy (neutral
or medium level).

However, the information gained from students’ opinions towards the
learning unit showed that some students perceived chemistry as the most difficult subject;
therefore, they would not choose to learn anything related to chemistry. This result may
suggest that the learning units incorporated with the elicitation strategy would not be
sufficient to enhance students’ attitudes positively towards chemistry concerning the easy-
difficult perspective.  Moreover, Simon (2000:110-114) suggested that the students
perceived the science as a difficult subject; and, they thought that science was only taken
by a high achieving student. This finding agreed with the statement of previous research
finding in that when science is more advance and far from daily experience, the students
may lose interest in it (Aiken; & Aiken. 1969: 295; Bybee. 2008: 123; Gardner. 1975: 1).

The fact that the students may bring not only alternative concepts to a
science classroom, but also negative attitudes towards science. These may well influence
subsequent learning (Scott; Asoko; & Driver. 1992: 325; Laforgia. 1988: 407-408).
Particularly in the chemistry class, lacking of attention to students’ attitudes may cause
some unexpected results (Menis. 1983: 190; Koballa; & Crawley. 1985: 222). One
possible way of improve attitudes towards chemistry was proposed by Cheung (2009: 88).
The researcher had documented that chemistry educators need a good strategy for making
chemistry more make-friendly in order to improve students’ attitude towards chemistry. The

key to make chemistry lessons more make-friendly is probably: (1) the use of inquiry-based
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laboratory work; and (2) the use of the humanistic approach to designing the chemistry

curriculum.

8.4.3 The Interest of Chemistry Course

The attitudes towards chemistry concerning the interest of chemistry
course were at the medium level. This finding is in agreement with the study conducted by
Salta & Taougraki (2004) in that 11" grade Greek student’s attitudes regarding the interest
of chemistry was neutral or at the medium level. This result can be explained in that the
concepts of chemical bonding taught for high school students are complex and abstract.
Therefore, this finding agreed with the statement proposed by several researchers in that
when science is more advance and far from daily experience, the students may lose
interest in it (Aiken; & Aiken. 1969: 295; Bybee. 2008: 123; Gardner. 1975: 1).

Nevertheless, to maintain the students’ interest in the subject, Watson
(2000: 57-58) suggested that a variety of practical works may help such as: (1) scientific
investigations, (2) skills training, (3) teacher demonstration to promote students’ discussion,
(4) problem-solving activities, (5) heuristic practical activities that encourage accurate
observation and description, make phenomena more real, and promote a logical thinking
among students. In addition, Nakhleh; Polles; & Malina (2002: 87) stated that students are
interested in investigating questions if these are related to their life outside of a chemistry

course such as UV blocking agents in suntan lotions or eyeglasses.

8.4.4 The Usefulness of Chemistry for Further Career

Students’ attitudes towards chemistry concerning the usefulness of
chemistry course for further career were at the medium level. This finding contrasts to the
results of the study done by Salta; & Taougraki (2004) in that 11" grade Greek student’s
attitudes regarding the usefulness of chemistry for further career was negative. In other
word, chemistry was not useful for their future career for this group of the students.

The study done by Simon (2000:110-114) suggested that the students
perceived science as a difficulty subject; and, the students thought that science was only
taken by high achievement student; therefore, this perception had implications for students’
self-image and career choice. Moreover, Fairbrother (2000: 18-19) proposed that the
teacher should discuss the intrinsic purpose of learning which plays an important role in

learning science. The teacher should encourage students concerning the advantages of
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learning science including: (1) clarifying why you are learning science and all the
implications of science in our lives; and (2) recognizing that learning science has many

positive advantages such as in having a greater choice of career.

9. Recommendations

The contribution of the research findings on developing and implementing the
learning units incorporated with elicitation strategy should be considered as part of the

implementation process. To utilize these findings, several recommendations are proposed.

9.1 Recommendations for Classroom Practice

The results of this study suggested the need for a chemistry teacher to
change their traditional classroom practice taking account of the following issues.

1. The teacher should allow more time for the students to make their ideas
explicit. Learning with understanding will occur when the students have enough time to
make their ideas explicit and also test out new ways of thinking. If there is insufficient time
in the learning process, the students will want to be told only the right answer aligned with
the final exam but they will not value their current understanding or thinking.

2. The teachers should create a friendly environment during chemistry
instruction. From the classroom observation, when the elicitation strategy was
implemented, the students felt threatened by teachers and they are discouraged to express
their ideas because they were afraid of being wrong. Therefore, the friendly environment is
required for students to become actively involved in the learning process. If the students do
not feel threatened by teachers, they may feel freer to discuss their ideas, ask questions, or
explain their ideas to the class; as a result, this chemistry learning will provide more
meaning for the students.

3. Incorporating planned formative assessment should be considered as an
effective way of teaching chemistry. By doing this, Black and Harrison (2000: 35)
suggested that the teacher should choose task or carefully design an elicitation question in

such a way that: (1) the well-structure task will stimulate students’ learning and thinking; (2)
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the benefit from the task of elicitation activity has to be aligned with the learning objectives;
and, (3) the task should be clearly communication to the students.

4. The suggestion from this study concerning how to promote students’
metacognitive ability agreed with Fairbrother (2000: 14) in that it is an important
requirement for a teacher: (1) to tell students directly about a learning strategy; (2) to give
the students opportunities to practice the strategy to solve problems; and (3) to encourage
the students to exchange ideas and experiences about what they have learned and how

they achieved the learning.

9.2 Recommendation for School Administration

Before using the learning units incorporating an elicitation strategy, the
school administrator should make an agreement among chemistry teachers in terms of their
understanding on a role of the teacher in planned formative assessment focusing on action
by giving feedback to the students. Black and Harrison (2000: 32-34) stated that when
formative assessment has been emphasized, it found that students fear of assessment from
their experiences of summative assessment; therefore, giving feedback to individual
students should focus on the particular quality of the work, and include the advice on what
the student can do to improve his or her work. Black and Harrison (2000: 32-34) also
emphasized that the teacher should avoid the comparisons among the students because it
causes negative impact of assessment. That is, if the teacher emphasizes the competition
rather than the personal improvement, the feedback from teacher will cause those students
with low attainment not to learn and to become unmotivated. School administrators need to
be awareness of the recommendations on professional development and supportive of such
in-service training for teachers. This is important if teachers are to acquire the knowledge

and skills to be successful in incorporating such strategies into their teaching.

9.3 Recommendations for Professional Development
The findings of this study can be useful for a professional development

program. The teacher should be trained for effective use of the learning units incorporated
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with an elicitation strategy. Particularly, the role of the teachers in carrying out formative
assessment in a way for: (1) making students’ ideas explicit by using the elicitation activity;
(2) interpreting the students’ ideas by following the science criterion; and, (3) taking action
by giving the feedback to the students must intensively be well understand. Moreover, the
teacher should know how to give good feedback to the individual and to the whole class.
This process needs experienced teachers and also the teacher must be competent in the
content areas; otherwise, this will contribute to serious mistakes and cause unexpected

outcome in chemistry learning.

9.4 Recommendations for Curriculum Developers

Curricular materials should be designed in anticipation and acceptance of
the fact that the development of the scientific concepts requires an extended period of time
because this process will not occur suddenly among students. There is need for time for
students to develop their level of understanding of important scientific concepts. Also, it
must be recognized that the chemical bonding concepts are abstract and complex;
therefore, the students need more learning materials and more learning strategies in order
to accomplish this topic. The elicitation strategy as a part of planned formative assessment
should be adopted and applied in a wide range of chemistry concepts to promote students’
understanding and also improve students’ knowing how to learn and how to deal with their
own learning (metacognitive knowledge and metacognitive control).

Nonetheless, the improvement of students’ science process skills as a
result of experiencing this learning unit is still problematic and leaves something to be
desired still; therefore, the curriculum developers should designed more hand-on activities
which are relevant to the chemical bonding concepts. According to Harrison and his
colleagues (2000: 184), the learning units should involve a variety of learning activities for
the students to carry out scientific investigations and develop procedural understanding in

various contexts.
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9.5 Recommendations for Further Study

From the findings of this study, incorporating the elicitation strategy as a
planned formative assessment into the instruction was able to enhance student’s
conceptual development and metacognitive ability regarding to the chemical bonding
concept. Further research could be conducted which relates to:

1. Developing an elicitation activity for other science content topics.
Several areas in chemistry such as equilibrium, acid-base, and electrochemistry are
considered by many students as conceptually difficult topics. Students could easily develop
alternative conception related to those concepts. Therefore, the elicitation activity should be
developed for incorporating into these areas and their related concepts to ensure that
students avoid developing any alternative concepts.

2. Developing the metacognitive inventory for other science content topics.
In this study, the metacognitive inventory concerning the chemical bonding concepst have
been developed. The guidelines for developing the test items and the scoring criteria were
also generated and reported. These can be useful for any further studies which focus on
metacognitive assessment. In order to examine the metacognitive ability related to other
science content, the inventory should be developed based on the guidelines. Any
correlations between the metacognitive ability and the learning achievement should be
analyzed to test if it provides support for the research claim that metacognitive ability

relates to students’ learning.
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TABLE 29 THE RESULTS OF EVALUATION ON APPROPRIATENESS OF THE
TEACHER GUIDE BOOK ACCORDING TO THE EXPERTS’ OPINION

Experts 10C Level of

No. Domain consideration items
1 2 3 Mean | S.D. | appropriateness

Learning objectives are suitable for the
1 4 4 4 4.00 | 0.00 High
learning process

Concept flow is clear enough to be a scope
2 4 4 4 4.00 | 0.00 High
to develop the learning unit

Learning activities are suitable for the
3 learning model which incorporated elicitation | 4 4 4 4.00 0.00 High
strategy

Learning assessment is suitable for the
4 5 4 4 4.33 | 0.58 High
learning activity

Learning unit 1: lesson plan 1

Learning activities are suitable for the
1 learning units which incorporated elicitation 4 4 4 4.00 0.00 High
strategy

Learning content and activity are suitable
2 5 4 4 433 | 0.58 High
for the cognitive level of learners

Learning activities are suitable for the
3 4 4 4 4.00 | 0.00 High
learning objective

Learning content and activity are suitable
4 4 4 | 4 4.00 | 0.00 High
for the time using

Learning content and activity reflect the
5 learning model which incorporated elicitation | 5 4 4 4.33 0.58 High
strategy

Learning assessment is suitable for the
6 51 4 4 4.33 | 0.58 High
learning activity

Learning assessment covers the learning
7 51| 4 4 4.33 | 0.58 High
objectives

Learning unit 2: lesson plan 1

Learning activities are suitable for the
1 learning units which incorporated elicitation 4 4 4 4.00 0.00 High
strategy

Learning content and activity are suitable
2 4 4 4 4.00 | 0.00 High
for the cognitive level of learners
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Experts 10C Level of
No. Domain consideration items
2 Mean | S.D. | appropriateness
Learning unit 2: lesson plan 1 (Continued)
Learning activities are suitable for the
3 4 4.33 | 0.58 High
learning objective
Learning content and activity are suitable
4 4 4.00 | 0.00 High
for the time using
Learning content and activity reflect the
5 learning model which incorporated elicitation 4 4.00 0.00 High
strategy
Learning assessment is suitable for the
6 4 4.33 | 0.58 High
learning activity
Learning assessment covers the learning
7 4 4.33 | 0.58 High
objectives
Learning unit 2: lesson plan 2
Learning activities are suitable for the
1 learning units which incorporated elicitation 4 4.33 | 0.58 High
strategy
Learning content and activity are suitable
2 4 4.00 | 0.00 High
for the cognitive level of learners
Learning activities are suitable for the
3 4 4.00 | 0.00 High
learning objective
Learning content and activity are suitable
4 4 4.00 | 0.00 High
for the time using
Learning content and activity reflect the
5 learning model which incorporated elicitation 4 4.00 0.00 High
strategy
Learning assessment is suitable for the
6 4 4.00 | 0.00 High
learning activity
Learning assessment covers the learning
7 4 4.33 | 0.58 High
objectives
Learning unit 3: lesson plan 1
Learning activities are suitable for the
1 learning units which incorporated elicitation 4 4.33 0.58 High
strategy
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Experts 10C Level of
No. Domain consideration items
2 Mean | S.D. | appropriateness
Learning unit 3: lesson plan 1 (Continued)
Learning content and activity are suitable
2 4 4.33 | 0.58 High
for the cognitive level of learners
Learning activities are suitable for the
3 4 4.33 | 0.58 High
learning objective
Learning content and activity are suitable
4 4 4.00 | 0.00 High
for the time using
Learning content and activity reflect the
5 learning model which incorporated elicitation 4 4.33 0.58 High
strategy
Learning assessment is suitable for the
6 4 4.33 | 0.58 High
learning activity
Learning assessment covers the learning
7 4 4.33 | 0.58 High
objectives
Learning unit 3: lesson plan 2
Learning activities are suitable for the
1 learning units which incorporated elicitation 4 4.00 0.00 High
strategy
Learning content and activity are suitable
2 4 4.33 | 0.58 High
for the cognitive level of learners
Learning activities are suitable for the ]
3 3 3.67 | 0.58 High
learning objective
Learning content and activity are suitable
4 4 4.00 | 0.00 High
for the time using
Learning content and activity reflect the
5 learning model which incorporated elicitation 4 4.33 0.58 High
strategy
Learning assessment is suitable for the
6 4 4.33 | 0.58 High
learning activity
Learning assessment covers the learning
7 4 4.33 | 0.58 High
objectives
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Experts 10C Level of
No. Domain consideration items
2 Mean | S.D. | appropriateness
Learning unit 3: lesson plan 3
Learning activities are suitable for the
1 learning units which incorporated elicitation 4 4.00 0.00 High
strategy
Learning content and activity are suitable
2 4 4.00 | 0.00 High
for the cognitive level of learners
Learning activities are suitable for the
3 4 4.00 | 0.00 High
learning objective
Learning content and activity are suitable
4 4 4.00 | 0.00 High
for the time using
Learning content and activity reflect the
5 learning model which incorporated elicitation 4 4.33 0.58 High
strategy
Learning assessment is suitable for the
6 4 4.00 | 0.00 High
learning activity
Learning assessment covers the learning
7 4 4.33 | 0.58 High
objectives
Learning unit 4: lesson plan 1
Learning activities are suitable for the
1 learning units which incorporated elicitation 3 3.67 0.58 High
strategy
Learning content and activity are suitable
2 4 4.33 | 0.58 High
for the cognitive level of learners
Learning activities are suitable for the
3 4 4.00 | 0.00 High
learning objective
Learning content and activity are suitable
4 3 3.67 | 0.58 High
for the time using
Learning content and activity reflect the
5 learning model which incorporated elicitation 4 4.33 0.58 High
strategy
Learning assessment is suitable for the ]
6 3 4.00 | 1.00 High
learning activity
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No.

Domain consideration items

Experts

10C Level of

1 2

Mean | S.D. | appropriateness

Learning unit 4: lesson plan 1 (Continued)

Learning assessment covers the learning

objectives

433 | 0.58 High

Overall

The quality level of Teacher’s Guide Book

in overall

4.00 | 1.00 High
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TABLE 30 THE RESULTS OF EVALUATION ON APPROPRIATENESS OF THE
STUDENT BOOK ACCORDING TO THE EXPERTS’ OPINION

Experts 10C Level of

No. Domain consideration items
1 2 3 Mean | S.D. | appropriateness

Chapter 1: Interaction between particles

Content aspect

1 The content covers learning objectives 5 4 4 4.33 0.58 High
2 The suitability of content order 4 4 4 4.00 0.00 High
3 The correctness of the content 4 4 4 4.00 | 0.00 High

The correspondence between the content
4 4 4 4 4.00 | 0.00 High
and students’ cognitive level

The appropriateness of direction on
5 4 4 4 4.00 | 0.00 High
experiment 1

The suitable question of elicitation activity

6 5 4 1 3.33 | 2.08 Medium
on part 1-1
The suitable question of elicitation activity

7 4 4 4 4.00 | 0.00 High
on part 1-2
The suitable question of elicitation activity

8 4 4 4 4.00 | 0.00 High
on part 1-3

Assessment aspect

1 The suitability of learning assessment 5 4 4 4.33 0.58 High
Learning assessment covers learning

2 4 4 4 4.00 | 0.00 High
objectives

Language Using

1 The correctness of language using 4 4 4 4.00 0.00 High

Time Using

The suitability of time using on the
1 4 4 4 4.00 | 0.00 High
experiment 1

The suitability of time using on elicitation

2 4 4 4 4.00 | 0.00 High
activity
The suitability of time using on elaboration

3 4 4 4 4.00 | 0.00 High
phase

Chapter 2: lonic bonding

Content aspect

1 The content covers learning objectives 4 4 4 4.00 0.00 High

2 The suitability of content order 4 4 4 4.00 0.00 High
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Experts 10C Level of
No. Domain consideration items
2 Mean | S.D. | appropriateness
Chapter 2: lonic bonding (Content aspect)
3 The correctness of the content 4 4.00 | 0.00 High
The correspondence between the content
4 4 4.33 | 0.58 High
and students’ cognitive level
The suitable question of elicitation activity
5 4 4.00 | 0.00 High
on part 2-1
The suitable question of elicitation activity
6 4 4.00 | 0.00 High
on part 2-2
The suitable question of elicitation activity
7 4 4.33 | 0.58 High
on part 2-3
Assessment aspect
1 The suitability of learning assessment 3 3.67 | 0.58 High
Learning assessment covers learning
2 4 4.00 | 0.00 High
objectives
Language Using
1 The correctness of language using 4 4.00 | 0.00 High
Time Using
The suitability of time using on elicitation
1 4 4.00 | 0.00 High
activity
The suitability of time using on elaboration
2 4 4.00 | 0.00 High
phase
Chapter 3: Properties of ionic substances
Content aspect
1 The content covers learning objectives 4 4.33 0.58 High
2 The suitability of content order 4 4.33 0.58 High
3 The correctness of the content 4 4.00 | 0.00 High
The correspondence between the content
4 4 4.00 | 0.00 High
and students’ cognitive level
The appropriateness of direction on
5 4 4.00 | 0.00 High
experiment 2
The appropriateness of direction on
6 4 4.00 | 0.00 High
experiment 3
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Experts 10C Level of
No. Domain consideration items
1 2 Mean | S.D. | appropriateness
Chapter 3: Properties of ionic substances (Content aspect)
The suitable question of elicitation activity
7 5 4 4.33 | 0.58 High
on part 3-1
The suitable question of elicitation activity
8 4 4 4.00 | 0.00 High
on part 3-2
The suitable question of elicitation activity
9 4 4 4.00 | 0.00 High
on part 3-3
Assessment aspect
1 The suitability of learning assessment 4 4 4.00 0.00 High
Learning assessment covers learning
2 4 4 4.00 | 0.00 High
objectives
Language Using
1 The correctness of language using 4 4 3.67 0.58 High
Time Using
1 The suitability of doing the experiment 2 4 3 3.67 | 0.58 High
2 The suitability of doing the experiment 3 4 3 3.67 | 0.58 High
The suitability of time using on elicitation
3 4 3 3.67 | 0.58 High
activity
The suitability of time using on elaboration
4 4 3 3.67 | 0.58 High
phase
Chapter 4: Covalent bonding
Content aspect
1 The content covers learning objectives 5 4 4.33 0.58 High
2 The suitability of content order 5 4 4.33 0.58 High
3 The correctness of the content 4 4 4.00 | 0.00 High
The correspondence between the content
4 5 4 4.33 | 0.58 High
and students’ cognitive level
The suitable question of elicitation activity
5 4 4 4.00 | 0.00 High
on part 4-1
The suitable question of elicitation activity
6 5 4 4.33 | 0.58 High
on part 4-2
The suitable question of elicitation activity
7 5 4 4.33 | 0.58 High
on part 4-3
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Experts 10C Level of
No. Domain consideration items
2 Mean | S.D. | appropriateness
Chapter 4: Covalent bonding (Continued)
Assessment aspect
1 The suitability of learning assessment 4 4.00 0.00 High
Learning assessment covers learning
2 4 4.00 | 0.00 High
objectives
Language Using
1 The correctness of language using 4 3.67 0.58 High
Time Using
The suitability of time using on elicitation
1 4 4.00 | 0.00 High
activity
The suitability of time using on elaboration
2 4 4.00 | 0.00 High
phase
Chapter 5: Molecular shape
Content aspect
1 The content covers learning objectives 4 4.00 | 0.00 High
2 The suitability of content order 4 4.00 | 0.00 High
3 The correctness of the content 4 4.00 | 0.00 High
The correspondence between the content
4 4 4.00 | 0.00 High
and students’ cognitive level
The appropriateness of direction on
5 4 4.33 | 0.58 High
experiment 4
The suitable question of elicitation activity
6 4 4.00 | 0.00 High
on part 5-1
The suitable question of elicitation activity
7 4 4.00 | 0.00 High
on part 5-2
The suitable question of elicitation activity
8 4 4.33 | 0.58 High
on part 5-3
Assessment aspect
1 The suitability of learning assessment 4 4.00 0.00 High
Learning assessment covers learning
2 4 4.00 | 0.00 High
objectives
Language Using
1 The correctness of language using 4 3.67 0.58 High
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Experts 10C Level of
No. Domain consideration items
2 Mean | S.D. | appropriateness
Chapter 5: Molecular shape (Continued)
Time Using
1 The suitability of doing the experiment 4 4 4.00 0.00 High
The suitability of time using on elicitation
2 4 4.00 | 0.00 High
activity
The suitability of time using on elaboration
3 4 4.00 | 0.00 High
phase
Chapter 6: Intermolecular forces
Content aspect
1 The content covers learning objectives 4 4.33 0.58 High
2 The suitability of content order 4 4.00 0.00 High
3 The correctness of the content 4 4.00 | 0.00 High
The correspondence between the content
4 4 4.33 | 0.58 High
and students’ cognitive level
The suitable question of elicitation activity
5 4 4.33 | 0.58 High
on part 6-1
The suitable question of elicitation activity
6 4 4.00 | 0.00 High
on part 6-2
The suitable question of elicitation activity
7 4 4.00 | 0.00 High
on part 6-3
Assessment aspect
1 The suitability of learning assessment 4 4.00 0.00 High
Learning assessment covers learning
2 4 4.33 | 0.58 High
objectives
Language Using
1 The correctness of language using 4 4.00 0.00 High
Time Using
The suitability of time using on elicitation
1 4 4.00 | 0.00 High
activity
The suitability of time using on elaboration
2 4 4.00 | 0.00 High
phase
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Experts 10C Level of
No. Domain consideration items
2 Mean | S.D. | appropriateness
Chapter 7: Metallic bonding
Content aspect
1 The content covers learning objectives 4 4.33 | 0.58 High
2 The suitability of content order 4 4.00 | 0.00 High
3 The correctness of the content 4 4.00 | 0.00 High
The correspondence between the content
4 4 4.33 | 0.58 High
and students’ cognitive level
The suitable question of elicitation activity
5 4 4.33 | 0.58 High
on part 7-1
The suitable question of elicitation activity
6 4 4.33 | 0.58 High
on part 7-2
The suitable question of elicitation activity
7 4 4.00 | 0.00 High
on part 7-3
Assessment aspect
1 The suitability of learning assessment 4 4.00 | 0.00 High
Learning assessment covers learning
2 4 4.00 | 0.00 High
objectives
Language Using
1 The correctness of language using 4 4.00 0.00 High
Time Using
The suitability of time using on elicitation
1 4 4.00 | 0.00 High
activity
The suitability of time using on elaboration
2 4 4.00 | 0.00 High
phase
Overall
1 The quality level of Student Book in overall 4 4.00 | 0.00 High
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TABLE 31 THE RESULTS OF EVALUATION ON THE CONSISTENCY OF THE
LEARNING UNITS ACCORDING TO THE EXPERTS’ OPINION

Experts 10C
No. Domain consideration items Interpretation
1 2 3 Mean | S.D.

Learning unit 1: lesson plan 1 (Interaction between particles)

Learning objectives consistent to the
1 1 1 1 1.00 | 0.00 Consistent
learning indicators

The content consistent to the learning

2 1 1 1 1.00 | 0.00 Consistent
objectives
Learning activities consistent to learning

3 1 1 1 1.00 | 0.00 Consistent
objectives

Learning activities consistent to the learning
4 1 1 1 1.00 | 0.00 Consistent
model which incorporated elicitation strategy

Learning objectives consistent to learning

5 1 1 1 1.00 0.00 Consistent
assessment
Learning activities consistent to learning

6 1 1 1 1.00 0.00 Consistent
assessment

Learning unit 2: lesson plan 1 (lonic bonding)

Learning objectives consistent to the
1 1 1 1 1.00 | 0.00 Consistent
learning indicators

The content consistent to the learning

2 1 1 1 1.00 | 0.00 Consistent
objectives
Learning activities consistent to learning

3 | 1 1 1.00 | 0.00 Consistent
objectives

Learning activities consistent to the learning
4 1 1 1 1.00 | 0.00 Consistent
model which incorporated elicitation strategy

Learning objectives consistent to learning

5 1 1 1 1.00 0.00 Consistent
assessment
Learning activities consistent to learning

6 1 1 1 1.00 0.00 Consistent
assessment

Learning unit 2: lesson plan 2 (Properties of ionic substance)

Learning objectives consistent to the
1 1 1 1 1.00 | 0.00 Consistent
learning indicators

The content consistent to the learning
2 1 1 1 1.00 | 0.00 Consistent
objectives
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Experts 10C
No. Domain consideration items Interpretation
1 2 3 Mean | S.D.
Learning unit 2: lesson plan 2 (Properties of ionic substance) (Continued)
Learning activities consistent to learning
3 1 1 1 1.00 | 0.00 Consistent
objectives
Learning activities consistent to the learning
4 1 1 1 1.00 | 0.00 Consistent
model which incorporated elicitation strategy
Learning objectives consistent to learning
5 1 1 1 1.00 | 0.00 Consistent
assessment
Learning activities consistent to learning
6 1 1 1 1.00 | 0.00 Consistent
assessment
Learning unit 3: lesson plan 1 (Covalent bonding)
Learning objectives consistent to the
1 1 1 1 1.00 | 0.00 Consistent
learning indicators
The content consistent to the learning
2 1 1 1 1.00 | 0.00 Consistent
objectives
Learning activities consistent to learning
3 1 1 1 1.00 | 0.00 Consistent
objectives
Learning activities consistent to the learning
4 1 1 1 1.00 | 0.00 Consistent
model which incorporated elicitation strategy
Learning objectives consistent to learning
5 1 1 1 1.00 | 0.00 Consistent
assessment
Learning activities consistent to learning
6 1 1 1 1.00 | 0.00 Consistent
assessment
Learning unit 3: lesson plan 2 (Molecular shape)
Learning objectives consistent to the
1 1 1 1 1.00 | 0.00 Consistent
learning indicators
The content consistent to the learning
2 1 1 1 1.00 | 0.00 Consistent
objectives
Learning activities consistent to learning
3 1 1 1 1.00 | 0.00 Consistent
objectives
Learning activities consistent to the learning
4 1 1 1 1.00 | 0.00 Consistent
model which incorporated elicitation strategy
Learning objectives consistent to learning
5 1 1 1 1.00 | 0.00 Consistent
assessment
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Experts 10C
No. Domain consideration items Interpretation
1 2 Mean | S.D.
Learning unit 3: lesson plan 2 (Molecular shape) (Continued)
Learning activities consistent to learning
6 1 1 1.00 | 0.00 Consistent
assessment
Learning unit 3: lesson plan 3 (Intermolecular forces)
Learning objectives consistent to the
1 1 1 1.00 | 0.00 Consistent
learning indicators
The content consistent to the learning
2 1 1 1.00 | 0.00 Consistent
objectives
Learning activities consistent to learning
3 1 1 1.00 | 0.00 Consistent
objectives
Learning activities consistent to the learning
4 1 1 1.00 | 0.00 Consistent
model which incorporated elicitation strategy
Learning objectives consistent to learning
5 1 1 1.00 | 0.00 Consistent
assessment
Learning activities consistent to learning
6 1 1 1.00 | 0.00 Consistent
assessment
Learning unit 4: lesson plan 1 (Metallic bonding)
Learning objectives consistent to the
1 1 1 1.00 | 0.00 Consistent
learning indicators
The content consistent to the learning
2 1 1 1.00 | 0.00 Consistent
objectives
Learning activities consistent to learning
3 1 1 1.00 | 0.00 Consistent
objectives
Learning activities consistent to the learning
4 1 1 1.00 | 0.00 Consistent
model which incorporated elicitation strategy
Learning objectives consistent to learning
5 1 1 1.00 | 0.00 Consistent
assessment
Learning activities consistent to learning
6 1 1 1.00 | 0.00 Consistent
assessment




APPENDIX C

Results on the Assessment of the Research Instruments



TABLE 32 THE RESULTS OF EVALUATION ON CONTENT VALIDITY OF THE

CHEMICAL BONDING CONCEPTION TEST
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Experts (N=5) 10C
No. Domain consideration items Results
2 3 4 5 | Mean | S.D.
Iltem 1
The consistency between item
1 1 0|1 1 0.40 0.89 | Disapproval*
objective and item question
The correctness of clearly
2 1 0 1 -1 0.40 0.89 | Disapproval*
communicated language
The correctness of ways to answer the
3 1 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 1 1 1 0.80 0.45 Approval
The suitability of students’ conception
5 1 1 1 1 0.80 0.45 Approval
judgments
ltem 2
The consistency between item
1 1 1 1 1 1.00 0.00 Approval
objective and item question
The correctness of clearly
2 1 0 1 1 0.80 0.45 Approval
communicated language
The correctness of ways to answer the
3 1 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 1 1 1 1.00 0.00 Approval
The suitability of students’ conception
5 1 1 1 1 1.00 0.00 Approval
judgments
ltem 3
The consistency between item
1 1 1 1 1 1.00 0.00 Approval
objective and item question
The correctness of clearly
2 1 1 1 1 1.00 0.00 Approval
communicated language
The correctness of ways to answer the
3 1 1 1 0 0.80 0.45 Approval
question
4 The suitability of scoring criteria 1 1 1 1 1.00 0.00 Approval
The suitability of students’ conception
5 1 1 1 1 1.00 0.00 Approval
judgments
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Experts (N=5) 10C
No. Domain consideration items Results
2 3 4 Mean S.D.
ltem 4
The consistency between item
1 1 1 1 1.00 0.00 Approval
objective and item question
The correctness of clearly
2 1 1 1 0.80 0.45 Approval
communicated language
The correctness of ways to answer the
3 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 1 1 1.00 0.00 Approval
The suitability of students’ conception
5 1 1 1 1.00 0.00 Approval
judgments
ltem 5
The consistency between item
1 1 1 1 1.00 0.00 Approval
objective and item question
The correctness of clearly
2 1 0 1 0.80 0.45 Approval
communicated language
The correctness of ways to answer the
3 1 0 1 0.80 0.45 Approval
question
4 The suitability of scoring criteria 1 1 1 1.00 0.00 Approval
The suitability of students’ conception
5 0 0 1 0.60 0.55 Approval
judgments
ltem 6
The consistency between item
1 1 1 1 1.00 0.00 Approval
objective and item question
The correctness of clearly
2 1 0 1 0.80 0.45 Approval
communicated language
The correctness of ways to answer the
3 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 1 1 0.60 0.55 Approval
The suitability of students’ conception
5 1 1 1 0.80 0.45 Approval
judgments
ltem 7
The consistency between item
1 1 1 1 1.00 0.00 Approval
objective and item question
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Experts (N=5) 10C
No. Domain consideration items Results
2 3 4 Mean S.D.
ltem 7
The correctness of clearly
2 1 1 1 1.00 0.00 Approval
communicated language
The correctness of ways to answer the
3 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 -1 1 0.60 0.89 Approval
The suitability of students’ conception
5 1 1 1 1.00 0.00 Approval
judgments
ltem 8
The consistency between item
1 1 1 1 1.00 0.00 Approval
objective and item question
The correctness of clearly
2 1 0 1 0.80 0.45 Approval
communicated language
The correctness of ways to answer the
3 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 0 1 0.80 0.45 Approval
The suitability of students’ conception
5 1 0 1 0.80 0.45 Approval
judgments
ltem 9
The consistency between item
1 1 1 1 1.00 0.00 Approval
objective and item question
The correctness of clearly
2 1 1 1 0.80 0.45 Approval
communicated language
The correctness of ways to answer the
3 1 -1 1 0.40 0.89 | Disapproval*
question
4 The suitability of scoring criteria 1 1 1 0.60 0.55 Approval
The suitability of students’ conception
5 1 0 1 0.80 0.45 Approval
judgments
Iltem 10
The consistency between item
1 1 1 1 1.00 0.00 Approval
objective and item question
The correctness of clearly
2 1 1 1 1.00 0.00 Approval
communicated language
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Experts (N=5) 10C
No. Domain consideration items Results
2 3 4 5 | Mean | S.D.
Iltem 10
The correctness of ways to answer the
3 1 0 1 1 0.80 0.45 Approval
question
4 The suitability of scoring criteria 1 1 1 1 1.00 0.00 Approval
The suitability of students’ conception
5 1 1 1 1 1.00 0.00 Approval
judgments
ltem 11
The consistency between item
1 1 1 1 1 1.00 0.00 Approval
objective and item question
The correctness of clearly
2 1 -1 1 1 0.60 0.89 Approval
communicated language
The correctness of ways to answer the
3 1 -1 1 1 0.60 0.89 Approval
question
4 The suitability of scoring criteria 1 1 1 1 1.00 0.00 Approval
The suitability of students’ conception
5 1 0 1 1 0.80 0.45 Approval
judgments
ltem 12
The consistency between item
1 1 0 1 1 0.80 0.45 Approval
objective and item question
The correctness of clearly
2 1 0 1 1 0.80 0.45 Approval
communicated language
The correctness of ways to answer the
3 1 1 1 -1 0.60 0.89 Approval
question
4 The suitability of scoring criteria 1 1 1 1 1.00 0.00 Approval
The suitability of students’ conception
5 1 1 1 -1 0.60 0.89 Approval
judgments

(*) was revised before being used



TABLE 33 THE RESULTS OF EVALUATION ON FACE VALIDITY OF THE

METACOGNITIVE INVENTORY
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Experts (N=3) 10C
No. Domain consideration items Approval
1 2 3 Mean S.D.
Item 1.1 (Cognition: understand level)
The consistency between item objective and
1 1 1 1 1.00 0.00 Approval
item question
The correctness of clearly communicated
2 1 1 1 1.00 0.00 Approval
language
The correctness of ways to answer the
3 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 1 1 1.00 0.00 Approval
Iltem 1.2 (Declarative knowledge)
The consistency between item objective and
1 1 1 1 1.00 0.00 Approval
item question
The correctness of clearly communicated
2 1 1 1 1.00 0.00 Approval
language
The correctness of ways to answer the
3 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 1 1 1.00 0.00 Approval
Iltem 1.3 (Procedural knowledge)
The consistency between item objective and
1 1 1 i 1.00 0.00 Approval
item question
The correctness of clearly communicated
2 1 1 1 1.00 0.00 Approval
language
The correctness of ways to answer the
3 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 1 1 1.00 0.00 Approval
Item 1.4 (Conditional knowledge)
The consistency between item objective and
1 1 1 1 1.00 0.00 Approval
item question
The correctness of clearly communicated
2 1 1 1 1.00 0.00 Approval
language
The correctness of ways to answer the
3 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 1 1 1.00 0.00 Approval
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Experts (N=3) 10C
No. Domain consideration items Approval
1 2 3 Mean S.D.
Item 2.1 (Procedural knowledge)
The consistency between item objective and
1 1 1 1 1.00 0.00 Approval
item question
The correctness of clearly communicated
2 1 1 1 1.00 0.00 Approval
language
The correctness of ways to answer the
3 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 1 1 1.00 0.00 Approval
Iltem 2.2 (Declarative knowledge)
The consistency between item objective and
1 1 1 1 1.00 0.00 Approval
item question
The correctness of clearly communicated
2 1 1 1 1.00 0.00 Approval
language
The correctness of ways to answer the
3 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 1 1 1.00 0.00 Approval
Item 2.3 (Conditional knowledge)
The consistency between item objective and
1 1 1 1 1.00 0.00 Approval
item question
The correctness of clearly communicated
2 1 1 1 1.00 0.00 Approval
language
The correctness of ways to answer the
3 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 1 1 1.00 0.00 Approval
Item 3.1 (Planning)
The consistency between item objective and
1 1 1 1 1.00 0.00 Approval
item question
The correctness of clearly communicated
2 1 1 1 1.00 0.00 Approval
language
The correctness of ways to answer the
3 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 0 1 0.67 0.58 Approval
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Experts (N=3) 10C
No. Domain consideration items Approval
1 2 3 Mean S.D.
Item 3.2 (Planning and Monitoring)
The consistency between item objective and
1 1 1 1 1.00 0.00 Approval
item question
The correctness of clearly communicated
2 1 1 1 1.00 0.00 Approval
language
The correctness of ways to answer the
3 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 1 1 1.00 0.00 Approval
Iltem 3.3 (Evaluating)
The consistency between item objective and
1 1 1 1 1.00 0.00 Approval
item question
The correctness of clearly communicated
2 1 1 1 1.00 0.00 Approval
language
The correctness of ways to answer the
3 1 1 1 1.00 0.00 Approval
question
4 The suitability of scoring criteria 1 1 1 1.00 0.00 Approval




TABLE 34 THE RESULT OF RE-TEST QUALITY ON THE SCIENCE PROCESS SKILL
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TEST
ltem p r ltem p r

1 0.76 0.23 16 0.54 0.63
2 0.31 0.20 17 0.44 0.53
3 0.74 0.53 18 0.54 0.53
4 0.51 0.33 19 0.61 0.78
5 0.34 0.33 20 0.54 0.73
6 0.44 0.48 21 0.41 0.23
7 0.45 0.55 22 0.50 0.45
8 0.63 0.55 23 0.56 0.63
9 0.65 0.60 24 0.53 0.55
10 0.44 0.68 25 0.34 0.38
11 0.64 0.63 26 0.43 0.45
12 0.54 0.23 27 0.29 0.23
13 0.31 0.33 28 0.36 0.33
14 0.63 0.65 29 0.38 0.45
15 0.46 0.53 30 0.51 0.38

Cronbach’s alpha reliability was 0.81



TABLE 35 DISCRIMINATION INDEX OF THE CHEMICAL BONDING CONCEPT TEST

ltem r ltem r

1.1 0.68 6.4 0.33
1.2 0.51 7.1 0.67
1.3 0.29 7.2 0.69
2.1 0.72 7.3 0.58
2.2 0.69 8.1 0.62
2.3 0.71 8.2 0.60
3.1 0.34 9.1 0.70
3.2 0.49 9.2 0.20
4.1 0.45 9.3 0.63
4.2 0.40 10.1 0.53
4.3 0.38 10.2 0.42
5.1 0.81 10.3 0.62
5.2 0.95 11.1 0.54
6.1 0.39 11.2 0.44
6.2 0.34 12.1 0.46
6.3 0.48 12.2 0.47

Cronbach’s alpha reliability was .92
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TABLE 36 THE RESULTS OF EVALUATION ON FACE VALIDITY OF THE ATTITUDES

TOWARD CHEMISTRY QUESTIONNAIRE

Experts 10C
Domain consideration items Results
2 Mean | S.D.
The importance of chemistry in daily life
- Without chemistry knowledge, a country development
1 1.00 0.00 | Approval
cannot be possible. (Positive)
- Solving environmental problems cannot be success
1 1.00 0.00 | Approval
without chemistry knowledge. (Positive)
- Environmental problems results from the chemistry
1 1.00 0.00 | Approval
progress. (Negative)
- The progress of chemistry improves the quality of
1 1.00 0.00 | Approval
our lives. (Positive)
- Chemistry knowledge causes various problems to a
0 0.67 | 0.58 | Approval
society. (Negative)
- Environments will be better if no chemistry
1 1.00 0.00 | Approval
knowledge. (Negative)
- Chemistry knowledge helps people to be better the
1 1.00 0.00 | Approval
making decision more safe. (Positive)
- Chemistry knowledge causes the progress on
1 1.00 0.00 | Approval
medical care (Positive)
- The progress of chemistry is responsible for the
0 0.67 | 0.58 | Approval
disease that difficult to be cured. (Negative)
- The progress of chemistry results in increased new
1 1.00 0.00 | Approval
drugs. (Negative)
The easy-difficulty perspective
- Chemistry symbols are too difficult for me.
0 0.67 | 0.58 | Approval
(Negative)
- When solving chemistry problems, | don’t know how
0 0.67 0.58 | Approval
to start. (Negative)
- | solve chemistry problem very easily (Positive) 1 1.00 0.00 | Approval
- | understand the chemistry concepts very easily.
1 1.00 0.00 | Approval
(Positive)
- Meaning of chemistry symbol can be easily to
1 1.00 0.00 | Approval
understand. (Positive)
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Experts 10C
Domain consideration items Results
2 Mean | S.D.
The easy-difficulty perspective (Continued)
- | cannot explain natural phenomenon by using
0 0.33 | 0.58 | Approval*
chemistry knowledge. (Negative)
- | study chemistry without understanding. (Negative) 1 1.00 0.00 | Approval
- Learning chemistry symbol is not difficult to me.
1 1.00 0.00 | Approval
(Positive)
- | can explain the difficulty concepts of chemistry to
1 1.00 0.00 | Approval
my friend. (Positive)
- | found that chemistry is more difficult than my
1 1.00 0.00 | Approval
expectation. (Negative)
The interest of chemistry course
- | like chemistry course more than other courses.
1 1.00 0.00 | Approval
(Positive)
- | am bored during chemistry lessons. (Negative) 1 1.00 | 0.00 | Approval
- | will wake away when my friends are talking about
1 1.00 0.00 | Approval
chemistry. (Negative)
- Chemistry class period should be increased.
1 1.00 0.00 | Approval
(Positive)
- | find that chemistry course very interesting.
1 1.00 0.00 | Approval
(Positive)
- | would like to have fever chemistry lessons.
1 1.00 0.00 | Approval
(Negative)
- If it is possible, | won’t learn chemistry. (Negative) 1 1.00 0.00 | Approval
- | enjoy doing a chemistry experiment. (Positive) 1 1.00 | 0.00 | Approval
- | like science activity which is related to chemistry.
1 1.00 0.00 | Approval
(Positive)
- | won’t choose learning chemistry. (Negative) 1 1.00 | 0.00 *
The usefulness of chemistry course for further career
- | dream to be a chemist. (Positive) 1 1.00 0.00 | Approval
- Chemistry knowledge is necessary for my future
1 1.00 0.00 | Approval
career. (Positive)
- My future career is independent from chemistry
1 1.00 0.00 | Approval
knowledge. (Negative)
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Experts 10C
Domain consideration items Result
2 Mean | S.D.
The usefulness of chemistry course for further career
- If I have to be a teacher, | will be a chemistry
1 1.00 0.00 | Approval
teacher. (Positive)
- Chemistry knowledge is not useful for finding a good
1 1.00 0.00 | Approval
job. (Negative)
- | never think about my future career will be related to
1 1.00 0.00 | Approval
chemistry. (Negative)
- | would like to have a career which is related to
1 1.00 0.00 | Approval
chemistry knowledge. (Positive)
- Being an expert in chemistry will never lose a job.
1 1.00 0.00 | Approval
(Positive)
- Chemistry knowledge is not necessary for my future
1 1.00 | 0.00 | Approval
career. (Negative)
- Admirable career in community is not related to
1 1.00 0.00 | Approval

chemistry. (Negative)

* was cut due to the experts’ suggestion



APPENDIX D

Scores of the students and Frequency Curves



TABLE 37 STUDENTS’ SCORE ON THE CHEMICAL BONDING CONCEPT TEST
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Preparatory Confirmatory Preparatory Confirmatory
No- Post-test Pre-test Post-test No- Post-test Pre-test Post-test
1 32 10 29 19 23.5 10 57
2 33.5 7 38.5 20 34 17.5 475
3 415 21.5 55 21 33.5 7 33.25
4 39 15.5 48.5 22 37.5 11.5 41
5 13.5 11.5 26.5 23 37.5 9 33.5
6 53 17 58.5 24 31.5 10 30
7 43 14 49 25 37 6 28
8 14 6 50.5 26 29 9.5 30.5
9 38 4 36.5 27 39.5 12 34
10 16.5 8 43 28 32.25 17 45
11 53.5 10 39 29 29 7.5 36
12 26.5 9 53.5 30 34 15 42.5
13 40 10 26.5 31 28.5 10.5 33.5
14 37 5 36 32 29 7 26.5
15 23 12.5 35.5 33 30
16 25.5 10 57.5 34 19.75
17 19.5 11 31.5 35 30
18 29.5 8 26.5 36 39

Full score was 65.50

Post-test mean score of preparatory stage was 32.03 (N= 36)

Pre-test mean score of confirmatory stage was 10.61 (N= 32)

Post-test mean score of confirmatory stage was 39.35 (N= 32)
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TABLE 38 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES ON
CHEMICAL BONDING CONCEPTIONS

P(FM) + P(TM) + P(FM) + P(TM) +
Score agvec Score agvec
P(FN) P(TN) P(FN) P(TN)
15 0.12 0.88 0.77 19 0.06 0.94 0.88
16 0.10 0.90 0.80 20* 0.06 0.94 0.88
17 0.09 0.91 0.82 21 0.09 0.91 0.83
18 0.07 0.93 0.85 22 0.09 0.91 0.83

(*) was used as a cutting score

scores on chemical

e L T i
16 - ,"l|__ £ S ——— n Fix bonding conception of the
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12 | _.:_1 e s e ====scores on chemical
: ‘l bonding conception of the

non-master students
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FIGURE 8 FREQUENCY CURVES OF THE CHEMICAL BONDING CONCEPT SCORES
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TABLE 39 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES OF THE

IONIC SUBSTANCE CONCEPTION

PEM) +  P(TM) + PFM) +  P(TM) +
Score dvc Score dvc
P(FN) P(TN) P(FN) P(TN)
5 0.25 0.75 0.54 10 0.15 0.85 0.70
55 0.24 0.76 0.56 10.5 0.13 0.87 0.74
6 0.24 0.76 0.56 11* 0.12 0.88 0.77
6.5 0.22 0.78 0.57 11.5 0.15 0.85 0.72
7 0.22 0.78 0.57 12 0.16 0.84 0.69
7.5 0.18 0.82 0.65 12.5 0.19 0.81 0.64
8 0.16 0.84 0.68 13 0.19 0.81 0.64
8.5 0.15 0.85 0.71 13.5 0.19 0.81 0.66
9 0.16 0.84 0.68 14 0.19 0.81 0.67
9.5 0.16 0.84 0.68 -

(*) Was set as a cutting score for ionic bond formation conception testing

i [T | =ER T | | =——scoreson ionic substance
' conception of the master students
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FIGURE 9 FREQUENCY CURVES OF THE IONIC SUBSTNACE CONCEPTION SCORES
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TABLE 40 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT

DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES ON
COVALENT SUBSTANCE CONCEPTIONS

P(FM) + P(TM) + P(FM) + P(TM) +
Score agvec Score agvec
P(FN) P(TN) P(FN) P(TN)
5 0.12 0.88 0.78 8 0.06 0.94 0.89
5.5 0.10 0.90 0.80 8.5 0.06 0.94 0.89
6 0.13 0.87 0.74 9* 0.06 0.94 0.89
6.5 0.07 0.93 0.85 9.5 0.09 0.91 0.84
7 0.06 0.94 0.88 10 0.15 0.85 0.74

75 0.06 0.94 0.88 k

(*) was set as a cutting score for covalent substance testing
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FIGURE 10 FREQUENCY CURVES OF THE COVALENT SUBSTANCE SCORES
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TABLE 41 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES OF THE

METAL CONCEPTION

P(FM) + P(TM) + P(FM) + P(TM) +
Score agvec Score agvec
P(FN) P(TN) P(FN) P(TN)
2 0.34 0.66 0.32 4 0.37 0.63 0.34
2.5* 0.29 0.71 0.42 4.5 0.37 0.63 0.41
3 0.31 0.69 0.39 5 0.38 0.62 0.39
3.5 0.37 0.63 0.34

(*) Was set as a cutting score for metal conception

(TP T BV (=] | U] S L E 1 [ | | —e——ccoreson metal conception of
| the master students
EEETENEF L
FInk === scores on metal conception of
[ A |
T ap [ | ] !" i :“_ _t [ I 1 I ' the non-master students
! [ *

Frequency

Score

FIGURE 11 FREQUENCY CURVES OF THE METAL CONCEPTION SCORES
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TABLE 42 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT

DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES OF THE
IONIC BOND FORMATION CONCEPTION

P(FM) + P(TM) + P(FM) + P(TM) +
Score agvec Score agvec
P(FN) P(TN) P(FN) P(TN)
1.3 0.18 0.82 0.66 1.8 0.18 0.82 0.66
1.4 0.18 0.82 0.66 1.9 0.18 0.82 0.66
1.5 0.18 0.82 0.66 2 0.18 0.82 0.66
1.6 0.18 0.82 0.66 2.1 0.29 0.71 0.44
1.7* 0.18 0.82 0.66 2.2 0.29 0.71 0.44

(*) Was set as a cutting score for ionic bond formation conception

Frequency

conception of the master

students

scores on ionic bond formation

= SCOMES ON ionic bond formation

conception of the non-master

students

FIGURE 12 FREQUENCY CURVES OF THE IONIC BOND FORMATION SCORES
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TABLE 43 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES OF THE

ELECTRON CONFIGURATION CONCEPTION

Score P(FM) + P(FN) P(TM) + P(TN) @ve
1.4 0.22 0.78 0.56
15 0.22 0.78 0.56
1.6 0.21 0.79 0.59
1.7 0.21 0.79 0.59
1.8 0.21 0.79 0.59
1.9 0.21 0.79 0.59

2 0.21 0.79 0.59
2.1 0.19 0.81 0.62
2.2 0.19 0.81 0.62
2.3 0.19 0.81 0.62

(*) Was set as a cutting score for electron configuration conception

] | = 5cores on elactron configuration
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FIGURE 13 FREQUENCY CURVES OF THE ELECTRON CONFIGURATION SCORES



TABLE 44 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES OF THE

THE IONIC SOLUTION CONCEPTION
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Score P(FM) + P(FN) P(TM) + P(TN) @ve
1.1 0.38 0.62 0.39
1.2 0.38 0.62 0.39
1.3 0.38 0.62 0.39
1.4 0.38 0.62 0.39
1.5* 0.38 0.62 0.39
1.6 0.38 0.62 0.39
1.7 0.38 0.62 0.39
1.8 0.38 0.62 0.39
1.9 0.38 0.62 0.39

2 0.38 0.62 0.39
2.1 0.46 0.54 0.27
2.2 0.46 0.54 0.27
2.3 0.46 0.54 0.27

(*) Was set as a cutting score for the ionic solution conception
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TABLE 45 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES OF THE

CONDUCTIVITY OF IONIC SUBSTANCES CONCEPTION
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Score P(FM) + P(FN) P(TM) + P(TN) @ve
1.9 0.31 0.69 0.38
2 0.31 0.69 0.38
2.1 0.21 0.79 0.60
2.2 0.21 0.79 0.60
2.3 0.21 0.79 0.60
2.4 0.21 0.79 0.60
2.5% 0.21 0.79 0.60
2.6 0.21 0.79 0.60
2.7 0.21 0.79 0.60
2.8 0.21 0.79 0.60
2.9 0.21 0.79 0.60

(*) Was set as a cutting score for conductivity of the ionic substances

Frequency

Score

substance conception of the non-

master students

b scores on conductivity of ionic
’ substance conception of the
master students
_l === scores on conductivity of ionic

FIGURE 15 FREQUENCY CURVES OF THE CONDUCTIVITY OF IONIC SUBSTANCE



TABLE 46 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES OF THE

OCTET RULE CONCEPTION
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Score P(FM) + P(FN) P(TM) + P(TN) @ve
2.4 0.12 0.88 0.76
2.5 0.12 0.88 0.76
2.6 0.12 0.88 0.76
2.7 0.12 0.88 0.76
2.8 0.12 0.88 0.76
2.9 0.12 0.88 0.76
3* 0.12 0.88 0.76
3.1 0.13 0.87 0.74
3.2 0.13 0.87 0.74
3.3 0.13 0.87 0.74
3.4 0.13 0.87 0.74

(*) Was set as a cutting score for octet rule conception
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FIGURE 16 FREQUENCY CURVES OF THE OCTET RULE CONCEPTION SCORES
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TABLE 47 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT

DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES OF THE

COVALENT BONDING FORMATION

P(FM) +  P(TM) + P(FM) + P(TM) +
Score dvc Score Jvc
P(FN) P(TN) P(FN) P(TN)
1.1 0.37 0.63 0.31 2.6 0.43 0.57 0.28
1.2 0.37 0.63 0.31 2.7 0.43 0.57 0.28
1.3 0.37 0.63 0.31 2.8 0.43 0.57 0.28
1.4 0.37 0.63 0.31 2.9 0.43 0.57 0.28
1.5* 0.37 0.63 0.31 3 0.43 0.57 0.28
1.6 0.38 0.62 0.29 3.1 0.43 0.57 0.28
1.7 0.38 0.62 0.29 3.2 0.43 0.57 0.28
1.8 0.38 0.62 0.29 3.3 0.43 0.57 0.28
1.9 0.38 0.62 0.29 3.4 0.43 0.57 0.28
2 0.38 0.62 0.29 3.5 0.43 0.57 0.28
2.1 0.38 0.62 0.36 3.6 0.44 0.56 0.25
2.2 0.38 0.62 0.36 3.7 0.44 0.56 0.25
2.3 0.38 0.62 0.36 3.8 0.44 0.56 0.25
24 0.38 0.62 0.36 3.9 0.44 0.56 0.25
2.5 0.38 0.62 0.36

(*) Was set as a cutting score for the covalent bonding formation
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FIGURE 17 FREQUENCY CURVES OF THE COVALENT BONDING FORMATION

TABLE 48 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES OF THE

PROPERTY OF WATER CONCEPTION

Score P(FM) + P(FN) P(TM) + P(TN) @ve
2.4* 0.07 0.93 0.85
2.5 0.07 0.93 0.85
2.6 0.09 0.91 0.82
2.7 0.09 0.91 0.82
2.8 0.09 0.91 0.82
2.9 0.09 0.91 0.82

3 0.09 0.91 0.82
3.1 0.09 0.91 0.84
3.2 0.09 0.91 0.84
3.3 0.09 0.91 0.84
3.4 0.09 0.91 0.84

(*) Was set as a cutting score for the property of water conception
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FIGURE 18 FREQUENCY CURVES OF THE PROPERTY OF WATER CONCEPTION

TABLE 49 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT

DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES OF THE

BONDING ENERGY CONCEPTION

Score P(FM) + P(FN) P(TM) + P(TN) Bvc
1.1 0.28 0.72 0.45
1.2 0.28 0.72 0.45
1.3 0.28 0.72 0.45
1.4 0.28 0.72 0.45
15 0.28 0.72 0.45
1.6 0.28 0.72 0.45
1.7 0.28 0.72 0.45
1.8 0.28 0.72 0.45
1.9 0.28 0.72 0.45

2 0.28 0.72 0.45
2.1 0.18 0.82 0.70
2.2 0.18 0.82 0.70
2.3 0.18 0.82 0.70
2.4* 0.18 0.82 0.70

(*) Was set as a cutting score for the bonding energy conception
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FIGURE 19 FREQUENCY CURVES OF THE BONDING ENERGY CONCEPTION

TABLE 50 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES OF THE

BOND AND MOLECULAR POLARITY

P(FM) + P(TM) + P(FM) + P(TM) +
Score dve Score Jvc
P(FN) P(TN) P(FN) P(TN)
0.1 0.24 0.76 0.53 0.8 0.26 0.74 0.48
0.2 0.24 0.76 0.53 0.9 0.26 0.74 0.48
0.3 0.25 0.75 0.50 1 0.26 0.74 0.48
0.4 0.25 0.75 0.50 1.1 0.26 0.74 0.57
0.5 0.25 0.75 0.50 1.2 0.26 0.74 0.57
0.6 0.26 0.74 0.48 1.3 0.26 0.74 0.57
0.7 0.26 0.74 0.48 1.4* 0.26 0.74 0.57

(*) Was set as a cutting score for the bond and molecular polarity
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FIGURE 20 FREQUENCY CURVES OF THE BOND AND MOLECULAR POLARITY

TABLE 51 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT

DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES OF THE

INTERMOLECULAR FORCE

Score P(FM) + P(FN) P(TM) + P(TN) @ve
1.1 0.24 0.76 0.57
1.2 0.24 0.76 0.57
1.3 0.24 0.76 0.57
1.4 0.24 0.76 0.57
15 0.24 0.76 0.57
1.6* 0.24 0.76 0.57
1.7 0.24 0.76 0.57
1.8 0.24 0.76 0.57
1.9 0.24 0.76 0.57

2 0.24 0.76 0.57
2.1 0.29 0.71 0.52
2.2 0.29 0.71 0.52
2.3 0.29 0.71 0.52

(*) Was set as a cutting score for the intermolecular force
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FIGURE 21 FREQUENCY CURVES OF THE INTERMOLECULAR FORCE CONCEPTION

TABLE 52 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES OF THE

METAL MODEL

Score P(FM) + P(FN) P(TM) + P(TN) @vc
0.1 0.25 0.75 0.59
0.2 0.25 0.75 0.59
0.3 0.25 0.75 0.59
0.4* 0.25 0.75 0.59
0.5 0.25 0.75 0.59
0.6 0.26 0.74 0.57
0.7 0.26 0.74 0.57
0.8 0.26 0.74 0.57
0.9 0.26 0.74 0.57

1 0.26 0.74 0.57
1.1 0.32 0.68 0.48
1.2 0.32 0.68 0.48
1.3 0.32 0.68 0.48

(*) Was set as a cutting score for the metal model
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FIGURE 22 FREQUENCY CURVES OF THE METAL MODEL CONCEPTION SCORES

TABLE 53 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES OF THE

PHYSICAL PROPERTY OF METAL

Score P(FM) + P(FN) P(TM) + P(TN) @ve
1.1 0.38 0.62 0.24
1.2 0.38 0.62 0.24
1.3 0.38 0.62 0.24
1.4 0.38 0.62 0.24
15 0.38 0.62 0.24
1.6 0.38 0.62 0.24
1.7 0.38 0.62 0.24
1.8* 0.38 0.62 0.24
1.9 0.38 0.62 0.24

2 0.38 0.62 0.24
2.1 0.41 0.59 0.20
2.2 0.41 0.59 0.20
2.3 0.41 0.59 0.20

(*) Was set as a cutting score for the physical property of metal
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TABLE 54 STUDENTS’ SCORE ON THE METACOGNITIVE INVENTORY
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Preparatory Confirmatory Preparatory Confirmatory
No- Post-test Pre-test Post-test No- Post-test Pre-test Post-test
1 6 6 12 19 13 2 11
2 12 3 17 20 17 3 11
3 13 6 21 21 13 2 13
4 17 4 14 22 18 4 9
5 5 5 10 23 15 9 14
6 11 5 12 24 14 6 14
7 17 1 17 25 14 3 14
8 8 2 18 26 17 8 12
9 18 3 13 27 13 7 13
10 14 8 14 28 11 3 15
11 19 9 12 29 9 7 13
12 18 5 14 30 10 8 14
13 15 4 9 31 14 6 13
14 12 2 6 32 12 3 11
15 14 6 17 33 16
16 13 3 12 34 14
17 12 5 14 35 19
18 12 3 12 36 15

Full score was 23

Post-test mean score of preparatory stage was 13.61 (N= 36)

Pre-test mean score of confirmatory stage was 4.72 (N= 32)

Post-test mean score of confirmatory stage was 13.16 (N= 32)



TABLE 55 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT

DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES ON

METACOGNITION

231

Score P(FM) + P(FN) P(TM) + P(TN) @ve
8 0.10 0.90 0.80
9 0.07 0.93 0.85
10* 0.06 0.94 0.89
11 0.07 0.93 0.86
12 0.10 0.90 0.81

(*) Was set as a cutting score for the metacognitive ability
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TABLE 56 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES ON
METACOGNITIVE KNOWLEDGE

Score P(FM) + P(FN) P(TM) + P(TN) @ve
5 0.09 0.91 0.82
5.1 0.09 0.91 0.82
5.2 0.09 0.91 0.82
5.3 0.09 0.91 0.82
5.4 0.09 0.91 0.82
5.5 0.09 0.91 0.82
5.6 0.09 0.91 0.82
5.7 0.09 0.91 0.82
5.8 0.09 0.91 0.82
5.9 0.09 0.91 0.82
6 0.09 0.91 0.82
6.1* 0.09 0.91 0.83
6.2 0.09 0.91 0.83
6.3 0.09 0.91 0.83
6.4 0.09 0.91 0.83

(*) was set as a cutting score for the metacognitive knowledge
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FIGURE 25 FREQUENCY CURVES OF THE METACOGNITIVE KNOWLEDGE SCORES
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TABLE 57 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES ON
METACOGNITIVE CONTROL

P(FM) + P(TM) + P(FM) + P(TM) +
Score agvec Score agvec
P(FN) P(TN) P(FN) P(TN)

3.5* 0.35 0.65 0.30 6 0.50 0.50 0.07

4 0.35 0.65 0.30 6.5 0.49 0.51 0.15

45 0.37 0.63 0.31 7 0.49 0.51 0.15

5 0.37 0.63 0.31 7.5 0.49 0.51 0.20
5.5 0.50 0.50 0.07

(*) was set as a cutting score for the metacognitive control
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FIGURE 26 FREQUENCY CURVES OF THE METACOGNITIVE CONTROL SCORES



TABLE 58 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES ON
DECLARATIVE KNOWLEDGE
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Score P(FM) + P(FN) P(TM) + P(TN) @ve
15 0.09 0.91 0.83
1.6 0.09 0.91 0.83
1.7 0.09 0.91 0.83
1.8* 0.09 0.91 0.83
1.9 0.09 0.91 0.83

2 0.09 0.91 0.83
2.1 0.13 0.87 0.74
2.2 0.13 0.87 0.74
2.3 0.13 0.87 0.74
2.4 0.13 0.87 0.74
2.5 0.13 0.87 0.74
2.6 0.13 0.87 0.74
2.7 0.13 0.87 0.74
2.8 0.13 0.87 0.74
2.9 0.13 0.87 0.74
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FIGURE 27 FREQUENCY CURVES OF THE DECLARATIVE KNOWLEDGE SCORES
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TABLE 59 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES ON
PROCEDURAL KNOWLEDGE

Score P(FM) + P(FN) P(TM) + P(TN) @ve
1.1 0.13 0.87 0.73
1.2 0.13 0.87 0.73
1.3 0.13 0.87 0.73
1.4 0.13 0.87 0.73
15 0.13 0.87 0.73
1.6 0.13 0.87 0.73
1.7 0.13 0.87 0.73
1.8 0.13 0.87 0.73
1.9 0.13 0.87 0.73

2 0.13 0.87 0.73
2.1* 0.12 0.88 0.79
2.2 0.12 0.88 0.79
2.3 0.12 0.88 0.79

(*) was set as a cutting score for the procedural knowledge
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FIGURE 28 FREQUENCY CURVES OF THE PROCEDURAL KNOWLEDGE SCORES
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TABLE 60 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES ON
CONDITIONAL KNOWLEDGE

Score P(FM) + P(FN) P(TM) + P(TN) @ve
0.5 0.16 0.84 0.68
0.6 0.16 0.84 0.68
0.7 0.16 0.84 0.68
0.8* 0.16 0.84 0.68
0.9 0.16 0.84 0.68

1 0.16 0.84 0.68
1.1 0.18 0.82 0.68
1.2 0.18 0.82 0.68
1.3 0.18 0.82 0.68
1.4 0.18 0.82 0.68
15 0.18 0.82 0.68

(*) was set as a cutting score for the conditional knowledge
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FIGURE 29 FREQUENCY CURVES OF THE CONDITIONAL KNOWLEDGE SCORES
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TABLE 61 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES ON THE

PLANNING

Score P(FM) + P(FN) P(TM) + P(TN) @ve
1.3 0.37 0.63 0.26
1.4 0.37 0.63 0.26
15 0.37 0.63 0.26
1.6 0.37 0.63 0.26
1.7 0.37 0.63 0.26
1.8* 0.37 0.63 0.26
1.9 0.37 0.63 0.26

2 0.37 0.63 0.26
2.1 0.38 0.62 0.26
2.2 0.38 0.62 0.26
2.3 0.38 0.62 0.26
2.4 0.38 0.62 0.26

(*) was set as a cutting score for the planning

i SCOres on metacognitive control
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FIGURE 30 FREQUENCY CURVES OF THE PLANNING SCORES
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TABLE 62 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT

DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES ON THE

MONITORING
Score PIEM) * PM) * dvc Score PIEM) * PM) * Jvc
P(FN) P(TN) P(FN) P(TN)
0.1 0.37 0.63 0.32 0.6 0.37 0.63 0.32
0.2 0.37 0.63 0.32 0.7 0.37 0.63 0.32
0.3 0.37 0.63 0.32 0.8 0.37 0.63 0.32
0.4* 0.37 0.63 0.32 0.9 0.37 0.63 0.32
0.5 0.37 0.63 0.32 1 0.37 0.63 0.32

(*) was set as a cutting score for the monitoring

Frequency

FIGURE 31 FREQUENCY CURVES OF THE MONITORING SCORES

Score

— CCOTES 0N Metacognitive control
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TABLE 63 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT

DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES ON THE

EVALUATING
Score PIEM) * PM) * dvc Score PIEM) * PM) * Jvc
P(FN) P(TN) P(FN) P(TN)
0.1 0.46 0.54 0.09 0.6 0.46 0.54 0.09
0.2 0.46 0.54 0.09 0.7 0.46 0.54 0.09
0.3 0.46 0.54 0.09 0.8 0.46 0.54 0.09
0.4 0.46 0.54 0.09 0.9 0.46 0.54 0.09
0.5* 0.46 0.54 0.09 1 0.46 0.54 0.09

(*) was set as a cutting score for the evaluating
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TABLE 64 STUDENTS’ SCORE ON THE INTEGRATED SCIENCE PROCESS SKILLS

Preparatory Confirmatory Preparatory Confirmatory
Ne- Post-test Pre-test Post-test Ne- Post-test Pre-test Post-test
1 24 19 9 19 19 18 19
2 25 17 23 20 24 20 23
3 23 24 26 21 20 12 20
4 23 19 29 22 23 16 24
5 15 14 20 23 22 19 19
6 23 18 21 24 24 10 12
7 23 27 26 25 25 18 20
8 15 23 24 26 20 18 25
9 19 8 16 27 21 7 18
10 19 14 21 28 22 14 24
11 26 16 21 29 21 11 23
12 19 15 26 30 18 24 15
13 22 12 18 31 19 18 22
14 16 18 21 32 20 14 27
15 16 15 14 33 20
16 16 16 19 34 15
17 20 17 9 35 24
18 19 10 23 36 27

Full score was 30.

Post-test mean score of preparatory stage was 20.75 (N= 36).

Pre-test mean score of confirmatory stage was 16.28 (N= 32).

Post-test mean score of confirmatory stage was 20.53 (N= 32).
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TABLE 65 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORES OF THE

ENTIRE INTEGRATED SCIENCE PROCESS SKILLS

P(FM) + P(TM) + P(FM) + P(TM) +
Score dvc Score dvec
P(FN) P(TN) P(FN) P(TN)
12 0.40 0.60 0.30 18.5* 0.22 0.78 0.56
13 0.37 0.63 0.36 19 0.22 0.78 0.56
14 0.37 0.63 0.36 20 0.26 0.74 0.49
15 0.31 0.69 0.47 21 0.32 0.68 0.40
16 0.32 0.68 0.38 22 0.35 0.65 0.35
17 0.32 0.68 0.36 23 0.40 0.60 0.27
18 0.29 0.71 0.41 24 0.46 0.54 0.17

(*) was set as a cutting score for the entire integrated science process skills
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FIGURE 33 FREQUENCY CURVES OF THE ENTIRE SCIENCE PROCESS SKILLS
SCORES
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TABLE 66 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORE OF THE

FIRST ASPECT (DEFINING OPERATION)

Score P(FM) + P(FN) P(TM) + P(TN) @ve
5 0.34 0.66 0.39
6 0.34 0.66 0.33
7 0.31 0.69 0.38
8 0.31 0.69 0.38
9 0.38 0.62 0.26
10 0.41 0.59 0.23
11 0.40 0.60 0.31

(*) was set as a cutting score for the defining operation

Frequency

[=a]

=]

Fa

Score

—cc0rES 0N defining operation
of the master students
=== scores on defining operation

of the non-master students

FIGURE 34 FREQUENCY CURVES OF THE DEFINING OPERATION SCORES
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TABLE 67 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORE OF THE

SECOND ASPECT (FORMULATING HYPOTHESIS)

Score P(FM) + P(FN) P(TM) + P(TN) @ve
4 0.37 0.63 0.33
5* 0.32 0.68 0.37
6 0.41 0.59 0.17
7 0.41 0.59 0.22

(*) was set as a cutting score for the formulating hypothesis

20 15 —scOres on formulating
hypothesis of the master
— |
15 1 students
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FIGURE 35 FREQUENCY CURVES OF THE FORMULATING HYPOTHESIS SCORES
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TABLE 68 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORE OF THE

FORTH ASPECT (OPERATIONALLY DEFINING)

Score P(FM) + P(FN) P(TM) + P(TN) @ve
1 0.46 0.54 0.13
2 0.44 0.56 0.12
3 0.46 0.54 0.07
4 0.49 0.51 0.02
5 0.50 0.50 0.04
6 0.54 0.46 -0.13

(*) was set as a cutting score for the operationally defining

14— . .
— SCOres 0N operationally defining
12 T of the master students
4 == 5cOreson operationally defining
10 ++
of the non-master students
= 8 1 —I
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FIGURE 36 FREQUENCY CURVES OF THE OPERATIONALLY DEFINING SCORES
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TABLE 69 PROBABILITY OF INCORRECT DECISIONS, PROBABILITY OF CORRECT
DECISIONS AND VALIDITY COEFFICIENT FOR POSSIBLE SCORE OF THE

FIFTH ASPECT (DEFINING INVESTAGATION)

Score P(FM) + P(FN) P(TM) + P(TN) @ve
1 0.44 0.56 0.14
1.5* 0.31 0.69 0.39
2 0.31 0.69 0.39

(*) was set as a cutting score for the defining investigation

I T T

i i | i —5cores on desining investigation of
| | | the master students
20 4 === 500res 0N desining investigation of

the non-master students

15 +

Frequency
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FIGURE 37 FREQUENCY CURVES OF THE DESIGNING INVESTIGATION SCORES
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TABLE 70 STUDENTS’ ATTITUDES TOWARD CHEMISTRY POST-TEST SCORE
FROM CONFIRMATORY STAGE (N=32)

Level of attitudes toward chemistry
Statement
Mean S.D. Interpretation
The importance of chemistry in daily life
1. Without chemistry knowledge, a country development
3.94 0.76 High
cannot be possible.
2. Solving environmental problems cannot be success without
3.84 0.99 High
chemistry knowledge.
3. Environmental problems results from the chemistry
4.75 0.44 Very high
progress.
4. The progress of chemistry improves the quality of our lives. 3.66 0.94 High
5. Chemistry knowledge causes various problems to a society. 3.13 1.18 Medium
6. Environments will be better if no chemistry knowledge. 3.97 0.65 High
7. Chemistry knowledge helps people to be better the making
4.47 0.67 High
decision more safe.
8. Chemistry knowledge causes the progress on medical care. 3.41 0.91 Medium
9. The progress of chemistry is responsible for the disease
3.03 0.93 Medium
that difficult to be cured.
10. The progress of chemistry results in increased new drugs. 2.84 1.14 Medium
The easy-difficulty perspective
1. Chemistry symbols are too difficult for me. 3.53 0.92 High
2. When solving chemistry problems, | don’t know how to start. 2.94 0.84 Medium
3. | solve chemistry problem very easily 3.25 0.80 Medium
4. | understand the chemistry concepts very easily. 2.53 0.76 Medium
5. Meaning of chemistry symbol can be easily to understand. 3.75 0.57 High
6. | cannot explain natural phenomenon by using chemistry
2.63 0.79 Medium
knowledge.
7. | study chemistry without understanding. 3.13 0.75 Medium
8. Learning chemistry symbol is not difficult to me. 2.97 0.65 Medium
9. | can explain the difficulty concepts of chemistry to my
3.31 0.86 Medium
friend.
10. | found that chemistry is more difficult than my expectation. 2.72 0.68 Medium
The interest of chemistry course
1. | like chemistry course more than other courses. 3.16 0.63 Medium
2. | am bored during chemistry lessons. 3.66 0.65 High
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TABLE 70 (Continued)

Level of attitudes toward chemistry
Statement
Mean S.D. Interpretation
The interest of chemistry course (Continued)
3. | will wake away when my friends are talking about
4.16 0.72 High
chemistry.
4. Chemistry class period should be increased. 3.53 0.92 High
5. | find that chemistry course very interesting. 3.16 1.08 Medium
6. | would like to have fever chemistry lessons. 4.13 0.75 High
7. If it is possible, | won’t learn chemistry. 2.28 0.92 Low
8. | enjoy doing a chemistry experiment. 4.66 0.48 Very high
9. | like science activity which is related to chemistry. 3.69 0.86 High
The usefulness of chemistry course for further career
1. | dream to be a chemist. 2.59 0.98 Medium
2. Chemistry knowledge is necessary for my future career. 3.75 1.11 High
3. My future career is independent from chemistry knowledge. 3.97 1.18 High
4. If | have to be a teacher, | will be a chemistry teacher. 2.56 1.13 Medium
5. Chemistry knowledge is not useful for finding a good job. 3.31 0.78 Medium
6. | never think about my future career will be related to
2.81 0.86 Medium
chemistry.
7. | would like to have a career which is related to chemistry
3.41 1.04 Medium
knowledge.
8. Being an expert in chemistry will never lose a job. 3.75 0.98 High
9. Chemistry knowledge is not necessary for my future career. 3.53 1.05 High
10. Admirable career in community is not related to chemistry. 3.38 1.13 Medium

Mean of attitudes toward chemistry post-test score from confirmatory stage was 3.42

(N=32).



APPENDIX E

Samples of Assessment Forms and Research Instruments (in Thai)
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APPENDIX F

Samples of the Learning Units (in Thai)
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Letter from the author of the Test of Integrated Process Skills Il (TIPS II)
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Teacher’s opinion toward the learning units incorporated with elicitation strategy
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Teacher’s opinion (continued)
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Sample of students’ responses on the elicitation activity
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Sample of Students’ response on the Elicitation Activity
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Sample of Students’ response on the Elicitation Activity
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Pictures of the learning activity
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Pictures from the preparatory stage
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Pictures from the confirmatory stage
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