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This research had four objectives; 1) to identify science classroom problems by exploration of
teachers’ perception, the data were collected from 36 science teachers selected by stratified random
sampling and simple random sampling using an opened-questionnaire and then analyzed by content
analysis. The results revealed that the students lacked science process skills and had less concermed
about their learning. Additionally, to explore lower secondary school students’ level of science
process skills, the data were collected by using a science process skills test obtained from 426 students
in Bangkok using stratified random sampling and simple random sampling. The results revealed that
level of science process skills among the students were at a overall level of moderate and that
certain integrated science process skills were at low level; 2) in order to develop the metacognitive
strategy embedded in inquiry learning model, which consisted of five phases; engagement-planning
(P)-monitoring (M)-evaluating (E), exploration-P-\M-E, explanation-P-M-E, elaboration-P-M-E, and evaluation;
3) to evaluate the effectiveness of a leaming model on the science process skills, science competencies,
and self-efficacy in science and 4) to find the correlation between the science competencies of students,
science process skills, and self-efficacy in science. The participants consisted of a classroom of thirty-three
seventh grade students selected by purposive sampling. The data were collected in the second
semester of 2017 academic year on the topic of atmosphere and weather. The research instruments
included a science process skills test, a science competencies test, and a self-efficacy in science.
The results revealed the following: 1) students’ posttest scores of the students on science process skills
were not significantly higher than the pretest scores at .05 level; 2) students’ posttest scores of the
overall science competencies were significantly higher than the pretest score at .05 level; 3) Students’
posttest score of self-efficacy in science was significantly higher than the pretest score at .05 level and 4)
Students’ science competencies had high cormrelation with science process skills (r = .704) and

students’ science competencies had no correlation with self-efficacy in science (r, = .004).
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CHAPTER 1
INTRODUCTION

Background

In rapidly changing world, knowledge of science and technology is significant to the
development of a country both economically and socially. Moreover it is related to
everyone’s daily life (OECD. 2007; The International Science, Mathematics and Technology
Education Conference: ISMTEC. 2013: 1).The research indicated that knowledge and skills
that are connected to the real lives of people in society could have predictable effects in the
economic development (PISA Thailand. 2007: 1). The situations, problems, and issues that
individuals encounter in their daily lives requires some understanding of science and
technology (OECD. 2007). Science enables us to acquire essential investigative skills to
seek knowledge, develop various thinking skills, and allow for the abilities of systematic
problem-solving and verifiable decision-making based on diverse data and evidence to
flourish. Consequently, science is essential to the modern world (The Ministry of Education.
2008: 106).

It is necessary to develop students’ science process skills in order to prepare
themselves for their lives in the future. The OECD Program for International Student
Assessment (PISA) which assesses the abilities of 15-year-old students in terms of
knowledge and skills which are essential for full participation in society. As such it focuses
on student competence in the key subject areas of reading, mathematics, and science.
Especially in 2006, PISA was focusing on science literacy, which measures the ability to
complete tasks relating to real life, by applying their understanding of scientific concepts to
the real world (OECD. 2007: 16-20). Science literacy was assessed through the following
science competencies: identifying scientific issues, explaining phenomena scientifically,
and using scientific evidence (OECD. 2007:35). They had placed emphasis on knowledge
about science as an aspect of science performance, which relates to an enquiry in PISA
2006 about scientific process. Moreover, it measured students’ science competencies
which were used to test the students’ connection to key cognitive abilities such as

inductive/deductive reasoning, system-based thinking, critical decision making,



transformation of information (creating tables or graphs out of raw data), construction and
communication of arguments and explanation based on data, thinking in terms of models,
and the use of science (OECD. 2007: 36).

PISA has measured cognitive ability in terms of a yield-study, assessing life-skills
and broad areas of literacy rather than curriculum domains. They also measured non-
cognitive outcomes as PISA believes that success in school and in life—depends on being
committed, sharing values and beliefs, respecting and understanding others, motivation to
learn and to collaborate, and being able to regulate one’s own learning behavior.

It had been shown that beliefs and attitude are positively correlated with students’
performance in the field of science (OECD. 2007). This relationship was reciprocal as
science-related beliefs and attitudes could be a consequence of higher science
performance, as well as causing higher science performance. A positive self-concept and
self-efficacy (or science-related beliefs) were highly correlated to motivation, learning
behavior, general expectations for the future, and students’ performance (OECD. 2007). It
was consistent with the studies of Bandura (1994), Zimmerman (2000), Bong & Skaalvik
(2003), and Shari & Pajares (2006) indicating that self-efficacy is an effective predictor of
motivation, performance, and achievement.

The Self-efficacy is defined as people’s beliefs about their capabilities to produce
designated levels of performance (Bandura. 1994:2; 2006: 309). Meaning that it could refer
to individual’s effort and persistence to execute the tasks. Therefore, knowing a student’s
self-efficacy would help predict student’s learning or even potentially the student’s
pathways. It is a key impact to motivation; a strong sense of self-efficacy can affect
students’ willingness to take on challenging tasks and also refer to how much effort the
students give and how persistent they are (Bandura. 1994: 2). The most influential part to
building up self-efficacy is a student’s performance accomplishments, which are based on
personal mastery experience. Consequently, the relationship between student’s self-efficacy
and student performance may well be reciprocal; with students with higher academic ability
being more confident and a higher level of confidence (OECD. 2007: 134).

The PISA 2006 included the measurement of self-efficacy in science which refers to

students’ belief in their own ability to handle tasks effectively and difficulties in the student



questionnaire. That measurement was focused on students’ efficacy in applying science to
daily life. Finding, that while Thai students’ science performance is low, their self-efficacy
seemed high. It was 0.078 of standardized self-efficacies, meaning the score was stronger
than the OECD average mean score (OECD. 2007: 136). In other hand, Thai students’
science self-efficacy was weakly correlated with the students’ motivation.

The results of this phenomenon have been found to be the result of an
overestimation. Bandura states that some overestimation of capability is useful, as it
increases effort and persistence (Bandura. 1986 cited in Pajares. 1996: 339). Moreover,
Pajares (1996) suggests that students should improve their skill to make the calibration more
accurate rather than to try and lower the students’ efficacy perception, or discourage their
overconfidence. Consequently, it would be good to improve students’ science
competencies (science literacy) to make it a higher score and have more consistency with
the Thai students’ self-efficacy in science.

Science process skills are crucial to science literacy in order to be a scientifically
literate person (Seetee. 2016). The second time the PISA focused on science literacy was in
the PISA 2015, which further illustrated that science process skills is important for science
literacy in terms of procedural knowledge. It acquired scientific knowledge through the skills
of enquiry and problem solving in real life. Moreover, science competency is measured in
terms of explaining phenomena scientifically, evaluating and designing scientific enquiry,
and interpreting data and evidence scientifically (OECD. 2013: 7). Therefore, science
process skills might be a key to attaining those competencies.

However, 36 teachers have mentioned problems in science classroom. It reveals
that a total of 35.89% of teachers state that students are lacking in the areas of science
process skills and awareness while learning. Such problems had been found in the past.
Some problems were found in science process skills in that both students and student
teachers were lacking. An example of this was when Padilla, Cronin, and Twiest (1985)
surveyed the basic process skills of 700 middle school students with no special process
skill training. They found that only 10% of the students scored above 90% correct, even at
the eighth-grade level (Padilla. 1990). In grades nine and ten, students who indicated that

their integrated science process skills mean score was low and unsatisfactory were



especially weak in interpreting data, recording data, generalizing, formulating hypotheses
and identifying variables (Yvonne; & Kola. 2001).

Likewise, a study on former students in Johor Bahru, Indonesia showed that most of
the participants’ knowledge of the scientific process was unsatisfactory. (Aina. 2006 cited in
Surif; Ibrahim; & Mokhtar. 2012: 419). Furthermore, the studied problem-solving approach in
a laboratory has found that students performed poorly in procedural knowledge (Wilson.
1987 cited in Surif; lbrahim; & Mokhtar. 2012). Some reports showed that students
performed poorly in the process of planning for strategies and implementing correct
strategies even though they did not encounter any difficulty in understanding the problem
(Zuraidi. 1999 cited in Surif; lbrahim; & Mokhtar. 2012).

In the Thai educational system, we have found problems related to students’ science
process skills throughout in-service and pre-service science teachers. The most mentioned
problem is the lack of students being able to infer and interpret data which leads to students
not being good at drawing conclusions (Chaiyen; Bunsawansong ;& Yutakom. 2007;
Kaewseehabut ;& Khantho. 2007; Nakthong; Anuntasethakul ;& Yutakom. 2007; Chairam;
Klahan ;& Coll. 2015). They are incapable of presenting the connection between the claim
and evidence (Chairam; Klahan ;& Coll. 2015. Somsuk. 2015) and they almost need some
help from a teacher (Chairam; Klahan ;& Coll. 2015). The survey also found that the inferring
skill of in-service and pre-service science teachers was the weakest of the skills (13 skills).
The mean score was 50% and 35% of in-service and pre-service science teachers
respectively. They just observed without inferring data (Kruea-In; & Fakcharoenphol. 2015).
Moreover, high school students still are weak in basic science process skills such as
students not being able design a table to record the data, but they can draw the graph they
they used to practice (Chairam; Klahan ;& Coll. 2015). Grade six students are lacking in
measuring skills; they make improper use of tools or equipment that is required as well as
make errors, including the improper use of measurement unit (Kaewseehabut ;& Khantho.
2007). It was also found that grade 10" students lack of skill in using numbers is highest
among other skills (Nakthong; Anuntasethakul;& Yutakom. 2007). It has been found that
much of science process skills are lacking integration in high school students, in Thailand

namely, as they are confused between the independent and dependent variables in



experiments (Kaewseehabut ;& Khantho. 2007; Chairam; Klahan ;& Coll. 2015) while the
study of Nakthong et al (2007) found that students can identify the control variable better
than other variables, Somsuk (2015) found that lacking of the ability to identify and control
variables as a skill is an obstacle to the learning activities of the 213C physics instructional
model using scientific argumentation. Furthermore, some studies have found students
lacking in defining operationally (Chaiyen; Bunsawansong ;& Yutakom. 2007; Nakthong;
Anuntasethakul;& Yutakom. 2007), formulating hypotheses(Nakthong; Anuntasethakul;&
Yutakom. 2007), and experimenting skills(Chaiyen; Bunsawansong ;& Yutakom. 2007)
including not being able to explain the procedures of the experiments clearly (Nakthong;
Anuntasethakul;& Yutakom. 2007). It seems that Thai students are weak with both basic and
integrated science process skills, which need to be required to investigate the natural world.
Students’ science process skills need to be improved since they are at lower levels because
the lack of science process skills might impact their understanding or even restrain them
from acquiring science knowledge effectively while learning science, especially via doing
experiments or inquiry.

Consequently, students should know how to start, what the steps of the procedure
are, what the purpose is, and how to find the answers. In other words, students should have
strength on process skills for exploring the natural world. By addressing these problems, the
researcher aims to develop the learning model which could improve students’ science
process skills, their self—efficacy in science, including using the model for practicing the
following science competencies: explaining phenomena scientifically, evaluating and
designing scientific enquiry, and interpreting data and evidence scientifically. This would be
beneficial in attempting to prepare the students to be scientifically literate people, and using
it when encountered in their real life.

By reviewing the literature, it showed that learning based on inquiry has been used
for improving students’ science process skills (Simsek; & KabapOnar. 2010; Koksala; &
Berberoglu. 2012; Lati; Supasorn; Promarak. 2012; Yadav; & Mishra. 2013; Aydogdua;
Buldur; & Kartal. 2013; Ogan-Bekiroglu; & Arslan. 2014; Chairam; Klahan;& Coll. 2015).
Some studies are used by the 5E learning model with elicitation strategy (Rompayom. 2010)

and some are used by laboratories based on the 7E learning cycle (Yadav; & Mishra. 2013).
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However, the results of teachers’ opinion have identified that Thai students not only lack
science process skills, but they also do not have a working plan, do wrong procedures, and
cannot reflect the purpose of an experiment (see Chapter 4). This demonstrates that
students need more plans and need to set the goal of the experiment or task through the
goal of each procedure. They also need to monitor it during a procedure to ensure that
students are concentrated on the path of the procedure.

Therefore, it should be fulfilled with the strategy in order to keep the students’
attention, reflect the students’ understanding on each step of procedure, and also maintain
control while they are doing the experiments. By reviewing the literature, this researcher has
found studies related to metacognition that can improve students’ science process skills
(Saribas; & Bayram. 2009; Mollozzi; & Heilbronner. 2013). Schraw and Dennison (1994)
define the metacognition as the ability to reflect on understanding and control’'s one
learning. There are two main subcomponents of metacognition; knowledge of cognition and
regulation of cognition. Researcher has considered and hypothesized in the regulation of
cognition as it is a set of activities that would help students to control their learning.
Regulation of cognition is referred to 1) planning—setting goal, managing all resources, and
maintaining prior knowledge 2) monitoring—online awareness of comprehension, task
performance, and testing by themselves while learning 3) evaluating—appraising the
regulatory processes and products (Schraw. 1998; Schraw et al.1995; Schraw et al. 2006).
Moreover, Schraw et al (2006) recommend that metacognition enables individuals to monitor
their current knowledge, skills, and plan learning resources. If students understand how to
use regulatory skills in the classroom, their learning will be improved (Cross; & Paris. 1988;
King. 1991 cited in Schraw. 1998; Schraw; & Dennison. 1994: 466). Consequently, the
response to problems about the regulation of cognition are addressed in the survey.

According to the literature review above, to solve these problems, inquiry learning is
considered the main approach that drives on the 5E learning model: 5E inquiry. The Institute
for the Promotion of Teaching Science and Technology (IPST) has supported and made up
workshops of 5E for science teachers (IPST (Biology). 2006) which leads to Thai science
teachers being familiar with the 5E learning model (Science Institute. 2013 cited in Chamrat.

2013: 8). Consequently, researcher selected the 5E inquiry learning model and infused it



with metacognition in terms of the regulation of cognition (planning, monitoring, and
evaluating) in four phases of 5E. These four phases are the engagement, exploration,
explanation, and elaboration phases. Finally, the learning model consists of five phases;
engagement-planning (P)-monitoring (M)-evaluating (E),exploration-P-M-E, explanation-P-M-
E, elaboration-P-M-E, and evaluation. This study emphasizes attempts for students to
develop the key science competencies: explain phenomena scientifically, evaluate and
design scientific enquiry, and interpret data and evidence scientifically. Based on the PISA
2015 framework, the contents of which are appropriate to these purposes, should be
relevant to real-life situations which may relate to personal, local, national and global
situations, and can represent an important scientific concept or major explanatory theory
that has enduring utility (OECD. 2013: 17). Therefore the metacognitive strategy embedded
in this learning model’s inquiry learning model is based on the topic of the atmosphere and
weather because it consists of many fields of science such as biology, chemistry, physic,
geology, and oceanography that must be understood and integrated. It is one of the most
relevant science subjects that applies to students’ everyday lives and students’ concern on
environmental issues such as acid rain, destruction the ozone layer, and ground-water
pollution as suggested by NSES (Mao; & Chang. 1999: 94). It was suited to the objective
science literacy (measure through science competencies test) to know and enhance
students to integrate both knowledge of science and skills to solve problems in daily lives.
Data were collected on seventh grade students in Bangkok, Thailand that had

problems in science classes as mentioned in preparation stage.

Objectives of the study

1. To discover the problems based on science classroom in Thailand.

2. To develop the metacognitive strategy embedded in inquiry learning model.

3. To evaluate the effectiveness of a learning model on students’ science process
skills, science competencies, and self-efficacy in science.

4. To find the correlation between students’ science competencies and science

process skills.



5. To find the correlation between students’ science competencies and self-efficacy

in science.

Significance of the Study

According to the results of survey in the preparing stage, it is indicated that
students’ lack of science process skills, which is the core skills in learning science, and that
students are less aware while learning; cannot do what they need to do and therefore
cannot reflect on the purposes of experiment. This study aims to develop the model of
metacognition strategy embedded in learning inquiry in order to enhance students’ science
process skills, science competencies, and self-efficacy in science. The learning model
would make the students more aware of the procedure, provide students improved science
processing skills, which are important in preparing students for their daily lives in the future
(science competencies). Provide the teacher with the knowledge to improve students’
motivation in the path of science, through science self-efficacy by adjusting the level of
students’ self-efficacy in science to be more consistent with their performance; effectively
predictable motivation. Finally, the model of metacognition strategy embedded in the
learning inquiry would be a choice of teaching instructions for science teachers and the

policy makers to implement in science education.

Research question

1. What problems are often found in the science classroom in Thailand?

2. What are the features of metacognitive strategy embedded in inquiry learning
model?

3. Does the metacognitive strategy embedded in inquiry learning model effect on
students’ science process skills, science competencies, and self-efficacy in science?

4. Do the students’ science competencies have correlation with science process
skills?

5. Do the students’ science competencies have correlation with self-efficacy in

science?



Scope of the Study
This studies research and development consisted of three stages to study. Those
stages included the population and participants as following;
1. Preparation Stage: Basic data
1.1 Teachers’ opinion related to science classroom problems

The population included science teachers who taught grade eight students
in public schools all over Thailand.

The participants were 36 science teachers who taught grade eight students
and were willing to respond to the given question from 36 schools located in nine areas
based on PISA Thailand criteria of sampling. Four science teachers were selected from
each area. They were selected by a stratified random sampling and simple random
sampling, respectively.

1.2 An exploration of students’ level of science process skills
The population included lower secondary school students in Bangkok was
230,101 students which were consisted of 116,526 boys and 113,575 girls in the 2017
academic year.
The participants were 426 students who were lower secondary school
students in Bangkok during the 2017 academic year. They were selected by using 5% of the

Yamane formula, stratified random sampling and simple random sampling, respectively.

2. Development of Learning Model Stage:
The pilot study was conducted during November — December 2017 at a School in
Bangkok during the second semester of the 2017 academic year. All processes of teaching
were conducted by researcher. Two classrooms of 1/8 (42 students) and 1/9 (28 students)
with total 70 students; one class was high-moderate achievers and emphasizing on science
(English program) and one class was moderate-low achiever emphasizing on musical

program.

3. The Evaluating Learning Model Stage:
The population included seventh grade students in Bangkok in the second

semester of the 2017 academic year.
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The participants consisted of thirty-three seventh grade students from a school in
Bangkok in the second semester of the 2017 academic year. Purposive sampling was used;
the sample was composed of students in public school, mixed achievers, that had problems
in science classes, same as the results of teachers’ opinions in preparation stage.

Additionally, this study verified the processes and was allowed to conduct the
research from the Strategic Wisdom and Research Institute, Srinakharinwirot University
which was approved in the certificate of approval referring to certificate number SWUEC/E-

258/2560.

Contents:

Atmosphere and weather consisted of these topics: atmosphere, the effect of sun
rays to atmosphere and air temperature, the effect of temperature to air density and air
pressure, wind, humidity, cloud and precipitation, thunderstorm and tropical storm, weather
forecast, and climate change El nino, La nina, greenhouse effect, global warming and air-

pollution

Variables of the study:
1. Independent variable

Using of metacognitive strategy embedded in inquiry learning model

2. Dependent variable
-Students’ science process skills
-Students’ science competencies

-Students’ self-efficacy in science

Definition of terms
1. The metacognitive strategy embedded in inquiry learning model

Referred to the new learning model which consists of five phases and

emphasizing on students ability to plan, monitor, and evaluate in procedure of learning
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inquiry which increases students' concerns on processes as well as accomplish the five
features of inquiry. By details of five phases were:

1.1 Engagement-P-M-E phase: students were able to make a plan, monitor, and
evaluate their abilities and prior knowledge. Therefore, students needed to be asked and
evaluated their prior knowledge while discussing their ideas with friends, making plans, and
responding to given learning activities, questions as well as teachers promoting students’
interested in science questions and students being engaged in scientifically oriented
questions to formulate a science question (testable question).

The procedures in this phase were: students were engaged by instructional material
such as pictures, clip video, news, phenomena, and events that could be connected with
the new science concept they would learn. Students used and evaluated prior knowledge
related to those instructional materials. Students interested in issues related to the given
instructional materials, proposed questions and discussed what they were curious about in
those situations, and considered resources or time and reached the main question to
explore. In term of experiment activity, that main question was planned and changed to
become a testable question. Students asked themselves “what | know,” and “what | do not
know,” because they are key when formulating the testable question. Checking the question
by a checklist of testable question components and clarify via whole class discussion.
Based on the discussion, students evaluated and fulfilled the final testable question.

1.2 Exploration-P-M-E phase: this phase aimed to enhance students abilities to
make a plan, monitor, and evaluate their procedures to attain the required evidence.
Students perceived their capabilities whilst making a plan and exploring. Therefore,
students needed to be asked and evaluated on their knowledge and skills while discussing
their ideas with friends, making a plan, and responding to given learning activities as well as
students giving priority to evidence in responding to question.

The procedures in this phase were: Students set the main question/testable question
as a goal to find out the answers. Students identify the needed evidence/data and propose
the ways to get the evidence/data based on students’ experience with everyday language.
They then discussed and completed the writing plan in order to get the evidence before

doing the experiment/exploration. Using the ISN notebook as the writing plan and recording
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data sheet when doing the experiments. Students transferred the experiment plan in ISN
notebook from everyday language (on left side) into science terminology (on right side);
hypothesis, variables, and defining operationally variable. Continually checking the
consistency among the plan, goal, and procedure while doing the
experiment/exploration/task via a checklist. Afterwards they would discuss the results/data.
Students then evaluated the evidence and all the results, inferring evidence/data, and any
mistakes.

1.3 Explanation-P-M-E phase: this phase enhanced students ability to make a plan,
monitor, and evaluate their scientific explanation. Students perceived their abilities in
formulating the explanation from evidence, connecting the explanation to scientific
knowledge, and communicating and justifying the explanations. Therefore, students needed
to be asked and evaluated on their knowledge while discussing their ideas with friends,
making a plan, and responding to given learning activities.

The procedures in this phase were: students would give priority to the explanation
that was based on the evidence. Students connected the evidence or phenomena to
science knowledge that they had learned or had gained as new knowledge. They would
discuss and interpret the data or experiment results. Plans to make conclusions and
scientific explanations were started by recalling the goals and evidence required. Students
were taught to ask themselves “what | know,” and “what | need to know,” to be the key when
formulating the scientific explanation. Students made a conclusion and scientific explanation
by using an explanation template/guidance. Students checked the explanation via the
checklist and during class discussion. They evaluated and made decisions to fulfill the
explanation.

1.4 Elaboration-P-M-E phase: this phase aimed to enhance students ability to make
a plan, monitor, and evaluate the application of knowledge and skills they had learned to
solve the problems or science tasks, criticize news, experiment, explain scientific
phenomena, and so on. Students perceived their own abilities in both knowledge and skills
including the realization about the fruitfulness of scientific contribution. Therefore, students
needed to be asked and evaluated about their knowledge and skills while discussing their

ideas with friends, responding to the science task, such as formulating testable
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questions/goals, exploring the evidence and formulating the explanation based on
evidence, connecting explanation to scientific knowledge including communicating, and
justifying the explanation.

The procedures in this phase were: students applied science knowledge and skills
that they had learned; set the goal of assigned science task, make all the plans to attain a
testable question, data/evidence, and using scientific knowledge to explain phenomena or
other situations scientifically.

1.5 Evaluation phase: this phase aimed to evaluate students’ knowledge and skills.
Students perceived their own abilities in both knowledge and the processes as students
respond to the questions, worksheet and a self-evaluation form about their gained
knowledge and skills. In other words, students perceived their capabilities related to
learning concept and learning ability they experienced which affects their level of self-
efficacy in science.

The procedures in this phase were: students measured all knowledge and skills they
had learned through the questions, worksheet, journal, and self-evaluation form in terms of
what they had learned by comparing knowledge and skills between pre- and post- learning

activity.

2. Science process skills

Referred to students’ abilities to use 13 process skills for doing the
experiments, investigating natural world (knowledge), and thinking about problems tomake
a decision. ltwas consisted of two groups of skills;

2.1 Basic science process skills:there are 8 skills namely;1.1 observing; 1.2
classifying;1.3 measuring ; 1.4 using space/time relationship; 1.5 using number ; 1.6
communicating ; 1.7 predicting ; 1.8 inferring

2.2 Integrated science process skills:there are 5 skills namely;2.1 defining
operationally; 2.2 formulating hypotheses;2.3 interpreting data;2.4 identify and controlling

variables; 2.5 experimenting
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3. Science competencies
Science competencies are defined into 3 aspects, the same as the PISA 2015,
and will be measured by the science competencies test which was constructed by the

researcher. Those competencies were;

Competence 1: Explain phenomena scientifically
Recognize, offer and evaluate explanations for a range of natural and
technological phenomena demonstrating the ability to: Recall and apply appropriate
scientific knowledge; Identify, use and generate explanatory models and representations;
Make and justify appropriate predictions; Offer an explanatory hypotheses; Explain the
potential implications of scientific knowledge for society.
Competence 2: Evaluate and design scientific enquiry
Describe and appraise scientific investigations and propose ways of
addressing questions scientifically by demonstrating the ability to: Identify the question
explored in a given scientific study; Distinguish questions that are possible to investigate
scientifically; Propose a way of exploring a given question scientifically; Evaluate ways of
exploring a given question scientifically; Describe and evaluate a range of ways that
scientists use to ensure the reliability of data and the objectivity and generalizability of
explanations.
Competence 3: Interpret data and evidence scientifically
Analyze and evaluate scientific data, claims and arguments in a variety
of representations and draw appropriate conclusions demonstrating the ability to: Transform
data from one representation to another; Analyze and interpret data and draw appropriate
conclusions; Identify the assumptions, evidence and reasoning in science-related texts;
Distinguish between arguments which are based on scientific evidence and theory and
those based on other considerations; Evaluate scientific arguments and evidence from

different sources (e.g. newspaper, internet, journals)
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4. Self-efficacy in science
Referred to as students’ perception of their capability to execute the tasks given

to them, which are evaluated in terms of their level of students’ confidence in four aspects.
Students are presented with items portraying different levels of task demands and they rate
the strength of their belief with a five point scale (strongly disagree, disagree, neither,
agree, strongly agree). The details of four aspects are as follow;

Aspect 1: explanations in science lesson they have learned (scientifically)
Referred to as the students’ belief that relates their level of capabilities in making scientific
explanations by using scientific principles that they have learnt to explain the phenomena
through belief in their capabilities to connect content and resources to explain scientifically
the phenomena.

Aspect 2: planning and designing experiment and working in science
Referred to students’ belief of their level of capabilities in using science equipment and
science process skills to propose and design the ways for exploration, and includes their
belief on their ability to do science tasks successfully.

Aspect 3: applying science in daily life
Referred to students’ belief in relation their level of capabilities in applying science
knowledge in daily life, identify evidences/reasons scientifically include evaluate argument
issues and evidences from any resources in daily life (news, article, social media etc.).

Aspect 4: presenting and communicating science lesson
Referred to students’ belief in relation to their level of capability in analysis and interpreting
scientific data in order to communicate it in terms of verbal, writing, discussion and

explaining to others.

Conceptual framework of the study

The conceptual framework of the study was a metacognitive strategy embedded in
inquiry learning model which was done by infusing between 5E inquiry and the
metacognition in term of regulation of cognition (or metacognitive strategy). The regulation
of cognition consisted of planning (P), monitoring (M), and evaluating (E) and these became

the sub-step in the 5E phases model. These sub-steps were driving in four phases of 5E
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model. The learning model included 5 phases; engagement-P-M-E, exploration-P-M-E,
explanation-P-M-E, elaboration-P-M-E, and evaluation phase.

The using of metacognitive strategy embedded in inquiry learning model aimed to
enhance students’ science process skills, students’ science competencies and their self-
efficacy in science. The correlation between students’ science process skills, students’
science competencies and self-efficacy in science were calculated. The relationship
between the learning model and dependent variables; science process skills, science

competencies and self-efficacy in science were illustrated in Figure 1.

Independent Variable Dependent Variable

1. Science Process Skills

Using the metacognitive strategy embedded in

Inquiry learningmodel 2. Science Competencies

3. Self-efficacy in Science

FIGURE 1 Conceptual framework of the study

Research hypotheses

The metacognitive strategy embedded in inquiry learning model will affect on
students’ science process skills, science competencies, and self-efficacy in science

1. Students’ posttest score of science process skills is statistically significantly
higher than pretest score at .05 level.

2. Students’ posttest score of science competencies is statistically significantly
higher than pretest score at .05 level.

3. Students’ posttest score of self-efficacy in science is statistically significantly
higher than pretest score at .05 level.

4. Students’ science process skills have correlation with science competencies.

5. Students’ science competencies have correlation with self-efficacy in science.



CHAPTER 2
REVIEW OF THE LITERATURE

The purpose of this study is to enhance students’ science process skills, students’
science competencies, and students’ self-efficacy in science by using the metacognitive
strategy embedded in inquiry learning. This chapter is a review of literature which related;

1. Basic Education Curriculum B.E. 2551 in Thailand

2. Science process skills(SPS)

2.1 The categories of science process skills
2.1.1 Basic science process skills (BSPS)
2.1.2 Integrated science process skills (ISPS)
2.2 The importance of science process skills
2.3 Development students’ science process skills
2.4 Assessment of science process skills
3. Inquiry-based learning
3.1 Essential features of science classroom inquiry
3.2 Implementing inquiry in science
4. The 5Es instructional learning model
4.1 Phases of 5Es instructional learning model
5. Metacognition
5.1 Inquiry learning influences metacognition and self-regulation in science
education
5.2 Metacognitive instruction
5.3 Improving regulation of cognition
6. Self-efficacy and self-efficacy in science
6.1 Self-efficacy
6.2 Sources of self-efficacy
6.3 Self-efficacy in science
6.4 The importance of self-efficacy in science

6.5 Assessment of self-efficacy in science
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7. Science competencies

7.1 Assessment of science competence

1. Basic education curriculum B.E. 2551 in Thailand

The Basic Education Curriculum B.E. 2551 (A.D. 2008) stated that science is a
subject that plays an important roles in the world community. It provides both scientific
knowledge and enable learner to develop thinking skills, enable learner to acquire essential
investigative skills for seeking knowledge, and including decision-making based on diverse
data and evidence (Ministry of Education. 2008: 106; Sheeba. 2013: 109). The science
curriculum standard indicates eight principle sub-strands for learners in basic education as
follow;

Sub-strand 1: Living Things and Processes of Life

Sub-strand 2: Life and the Environment

Sub-strand 3: Substances and Properties of Substances

Sub-strand 4: Forces and Motion

Sub-strand 5: Energy

Sub-strand 6: Change Process of the Earth

Sub-strand 7: Astronomy and Space

Sub-strand 8: Nature of Science and Technology

This study will focus on sub-strand 6 and sub-strand 8 with expectation on learners
in two standards as follow;

Standard Sc 6.1: Understanding of various processes on the Earth’s surface and
inside the Earth; relationship between various processes causing changes in climate;
topography and form of the Earth; investigative process for seeking knowledge and
scientific mind; and communication of acquired knowledge that could be applied for useful

purposes.

Standard Sc 8.1:  Application of scientific process and scientific mind in

investigation for seeking knowledge and problem-solving; knowing that most natural
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phenomena assume definite patterns that are explainable and verifiable within limitations of
data and instructions of data and instruments available during particular periods of time;

and understanding that science, technology, society and the environment are interrelated.

Summary:

The national science curriculum standards (the Basic Education Curriculum B.E.
2551) concluded that science education in Thailand focused on 3 major facets namely;
scientific knowledge, scientific inquiry and scientific mind, and science communication. The
curriculum demonstrated that process to acquire scientific knowledge is significant. Those
process skills are added to Standard Sc 8.1 in each standard Sc of scientific knowledge. It
emphasizes on process of acquired knowledge and solving problems, measurement, and
investigation based on evidences. Therefore, students’ science process skills are important
including; Observing, Using space/time relationship, Classifying, Using number, Measuring,
Communicating, Predicting, Inferring, Controlling variables, Interpreting data, Formulating
hypotheses, Defining operationally, and Experimenting. These skills are as the tools to
inquire and communicate in science.

This study emphasizes to develop students’ science process skills (13 skills) which
are the key for inquiry and solving problems include science communication for attaining the

standard science of the national science curriculum standards (B.E. 2551).

2. Science process sKills

As the statement of problems from teachers’ opinion is students lacking of science
process skills and less concern while learning. These problems are significant and need to
be improved because it is the important process to acquire scientific knowledge. The PISA
2015 definition of scientific literacy framework is changing to more focus more on procedure
by elaborating the concept of “knowledge about science” of PISA 2006 framework, split into
two components—procedural knowledge and epistemic knowledge which related to
knowledge of how ideas are produced and an understanding of the underlying rationale for
these procedures and the justification for their use. The measurement of PISA 2015 is

valuing scientific approaches to inquiry (OECD. 2013: 10-11).
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According to PISA 2015 framework, procedural knowledge is the knowledge of the
concepts and procedures that are essential for scientific inquiry which supports the
collection, analysis and interpretation of scientific data. Moreover, one can define as
knowledge of the standard procedures scientists use to obtain reliable and valid data.
Definition of procedural knowledge by details is below (OECD. 2013: 19);

1) The concept of variables including dependent, independent and control variables

2) Concepts of measurement e.g., quantitative [measurements], qualitative
[observations], the use of a scale, categorical and continuous variables

3) Ways of assessing and minimizing uncertainty such as repeating and averaging
measurements

4) Mechanisms to ensure the reliability (closeness of agreement between repeated
measures of the same quantity) and accuracy of data (the closeness of agreement between
a measured quantity and a true value of the measure)

5) Common ways of abstracting and representing data using tables, graphs and
charts and their appropriate use

6) The control of variables strategy and its role in experimental design or the use of
randomized controlled trials to avoid confounded findings and identify possible causal
mechanisms

7) The nature of an appropriate design for a given scientific question e.g.,
experimental, field based or pattern seeking

Considering those procedural knowledge definition, it is similar as the set of science
process skills (SPS) that consists of 1) Defining variables operationally, 2) Observing, 3)
Classifying, 4) Measuring, 5) Inferring, 6) Communicating, 7) Interpreting data, 8) Identify
and controlling variables, 9) Experimenting, 10) Predicting, 11)Formulating hypotheses, 12)
Using number, and 13) Using space/time relationship. Table 1 showed how procedural

knowledge of framework 2015 related to the set of science process skills;
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TABLE 1 The consideration of procedural knowledge and science process skills

Details of Procedural Knowledge Science Process Skills

The concept of variables including dependent, independent Defining variables operationally

and control variables

Concepts of measurement e.g., quantitative [measurements], Observing,
qualitative [observations], the use of a scale, categorical and Classifying

continuous variables

Ways of assessing and minimizing uncertainty such as Measuring

repeating and averaging measurements

Mechanisms to ensure the reliability (closeness of agreement
between repeated measures of the same quantity) and
accuracy of data (the closeness of agreement between a Measuring

measured quantity and a true value of the measure)

Common ways of abstracting and representing data using Communicating

tables, graphs and charts and their appropriate use Interpreting data

The control of variables strategy and its role in experimental

design or the use of randomized controlled trials to avoid Inferring
confounded findings and identify possible causal Identify and controlling variables
mechanisms

The nature of an appropriate design for a given scientific Experimenting
question e.g., experimental, field based or pattern seeking Predicting

Formulating hypotheses

Moreover, some studied also refers procedural knowledge definition as basic
scientific process skills (classifying and making observation) and integrated science
process skills (drawing hypothesis, controlling the variables, planning an investigation, and

collecting data (Surif; Ibrahim; & Mokhtar. 2012).

2.1 The categories of science process skills

The American Association for the Advancement of Science (AAAS) established a

programme named Science—A Process Approach (SAPA) which emphasis to develop
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students’ competencies to apply a scientific mode of thought to problems and can be
applied in other subject area as well. SAPA also attempts to develop in students’ intellectual
and investigative skills of the scientist; therefore it is focusing on scientific processes:
observing, classifying, using numbers, measuring, space/time relationships, communicating,
predicting, inferring, defining operationally, formulating hypotheses, interpreting data,
controlling variables, and experimenting.

The SAPA has categorized process skills into eight basic and five integrated
processes. The basic (simpler) science (BSPS) process skills provide a foundation for
learning the integrated science process skills (ISPS) which is more complex (Sanderson&
Kratochvil. 1971: 34; Padilla.1990). Basic science process skills is appropriate for learning
concept formation at primary school and junior secondary school level while integrated
science process skills is appropriate for students who learning science at secondary and
tertiary school levels for formation of models, experimentation and differentiation (Gacheri; &
Ndege. 2014: 102-131). Likewise, Burns; Okey; & Wise (1985) stated that integrated science
process skills are vital aspect of meaningful laboratory activity at middle and secondary

school.

2.1.1 Basic science process skills (BSPS)

By details of eight basic science process skills are summarized by Padilla
(1990) and Sheeba (2013) as following:

1) Observing is using five senses (seeing, hearing, smelling, tasting and
touching) to gather information about objects and events for getting their properties or
changing. Example: describing a lemon as yellow. Competency indicators-- using one or
more senses to collect the information about objects or events, Identify the properties of an
object such as shape, color, taste, texture, Telling the similarities and differences between
the objects, Match objects and given description;

2) Classifying is grouping objects or events into categories based on
information collecting and according to objectives. Information can be classified at many
types and levels; from very general to very specific. Example: placing all breads having

certain color into one group. Competency indicators—- identify properties useful for
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classifying objects, Group objects by their properties, similarities and difference, criteria,
observation traits, Construct and use classification systems in tabular and other visual forms.

3) Measuring is making information from observation clearly by comparing
some attribute of a system to a standard of reference. It also can be stated the process of
making information observation into numerical term. All scientific measurement should be
given in Sl units. However, measuring use both standard and non-standard measures/
estimates to describe the dimensions of an object or event. Example: using the ruler to
measure the length of notebook in centimeter. Competency indicators -- measure in given
situation using appropriate units to suitable degree of accuracy, Use both standard and
non-standard measures and estimates to describe the dimensions of an object, Use both
standard and non-standard measures and estimates in making comparisons or taking
readings.

4) Using space/time relationship is the process skills of relationships deals
with the interaction of variables. Relationships can be multiple or single dimensions such as
speed with distance and time representing is the example of two dimensions or the location
in space is the example of single dimension. Competency indicators—- describe an object’s
position i.e. above, below, beside, etc., in relation to other objects, Describe the motion,
direction, spatial arrangement, symmetry, and shape of an object compared to another
object, Design patterns or interrelationship in a coherent manner and shape that promotes
scientific appreciation and aesthetic sense.

5) Using number is represented observation information in terms of numbers.
Identify quantitative relationship in nature. Using number can be reduced the verbal
meaning and allowed to apply logic of mathematics to describe and understand nature.
Competency indicators-- compute results from raw data, Apply numerical values in place of
variables and vice-verse to generate meaning, Resolve theoretical dilemmas in an
academic pursuit using mathematical figures of scientific significance.

6) Communicating is the process of presenting information of objects or
events to people by taken in many forms: verbal, written, non-verbal, or symbolic. This
process moreover refers to a group of skills which using to present in form of reporting data.

It mostly has display in terms of tables, charts and graphs. Competency indicators--
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translate information into other forms such as graphs, tables, and charts, Read information
given in the form of graphs, tables, etc., decide the best way of presenting information of a
certain kind.

7) Predicting is a process which forecasts future outcome based on
information and evidence existed. Prediction must be testable. Example: Predicting the
height of a plant in two weeks’ time based on a graph of its growth during the previous four
weeks. Competency indicators-- make use of evidence to formulate the sequence of a
forthcoming process of action or outcome, Use patterns or relationships to extrapolate to
case where no information has been gathered, Forecast events based on observations/
previous experiences/ certain patterns of reliable data.

8) Inferring is explanation or interpretation of an observation which be
generated from “educated guess” about events or objects based on gathering data and
information. Direct observation of events or objects is important because it enable people
explain and interpret things. Example: Saying that the person used to walk long distances
because his shoes were well worn. Competency indicators-- suggest explanations for
events based on observations, Analyses the cause and effect of decision, Organize the
observed data in a logical sequence leading to possible solutions.

However, Funk et al (1979) suggested that basic science process skill are
interdependent, implying that students could use and apply more than one skill in any

activity (Funk et al. 1979 cited in Sheeba. 2013).

2.1.2 Integrated science process skills (ISPS)

It is consisted of 5 process skills that summarized from Padilla (1990) and
Sheeba (2013) as following;

1) Defining operationally is to define the attributes of variables to a concept
by specific and be able to state method to measure those variables. Example: stating that
bean growth will be defined as the amount of change in heights as measure from the top of
soil to the tip of the longest stem in centimeters per week. Competency indicators are-- state

how to measure a variable in an experiment, define the variable according to the actions or
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operations to be performed on or with it, formulate a meaningful statement that generates a
sense of understanding.

2) Formulating hypotheses is the expected outcome of an experiment.
Example: the greater the amount of organic matter added to the soil, the greater the bean
growth. Competency indicators are-- identify questions or statements which can and
cannot be tested design statements, i.e., questions, inferences, predictions, which can be
tested by an experiment, state the expected outcome of an experiment, develop testable
explanation, explain a given observation in terms of conceptual relationships.

3) Interpreting data is organizing and analyzing data to draw conclusions
from it. Example: recording data from the experiment on bean growth in a data table and
forming a conclusion which relates trends in the data to variables. Competency indicators
are-- identify the relationship between the variables, from a given graph / table of data
(relating to an investigation), draw conclusions from the data by determining apparent
patterns or relationships in it, form a reasonable conclusion which relates trends in the data
to variables.

4) Identify and controlling variables is to identify variables that can affect an
experimental outcome keeping most constant while manipulating only the independent
variable. Example: Realizing through past experiences that amount of light and water need
to be controlled when testing to see how the addition of organic matter affects the growth of
beans. Competency indicators are-- identify the manipulated (independent) variable,
responding (dependent) variable, and variables-held-constant in an experiment, identify
variables that can affect an experimental outcome, keeping most constant while
manipulating only the independent variable, identify the variables that may affect the
dependent variable as stated in a problem, assign the limits of control of the selected
variable in an investigation, propose degree of freedom of variables in an experiment to test
hypothesis, control the variable in an investigation.

5) Experimenting is to be able to conduct an experiment, making appropriate
questions stating a hypothesis, identify and controlling variables, operationally defining
those variables designing a “fair’” experiment, conducting the experiment, and interpreting

the results of the experiment. Example: the entire process of conducting the experiment on
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the affect of organic matter on the growth of bean plants. Competency indicators are--
identify what is to be measured or compared in a given investigation, select a suitable
design for an investigation to test a hypothesis, recognize limitations of methods and tools
used in experiments, i.e. experimental error, utilize safe procedures while conducting
investigations, using appropriate apparatus.

Padilla suggested that learning needs more complex skills via experiment
abilities that need to be practiced over a two weeks (Padilla. 1990). Moreover, the study of
Junping (2011) suggested that teachers should measure students’ basic science process
skills to know the performance. If students were found weak in any skills, they needed to be
improved their skills before giving students practice in integrated science process skills
because some skills are required again in integrated science process skills such as
observing and communication (Junping. 2011; Brotherton & Preece. 1995 cited in Sheeba.

2013).

2.2 The importance of science process skills

A science process skill is an important aim of science education for several
reasons. As the science process skills is reflection of methods that scientists have used for
generating information on science (Sheeba. 2013). It provides students to investigate the
evidence to conclusion and emerging of scientific knowledge. The experiences from
investigation of science such as designing experiments, gathering information from many
resources by making predictions or to pose questions, collecting evidence to test the
prediction or explore the answers and interpreting the results. These processes lead
students given expansion their concepts (small idea) to explain the phenomena (big idea)
reasonable (Harlen. 1999). Students are acquired more understanding in science like Keil,
Haney, and Zoffel (2009) found that mastery of science process skills enables students to
understand, at a much deeper level. Science process skills is crucial for development of
understanding in science (Harlen. 1999) likewise Preece & Brotherton (1997) suggested that
teaching science process skills in secondary school year have long-term effects on students’
achievement. Moreover, one of vision of science literacy is to consider the products and

process of science (Yager. 2002). According to science process skills include the
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processes which can be applied the procedures in almost every stage of live of individual
(Sheeba. 2013); provide individual to develop problem-solving skills, communicating skills,
and critical thinking. Thus, science process skills is called as the core skills for learning
(Sheeba. 2013; Harlen.1999) and the development of scientific process skills has to be a
major goal of science education. At present, it is acknowledged in curriculum statements

worldwide (Harlen. 1999).

2.3 Development students’ science process skills

Many approaches are used to develop students’ science process skills. The
researcher has analyzed 15 studies related to science process skills development,
conducted during year 2009 — 2015. The summary of previous studies in science process
skills development is shown in Table 2. The study of Rauf et al (2013) stated that using
various teaching approaches in a single lesson can create more opportunities for
inculcation and acquisition of science process skills in the class. Especially, teacher should
make proper planning and guidance when teach each skill. Skills with abstract should be
developed through the teacher’s facilitating ability while teaching including using any kind of
approaches. Discussion approach seems suitable approach to inculcate the most science
process skills. However, some skills; measurement and using of numbers and defining
operationally need to be taught explicitly so, the discussion activities should be planned and
given more clearly guidance. This studied also found that allowing students do the
experiment by follow the procedure in lab sheet lead students do not aware which variables
through forming hypothesis. Consequently, students were not aware of the importance of
identifying the variables and its implementation when they make the conclusion to
experiment. So, teacher should ask students to identify the variables involved before doing
experiment and should given students exploration questioning (Rauf; et al,. 2013: 47 - 57).

Mollozzi and Heilbronner (2013) studied the using of an Interactive Student
Notebook (ISN) Specific Written Feedback affects to seventh grade Students’ science
process skills. Three types of instruction were used in the studied; 1) a science instructional
program using ISNs embedded with metacognitive strategies and specific written feedback

(treatment), 2) instruction with using ISNs embedded with metacognitive strategies only
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(comparison), and 3) a traditional science by using regular classroom instructional practices
(control). Finding, there were no significant differences between the control group and
treatment group or the comparison and treatment groups. Even a teacher participant stated
the teacher’s comments were read by students and they used it to improve science learning.
However, two of three teacher participants feel stressed especially when teaching multiple
lab classes they do not have time to provide the feedback to students, its process was time
consuming. Moreover, the student survey is shown that 21.43% of responses indicated that
specific written teacher feedback was not helpful as they usually received the feedback
after the lab already completed; all directions already clear. The study demonstrated that
using the ISNs with metacognitive strategies embedded (without feedback) lead to student
participants get better understanding of concepts and impacted students’ science process
skills over traditional science instruction. The qualitative finding also indicated that both
teachers and students liked using the ISNs for science labs and they did believe that ISNs
was benefit for learning science process skills because of the application of metacognitive
strategies (Mollozzi; & Heilbronner. 2013: 1 - 22).

Anagun (by abstract) studied the applying constructivist approach to develop
students’ science process skills. The qualitative results showed that constructivist approach
could develop some sub-skills; observing, classifying, predicting, forecasting, collecting
knowledge and data, and processing and forming model than inference and designing
experiment sub-skills (Anagun. 2009: 843).

The approach relates to constructivist is also confirmed by the study of
Vaithyanathan& Sivakumar (2013) expressed that science process skills can be acquired
through cognitive constructivist approach (CCA) as this approach concentrates on how to
think and how to understand things, it is active learning. Furthermore, constructivist
classroom learns to question things which lead students to curious the world
(Vaithyanathan; & Sivakumar. 2013).

The using of argumentation based concept cartoon activities influenced to
integrated science process skills more than basic science process skills. In other words, it
can be improved students’ science process skills; experiment-devising and data-recording

skills while only one sub-skills of basic science process skill to be improved; predicting skills.
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As these results, may because of their reviewed literatures have found students’ predicting
skills was low level included the analyzing of science and technology course books in term
of science process skills have found large numbers for observation and inference
embedded in activities but mediocre level of data collecting and devising experiments.
Consequently, their study intended for predicting. Moreover, they suggested that integrated
science process skills needed to devise experiment. So, students needed to be treated by
open-end inquiry or guided inquiry. The learning methods; argumentation-based learning,
problem-based learning, and project-based learning method could support these skills.
Especially, project-based learning method seems more effective on the skills like
observation, devising experiment, and making inference (Turkoguz; & Cin. 2014: 146-151).
The using of self-regulated learning approach can improve pre-service science
teachers’ science process skills. By details, the experimental group was developed
metacognition skills embedded within a motivating lab. Students were given to make pre-
and post-discussions about the design of the experiments in order to create metacognitive
awareness of the experimental design through scientific knowledge and science process
skills in regards of each experiment. The students always provided positive feedback. If the
report was not good sufficiently, the feedback would be the sentence with encouragement
and focus on effort like “I believe that you can do much better if you try”. The teaching
method consisted of five phases: preparatory, awareness and planning, performing the
experiment, self-control, and self-assessment and reflection. When the subscale of science
process skills test (SPST) was analyzed, it could be seen that students in experimental
group performed better than students in control group in terms of science process skills. In
other words, developing students’ metacognitive awareness within a motivating laboratory
can improved science process skills namely identifying variables, operationally defining,
and designing investigation. Moreover, the statistic showed that teaching method affected
the students’ motivational beliefs in terms of the scores of some subscales and students’
self-efficacy beliefs of experimental group were significantly higher than students in control
group. The students tended to believe their success or failure depends on their efforts for

doing tasks (Saribas; & Bayram. 2009: 61 — 71).
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Jeenthong and et al (2014) used the learning unit on aggressive behavior of
Siamese fighting fish (Betta splendens) by three-phase learning cycle-based instructional
including exploration phase, concept introduction phase, and concept application phase to
enhance integrated science process skills and behavior animal concept. Even the posttest
scores of experimental group are all significantly higher than pretest score and most
students satisfied with the learning unit but they found some problems in designing and
conducting the experiment during the exploration phase. They also suggested that students’
prior knowledge, students’ learning style, students’ learning process, number of students in

the class, and time limitation are the factors to concern for successful implementation.

Many studies have used 5E (Rompayom. 2010) and inquiry learning to improve
students’ science process skills in terms of basic or integrated science process skills
(Simsek; & KabapOnar. 2010; Koksala; & Berberoglu. 2012; Lati.; Supasorn; Promarak.
2012; Yadav; & Mishra. 2013; Aydogdua; Buldur; & Kartal. 2013; Ogan-Bekiroglu; & Arslan.
2014; Chairam; Klahan; & Coll. 2015). Using of laboratory based on the 7E learning cycle
model in General Physics Laboratory course at freshman university students improved four
subscale of science process skills; observing, classifying, hypothesis, and inferring (Yadav;
& Mishra. 2013). Some studies indicated that inquiry based learning lead impact to science
process skills and students’ attitudes towards science (Koksala; & Berberoglu. 2012) but
some studies did not have impact on students’ attitudes towards science (Rompayom.
2010; Simsek; & KabapOnar. 2010). Simsek & KabapOnar (2010) emphasized that timing
for making attitude change would require more than 8 weeks of teaching. Guided inquiry
learning seemed active to improve students’ science process skills (observing, classifying,
proposing hypotheses, controlling and manipulating variables, processing data, and
formulating model) as it was used in the study of Koksala & Berberoglu (2012). They also
stressed that guided inquiry was a transition approach between traditional teaching method
(teacher-centered) and student-centered activities, function effectively for teacher who is not
familiar with inquiry-based approaches. Moreover, Ogan-Bekiroglu & Arslan(2014) used this
approach in the control group to compare with model-based inquiry learning (experimental

group), it indicated that guided inquiry could improve pre-service physics teachers’ skills in
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terms of identification of variables and stating hypothesis while using model-based inquiry
learning enhanced two more dimensions; operationally defining, and data and graph
interpretation. The insertion of a POE (predict-observe-evaluate) activity in the first inquiry
feature was used to encourage students to find out the engaged question through inquiry
process as the results of science process skills; identifying and controlling variables,
defining operationally, formulating hypotheses, and experimenting were improved at the
excellent and good level. However, interpreting data and drawing conclusion was fair and
the authors stated that students may be weak in drawing conclusion during time limitation
(Lati; Supasorn; Promarak. 2012). Likewise, the studies of Kruea-In & Thongperm (2014)
suggested that many factors affect the promotion of science process skills namely students'
ability, students’ interesting, teachers’ beliefs, attitudes, and teamwork. Time constraint was
stated by secondary science teachers as the obstacle in that studied.

Moreover, Padilla (1990) suggested that integrated science process skills required
inquiry. However, metacognition instruction is the second most popular used. Many studies
indicated that significant differences were not observed but by details of approach it seems

suitable to address the problem of this study.

TABLE 2 The used approaches for developing science process skills

Authors Titles Participants Approaches

1 Rauf; et al.(2013) Inculcation of Science Process Grade 8 Various approach
Skills in a Science Classroom in single lesson

2 Mallozzi; etal. (2013)  The Effect of using Interactive Grade 7 Metacognitive
Student Notebooks (ISN) and instruction +
Specific Written Feedback on Interactive
Seventh Grade Students’ notebook +
Science Process Skills feedback +

science lab

3 Anagun. (2009) Developing scientific process Grade 5 Application of

skills at Science and Technology constructivist

course in fifth grade students approach
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TABLE 2 (continued)
Authors Titles Participants Approaches
4 Vaithyanathan; Effectiveness of Cognitive Grade 9 Cognitive
et al. (2013) Constructivist Approach In The Constructivist
Acquisition of Science Process Approach (CCA)
Skills
5 Turkoguz; et al. Effects of Argumentation Grade 7 Argumentation

(2014)

Based Concept Cartoon
Activities on Students’

Scientific Process Skills

Based Concept

Cartoon Activities

6 Saribas; &
Bayram. (2009)

Is it possible to improve

science process skills and
attitudes towards chemistry

through the development of

metacognitive skills

embedded within a motivated

chemistry lab? : A self-

regulated learning approach.

pre-service science

teachers

Development of
metacognitive skills:
self-regulated

learning approach.

7 Yadav; & Mishra.

A study of the impact of

Freshman university

laboratory based on

(2013) laboratory approach on students the 7E learning cycle
achievement and process model
skills in science among Is
standard students

8 $im§ek; & The effects of inquiry-based Grade 5 Inquiry-based

KabapOnar. (2010)

learning on elementary
students’ conceptual

understanding of matter,

scientific process skills and

science attitudes

Learning (IBL)
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Authors

Titles

Participants

Approaches

9 AydoQdua; Buldur;  The effect of open-ended pre-service Open-ended science
& Kartal. (2013) science experiments based teachers experiments based on
on scenarios on the science scenarios
process skills of the pre-
service teachers
10 Lati; Supasorn.; Enhancement of learning Grade 11 12 hours of science
Promarak. (2012) achievement and integrated inquiry activities
science
process skills using science
inquiry learning activities of
chemical
reaction rates
11 Jeenthong; etal.  Promoting integrated Grade 11 Betta-live science

(2014)

science process skills
through betta-live science

laboratory

laboratory by using three-
phase learning cycle-
based instructional:
exploration phase,
concept introduction
phase, concept

application phase.

12 Ogan-Bekiroglu;
& Arslan. (2014)

Examination of the effects of
model-based inquiry on
students’ outcomes:
scientific process skills and

conceptual knowledge

Five-year pre-

service teacher

Model-Based Inquiry: to
emphasize that scientists:
engage in inquiry other
than controlled
experiments, use existing
models in their inquiries,
use models to construct
explanations, engage in

argumentation




TABLE 2 (continued)
Authors Titles Participants Approaches
13 Koksala; & The effect of guided-inquiry Grade 6 Guided-inquiry approach
Berberoglu. instruction on 6" grade
(2012) Turkish
students’ achievement,
science
process skills, and
attitudes toward science
14 Rompayom. Development of “Chemical Grade 10 Learning units incorporated
(2010). Bonding” learning units in with elicitation strategy
incorporated with elicitation (5E + elicitation strategy)
strategy for high school
students
15 Chairam; Exploring Secondary Grade 11 Inquiry-based Chemistry
Klahan; & Coll. Students’ Understanding Laboratory
(2015). of Chemical Kinetics

through Inquiry- Based

Learning Activities

Summary:
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Scientific literacy in PISA 2015 focuses more on scientific inquiry. It demonstrated

that students should know the concept of procedures in order to investigate scientific

knowledge through natural world. To acquire scientific knowledge, procedural knowledge or

science process skills are required.

This study is aimed to develop students’ process skills in experiments in science

class including solving problems and making decision from information in their daily life.

Therefore, this study has defined science process skills as students’ abilities to use 13

process skills do the experiments including investigating natural world (knowledge) and

thinking about problems for making decision.
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The thirteen science process skills are categorized as the basic and integrated
science process skills. Basic science process skills (BSPS) consists of 8 process skills
namely; observing, classifying, measuring, using space/time relationship, using number,
communicating, predicting, and inferring. Integrated science process skills (ISPS) consists
of 5 skills namely; defining operationally, formulating hypotheses, interpreting data, identify
and controlling variables, and experimenting. Each skill will be measured by competency
indicators which will be constructed by researcher.

To develop science process skills based on the literature, inquiry based learning is
an appropriate approach to promote science process skills. This study aims to use inquiry
based learning (in terms of 5E Instructional Model) as a main model and will be inserted with
metacognitive strategy approach (regulation of cognition) because by addressing problems
like the lack science process skill and less concern while learning, not have working plan,
doing wrong procedure, and cannot reflect purpose of experiment. These are
demonstrating that students need more plans and the goals of the experiment or task
including need to monitored during a process in the science classroom. The researcher
realizes that problems need more planning and monitoring as a result the created learning
model is infused between the 5E inquiry and regulation of cognition.

Moreover, this created learning model includes some techniques; POE, ISNs, and

pre- & post- discussion about laboratory design in this study model.

2.4 Assessment of science process skills

Assessment of science process skills can be assessed as formative and
summative. The paper—and-pencil test is popular used in terms of summative assessment in
order to determine grades, write evaluations, and compare levels of achievement (Harlen.
1999; McColskey; & O’ Sullivan. 2000; The Exploratorium and institute for inquiry. 2006).

Formative assessment provides information for measuring and adapting teaching
method which help students get closer to the learning goals. Teacher gathers students’
work and information to determine what students need to do next (Harlen. 1999: 133; The

Exploratorium and institute for inquiry. 2006: 13). The information can be gathered by:
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1. Observing pupils—this includes listening to how they describe their work and
their reasoning. It can be in terms of informal or formal observation. Formal observation have
a specified focus and sample behavior to be observed systematically while informal
observation is observed with no predetermined focus. However, if teacher want to evaluate
students’ progress by seeing how students increase their ability to work independently with
the material lab. Teacher may develop a structured observation form for the lab to record
information (Harlen.1999; McColskey; & O’ Sullivan. 2000).

2. Interviews —it may focus on a cognitive or even what students understand about
a particular topic, how students feel. Even interviews with students are time-consuming, but
some are worth for; students who seem to be having trouble with particular concept or skills
as demonstrated on their test, students which are different abilities about prior knowledge,
students who have difficulty with written to express what they understand in a context, and
provide the teacher opportunity to probe and ask follow-up questions which challenge
students to think beyond their current level of understanding which organize their
knowledge in more systemic ways (McColskey; & O’ Sullivan. 2000).

3. Self-Assessment Questionnaires — it makes teacher knows how students
perceive their knowledge and skills, the quality of their work, the concern they have about
their progress, their prior level of experience with a topic or skill. The teacher might give to
students at the beginning of the year to better understanding their interest and their science
background such as the laboratory instrument (McColskey; & O’ Sullivan. 2000).

4. Questioning— using open questions, phrased to invite pupils to explore their
ideas and reasoning; asking pupils to communicate their thinking through drawings,
artefacts, actions, role play (Harlen. 1999: 133).

5. Open-Ended Questions— it is appropriate to assess student performance on
more complex cognitive outcomes. The length of response can vary. It depends on the age
of students, the question asked, and time provided to complete the question. The questions
might relate to: formulate a hypothesis or conclusion, describe the limitations of the data,
explain a method or procedure, and create or design something i.e., an experiment

(McColskey; & O’ Sullivan. 2000).
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6. Performance Tests/ Tasks— setting tasks in a way which requires pupils to use
certain skills. Students actually perform the tasks rather than take a paper-and-pencil test to
assess students. It can be demonstrated their competencies. For example, students are
expected to be competent at measurement using different instrument or at using lab
equipment such as microscopes (Harlen. 1999; McColskey; & O’ Sullivan. 2000).

7. Journal— it can reflect students on what they are learning, and foster students’
active involvement in classroom activities. It also used to assess attitude towards science
(McColskey; & O’ Sullivan. 2000).

8. Interactive Student Notebook (ISNs)— ISNs are the spiral notebooks which
consist of two parts; Input (right side) and output (left side). The right side consists of
information received, note, information obtained from text, and lab guides. The left side
consists of students’ interpretation and their reflections see Figure 3. It was used in the
study of Mallozzi (2013).

Moreover, using the formative assessment cycle can help teacher to improve student

performance in science process skills (see Figure 2).
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Source: adapted from The Exploratorium and institute for inquiry. (2006). Workshop

[I: Assessing process skills. A Professional Development Curriculum. p.53 & 73.
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Left side of notebook: Right side of notebook:
Interpretation: Lab Title:
PRE LAB

Safety rules addressed:

Purpose/Problem (research question)

Conceptual Diagram

Why is this important? (relevancy)

Prior knowledge and background information:

State your hypothesis — (What are you claiming?)

Independent Variable:
Dependent Variable:
Control:

Reflection: LAB:

List materials:

Procedures:

Define specific vocabulary or terms you will use...
How will you measure?

How many trials will you perform? Why?

Record observations

Connection:
Data presentation:
Choose how you will represent your data
collection/evidence: data table, graph, etc.

Extension:

Results: Explain your findings (analysis)
I noticed that...
Conclusion: (evidence based on your data) What would
This made me wonder if. .. you change if you did this lab over?

FIGURE 3 Example of an opened interactive student notebook (ISNs)

Source: Mallozzi, Floria. (2013). The Effects of Using Interactive Student Notebooks
and Specific Written Feedback on Seventh Grade Students’ Science Process Skills. Figure 2

p. 11.

Summary:

In this study, formative and summative assessment will be used to evaluate science
process skills. In terms of formative assessment, data will be gathered by observing,
questioning, the performance from given tasks, the experiment report (ISNs), and
communicating. The science process skills test which is constructed by researcher will be

used as the summative assessment.
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3. Inquiry based learning

Inquiry has had a role in school science programs for less than a century (Bybee; &

DeBoer. 1993; DeBoer. 1991 cited in NRC. 1996). Before 1990, most educators viewed
science as a body of knowledge and science was taught by direct instruction. Until in 1909,
John Dewey stated that science is both a body of knowledge and process or method to
learn (National Research Council. 2000). Dewey encouraged K-12 teachers of science to
use inquiry as teaching strategy with rigid scientific method which consisted of six steps:
sensing perplexing situations, clarifying the problem, formulating a tentative hypothesis,
testing the hypothesis, revising with rigorous tests, and acting on the solution. In Dewey’s
model, the student was active, and a teacher role is act as facilitator. Students must address
problems that they want to know and then observe that phenomena (Barrow. 2006).
By the 1950s and 1960s, inquiry was becoming increasingly popular approach to teach
science and the educator, Joseph Schwab was an influential voice to establishing view of
how to learn through active engagement in process of inquiry in science education. He
stated that science should be viewed as conceptual structures that were revised as the
result of new evidence. The evidence should be built to explain and the refinement of
explanations (National Research Council. 2000).

Inquiry is an active learning process which engages students learning with
meaningful (NSES cited in Anderson. 2002; Barrow. 2006: 266). It was used in various fields
of education especially, science. The National Science Education Standards (NESE) stated
that “scientific inquiry is at the heart of science and science learning” (National Research
Council. 1996: 15). The National Science Education Standards (NESE) has given that
scientific inquiry refers to the diverse ways in which scientists study the natural world and
propose explanations based on the evidence derived from their work. Inquiry also refers to
the activities of students in which they develop knowledge and understanding of scientific
ideas, as well as an understanding of how scientists study the natural world (National
Research Council. 1996: 23). It plays as student-center and characterize of inquiry process
is multifaceted activities namely observation, posing questions, examining sources of
information, checking what already known and planning investigation, using tools to gather,

analyze, explanation, interpret data and prediction, and communicating results. Moreover, it
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requires identification of assumptions, use of critical thinking, and consideration of
alternative explanations (National Research Council. 1996).

Consequently, students acquire knowledge and develop a rich understanding of
concepts, principles, models, and theories (National Research Council. 2000). In other
hand, it would say inquiry learning is related investigating, questioning, evidence, and

explanations within a learning context.

3.1 Essential features of science classroom inquiry

Inquiry teaching and learning have five essential features that apply across all
grade levels which National Science Education Standards (NSES) identified are;

1. The learner engages in scientifically oriented questions

2. The learner gives priority to evidence in responding to questions

3. The learner formulates explanations from evidence

4. The learner connects explanations to scientific knowledge

5. The learner communicates and justifies explanations

However, these five features can be varied. It might include the amount of structure
a teacher build into activity or the extent which student design an investigation by them.
Table 4 below shows the details for each feature. Inquiry based teaching and learning
occurs when students' experiences are described by the right-hand column. The degree to
which teachers structure what student do is sometimes referred to as "guided" and students
do by himself/herself referred to "open" inquiry (National Research Council. 2000). The more
“open” the inquiry (that is, the closer to the right column in Table 4), the more responsibility
the teacher takes. The more guided the inquiry (that is, the closer to the left column on Table

3), the more responsibility the students take. The more opened the inquiry.

Variations of Table 3

Less —------------—- Amount of Learner Self-Direction More




TABLE 3 Essential features of classroom inquiry and their variations
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Essential Feature

Variations

1.Learner engage in

Learner engages

Learner sharpens

Learner selects

Learner pose a

scientifically oriented  in question or clarifies among questions,  question
questions provided by question provided  pose new

teacher, by teacher, questions

materials, or other  materials or other

source source
2.Learner gives Learner given Learner given Learner directed Learner

priority to evidence in
responding to

questions

data and told how

to analyze

data and asked to

analyze

to collect certain

data

determines what
constitute

evidence and

collects it
3.Learner formulates Learner provided Learner given Learner guided in  Learner
explanations from with evidence and  possible ways to process of formulates
evidence how to use use evidence to formulating explanation after
evidence to formulate explanations from  summarizing
formulate explanation evidence evidence
explanation
4.l earner connects Learner given Learner directed Learner
explanations to possible toward areas and  independently

scientific knowledge

connections

sources of
scientific

knowledge

examines other
resources and
form the links to

explanations

5.Learner
communicates and

justifies explanations

Learner given
steps and
procedures for

communication

Learner provided
with broad
guidelines to use
to sharpen

communication

Learner coached
in development of

communication

Learner forms
reasonable and
logical argument
to communicate

explanations

Source: adapted from National Research Council. (2000). Inquiry and the National Science

Education Standards: A Guide for Teaching and Learning. Table 2-6. p. 29
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However, more specific on the content standard for science as inquiry:
fundamental abilities necessary to do scientific inquiry for grade 5 — 8 by NRC (2000) are
followed;

1. Identify questions that can be answered through scientific investigations.

2. Design and conduct a scientific investigation.

3. Use appropriate tools and technigues to gather, analyze, and interpret data.

4. Develop descriptions, explanations, predictions, and models using evidence.

5. Think critically and logically to make the relationships between evidence and
explanations.

6. Recognize and analyze alternative explanations and predictions.

7. Communicate scientific procedures and explanations.

8. Use mathematics in all aspects of scientific inquiry.

3.2 Implementing inquiry in science

To implement inquiry in a science class, a teacher needs to understand and
practice it. Basically, it should remembered that not all science concepts can or should be
taught using inquiry. All of essential features probably cannot contain in the learning activity,
but many features are present. It depends on students learning experience. The NSES
suggested that students should have opportunities to participate in all types of inquiries in
the course of their science learning, they also recommended that guided inquiry can best
focus learning on the development of particular science concepts while more open inquiry
will be best opportunities for cognitive development and scientific reasoning.

According to five essential features of classroom inquiry, it has emphasized on
abilities of inquiry, questioning, evidence, and explanation within a learning context. The
NRC (2000) points out that teacher should concern with;

1) Scientifically oriented question:  every inquiry must engage students in a
scientifically oriented question. These questions must be interested in by students, or iin
other words, they will not establish ownership but it must be able to be answered by
students’ observations and scientific knowledge they obtain from reliable sources. The

questions center on objects, organism, and events in the natural world that connect to
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science concepts described in the content standards. “Why” questions cannot be
addressed by science, instead of “How” questions will be narrowed and sharpened the
inquiry and can make more empirical investigation, lead to gathering and using data to
develop explanations for scientific phenomena. Therefore, the teacher plays a significant
role in guiding the identification of questions.

2) Giving priority to evidence: the evidence is subject to questioning and further
investigating, and empirical evidence is a basis for explanations. Consequently, the
evidence gathered should be accurate which can be verified by checking measurements,
repeating the observations, or gathering different kinds of data related to the same
phenomenon.

3) Formulating explanations from evidence to address scientifically oriented
questions: the scientific explanation is based on reason. They provide causes and effects
and establish relationships based on evidence and logical argument. Moreover, even similar
to previous feature, inquiry aspect focuses on the path from evidence to explanation rather
than the criteria for and characteristics of the evidence.

4) Evaluating explanations in light of alternative explanations, particularly those
reflecting scientific understanding: it may be revised by engaging in dialogues, comparing
results, or checking their results with the proposal of a teacher, which leads students
eliminate or revise explanations. This point can ensure that students make the connection
between their results and knowledge appropriate to their level of development. Ultimately,
students explanations should be consisted of currently accepted science knowledge.

5) Communicating and justifying proposed explanation: it provides others the
opportunities to ask questions, examine evidence, identify faulty reasoning, point out
statements that go beyond the evidence, and suggest alternative explanations for the same
observations. These become clear articulation of the question, procedures, evidence,
proposed explanation, review of alternative explanations including existing scientific
knowledge. As a result, students can resolve contradictions and solidify an empirically

based argument.
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Anderson (2002) also recommended that science teachers’ beliefs and values are
related to students, teaching and purposes of education influenced to adoption and

implementation of inquiry in science.

4. The 5Es instructional model

The 5Es model was developed from learning cycle which proposed by J. Myron
Atkin and Robert Karplus in the early 1960s and used in the Science Curriculum
Improvement Study (SCIS). Originally, Karplus began to design the instructional materials
and science teaching based on the theory of Jean Piaget. The SCIS learning cycle
consisted of three phases; exploration, invention, and discovery. Then this learning cycle
was modified to exploration, term introduction, and concept application. After that the
Biological Science Curriculum Study (BSCS) added initial phase designed to engage the
learner’s prior knowledge and a final phase to evaluate the students’ understanding. It was
named as “5E instructional model” which consist of five phases; engagement, exploration,
explanation, elaboration, and evaluation (see Table 4). Since the 1980s, BSCS has used the
5E model as a central innovation in elementary, middle, and high school biology and

integrated science programs (Bybee; et al. 2006).

TABLE 4 Comparisons of SCIS and BSCS instructional models

SCIS Model BSCS 5E Instructional Models

Engagement (new phase)

Exploration Exploration (modified from SCIS)
Invention (Term Introduction) Explanation (modified from SCIS)
Discovery (Concept Application) Elaboration (modified from SCIS)

Evaluation (new phase)

Source: Bybee, Rodger W; et al. (2006). The BSCS 5E Instructional Model: Origins,

Effectiveness, and Applications Executive Summary. Table 2. p. 2.
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4.1 Phases of 5Es instructional model

The 5Es Instructional Model is developed by Science Curriculum Study (BSCS)
consists of five phases; engagement, exploration, explanation, elaboration, and evaluation.
By details are summarized as following (Bybee; et al. 2006):

(1) Engagement — The teacher or a curriculum task accesses the learners’ prior
knowledge and helps them become engaged in a new concept through the use of short
activities that promote curiosity and elicit prior knowledge. The activity should make
connections between past and present learning experiences, expose prior conceptions,
and organize students’ thinking toward the learning outcomes of current activities.

(2) Exploration — Exploration experiences provide students with a common base
of activities within which current concepts (i.e., misconceptions), processes, and skills are
identified and conceptual change is facilitated. Learners may complete lab activities that
help them use prior knowledge to generate new ideas, explore questions and possibilities,
and design and conduct a preliminary investigation

(3) Explanation — The explanation phase focuses students’ attention on a particular
aspect of their engagement and exploration experiences and provides opportunities to
demonstrate their conceptual understanding, process skills, or behaviors. This phase also
provides opportunities for teachers to directly introduce a concept, process, or skill.
Learners explain their understanding of the concept. An explanation from the teacher or the
curriculum may guide them toward a deeper understanding, which is a critical part of this
phase.

(4) Elaboration — Teachers challenge and extend students’ conceptual
understanding and skills. Through new experiences, the students develop deeper and
broader understanding, more information, and adequate skills. Students apply their
understanding of the concept by conducting additional activities.

(5) Evaluation — The evaluation phase encourages students to assess their
understanding and abilities and provides opportunities for teachers to evaluate student

progress toward achieving the educational objectives.
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TABLE 5 The BSCS 5E instructional model: what the student and teacher do

Stage of the

Instructional Model

The BSCS 5E Instructional Model: What they do

Student

Teacher

Engagement Asks questions such as, Creates interest
“Why did this happen?” Generates curiosity
“What do | already know about this?” Raises questions
“What can | find out about this?” Elicits responses that uncover
Shows interest in the topic what the students know or think
about the concept or topic
Exploration Thinks freely, within the limits of the Encourages the students to work
activity together without direct instruction
Tests predictions and hypotheses from the teacher
Forms new predictions and hypotheses Observes and listens to the
Tries alternatives and discusses them with  students as they interact
others Asks probing questions to
Records observations and ideas redirect the students’
Asks related questions investigations when necessary
Suspends judgment Provides time for the students to
puzzle through problems
Acts as a consultant for students
Creates a “need to know” setting
Explanation Explains possible solutions or answers to Encourages the students to

others

Listens critically to others’ explanations
Questions others’ explanations

Listens to and tries to comprehend

explanations that the teacher offers

explain concepts and definitions
in their own words

Asks for justification (evidence)
and clarification from students
Formally clarifies definitions,

explanations,
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Stage of the

Instructional Model

The BSCS 5E Instructional Model: What they do

Student

Teacher

Explanation Refers to previous activities and new labels when needed
Uses recorded observations in explanations  Uses students’ previous
Assesses own understanding experiences as the basis for
explaining concepts
Assesses students’ growing
understanding
Elaboration Applies new labels, definitions, Expects the students to use

explanations, and skills in new but similar
situations

Uses previous information to ask questions,
propose solutions, make decisions, and
design experiments

Draws reasonable conclusions from
evidence

Records observations and explanations

Checks for understanding among peers

formal labels, definitions, and
explanations provided
previously

Encourages the students to
apply or extend the concepts
and skills in new situations
Reminds the students of
alternate

explanations

Refers the students to existing
data and evidence and asks,
“What do you already know?”
“Why do you think ...?”
(Strategies from exploration

also apply here.)
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TABLE 5 (continued)

Stage of the The BSCS 5E Instructional Model: What they do
Instructional Model Student Teacher

Evaluation Answers open-ended questions by using Observes the students as they
observations, evidence, and previously apply new concepts and skills
accepted explanations Assesses students’ knowledge
Demonstrates an understanding or and skills
knowledge of the concept or skill Looks for evidence that the
Evaluates his or her own progress and students have changed their
knowledge thinking or behaviors
Asks related questions that would Allows students to assess their
encourage future investigations own learning and group-

process skills

Asks open-ended questions
such as, “Why do you think
e

“What evidence do you
have?” “What do you know
about x?” “How would you

explain x?”

Source: adapted from Bybee, Rodger W; et al. (2006). The BSCS 5E Instructional Model:

Origins, Effectiveness, and Applications Executive Summary. Table 13-14. p. 33-34.

Summary:

According to the BSCS 5E Instructional Model (integrated to 5E inquiry), in
engagement phase, students need to consider their prior knowledge to response the
scientifically oriented question for making connections. To evaluate process is found only
the last phase of 5E model but do not evaluate in previous phases. During designing the
investigation in the exploration phase, planning is existed by implicit. Even explanation and

elaboration phases, students monitor and plan implicitly their new conceptual
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understanding and skills through new experience to apply in challenge tasks. However,
refer to address the problem of this study which has found problems in laboratory namely;

1) No working plan

2) Do not know how to propose the way to explore

3) Doing wrong procedure

4) Improper use of tools or equipment as required

5) Cannot reflect purpose of experiment

6) Drawing wrong conclusion

7) Cannot discuss about experiment

8) Cannot apply knowledge to daily life

9) Lack tools of science

10) Lack science process skills

For making concrete pursuits, students need to require more plans, monitor, and
frequently reflect their processes in experiment explicitly. Consequently, researcher
considers to use metacognition; in terms of regulation of cognition (consisted of plan,
monitor, and evaluate) to insert into four phases of 5E inquiry. The framework of this study is

based on concept of inquiry and metacognition as shown in Figure 4.
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Rompayom, P. 2010

ISNs with metacognitive:

Strategy embedded

Self-regulated Learning (pre-post- lab discussion)

5 phases; preparatory, awareness and planning

Metacognition

Elicitation strategy

performing the experment, self-control,

and self-assessment

1 Rompayom, P. 2010 5E + Elicitation strategy b S T

2 Simgek; KabapOnar. 2010 Inquiry based Learning

Engagement— + Regulation of cognition

' . **Techniques Using™
3 Koksala, & Berberoglu. 2012 | Guided Inquiry Leaming 9 9

Exploration — + Regulation of cognition

-ISNs (notebook) with

4 Lati; Supasorn._; Promarak. 2012 Inquiry using POE in 1% phase

regulation cognitive:

Explanation — + Regulation of cognition | embedded

5 Yadav; & Mishra. 2013 7E cycle - pre-post lab discussion

etc.

Elaboration — + Regulation of cognition

6 Aydogdua; Buldur ; & Karal. 2013 Open-ended Science Experiment

Evaluation

7 Ogan-Bekiroglu; & Arslan. 2014 Guided Inquiry (control group)

FIGURE 4 The selections of approaches and techniques used to develop science process

skills in previous research

5. Metacognition

The definitions of metacognition are proposed by many researchers based on their
frames. Those frameworks have mentioned about metacognition as two main constituent
parts: metacognitive knowledge and cognitive regulation (Flavell. 1979; Cross; & Paris.
1988; Paris; & Winorad. 1990; Schraw; & Moshman. 1995). Metacognitive knowledge refers
to knowledge about oneself and reflection about the state of ability (Flavell. 1979; Paris; &
Winorad. 1990), understanding factors affecting cognitive and performance (Cross; & Paris.
1988; Schraw; & Moshman. 1995; Schraw; et al. 2006) including knowledge about strategy
(Flavell. 1979) and know how to use and know when or why to use that given strategy
(Schraw; & Moshman, 1995; Schraw; et al. 2006). While cognitive regulation has related to
planning, monitoring or regulating, and evaluating (Paris; & Winorad. 1990; Cross; & Paris.
1988; Schraw; & Moshman. 1995; Schraw; et al. 2006) including metacognitive experience
of Flavell (1979) which refers to the situations stimulate one to think and feel or judgment

about own thinking to require planning or quality control for actions. For instance, you sense
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(metacognitive experience) that you do not yet know a certain chapter in your text well
enough to pass tomorrow's exam, so you read it through once more (cognitive strategy).

Metacognition plays a significant role in various aspects; in oral communication of
information, oral persuasion, oral and reading comprehension, writing, language acquisition,
attention, memory, problem solving, social cognition, and various types of self-control and
self-instruction (Flavell. 1979: 906).

Therefore, Metacognitive instruction is applied for improving students’
metacognitive thinking or “thinking about thinking” which lead to improve students’ skills;
reading skills, problem solving skills, higher-order thinking skills or students’ knowledge
and conceptual understanding. For science education, metacognition have used for study
on both terms of independent and dependent variables. Such as to focus on methods for
fostering learners’ metacognition; to investigate the nature of students’ or teachers’
metacognition; to study the contribution of metacognitive instruction to the development of
learners’ scientific understanding, thinking or skills (Zohar; & Barzilai. 2013).

Schraw and et al (1995; 2006) was the researchers who have been studying on
promoting metacognition in science education. They defined the metacognition as the ability
to reflect upon, understand, and control’s one learning (Schraw; & Dennison. 1994: 460).

According to Schraw (1998) and Schraw and et al., (1995; 2006) defined
metacognition into two main subcomponents:

1. Knowledge of cognition refers to what individuals know about their cognition
and include three subcomponents: declarative, procedural, and conditional knowledge.

1.1) Declarative knowledge— refers to knowledge about oneself as a learner
and about factors influence to learner’s performance;

1.2) Procedural knowledge— refers to knowledge about the execution of
procedural skills, strategies. On other hands, it is known how to do things;

1.3) Conditional knowledge— refers to knowledge of why and when to use
declarative and procedural knowledge.

2. Regulation of cognition refers to a set of activities that help students to control

their learning. It consists of three components; planning, monitoring, and evaluating.
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2.1) Planning— relates to the selection of appropriate strategies and allocation
of resources. In other hands, all plans to be successful in tasks e.g., setting goal, manage
time, prior knowledge.

2.2) Monitoring— refers to one’s on-line awareness of comprehension and task
performance including engage self-testing while learning.

2.3) Evaluation— refers to appraising the products and a regulatory process of

one’s learning.

They indicated that while knowledge of cognition and regulation of cognition are
intercorrelated, it may work together to help students’ self-regulate (Schraw; & Dennison. 1994:466)
Additionally, Schraw and his colleagues (2006) stated that metacognition is related to self-
regulated learning which refers to learners’ abilities to understand and control their learning
environment. Self-regulated learning involves three constituent parts; (1) cognitive which
refer to skills necessary to encode, memories, and recall information which are formed of
simple, problem solving and critical thinking strategy; (2) metacognition refers to skills that
enable learner to understand and monitor their cognitive process in forms of knowledge
cognitive and control of cognitive skills which involves planning, monitoring, and evaluating
of learning; and (3) motivational refers to students’ beliefs in their capacity which is formed
of self-efficacy and personal epistemology beliefs that affect the use and development of
cognitive and metacognitive skills. They also pointed out that to achieve a high level of self-
regulation; each component must have a positive correlation. For example, those who are
motivated but do not possess the necessary cognitive and metacognitive skills often fail to
achieve on self-regulation while individual who possess and are motivated will be achieving

see Figure 5.
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SCIENCE SELF-REGULATION

Self - Regulated Learning

Cognition Metacognition Motivational
Simple Strategy Knowledge of Cognitive Self-efficacy
Problem Solving Regulation of Cognitive Epistemology

Critical Thinking

FIGURE 5 Components of self-regulation learning

Source: Schraw, Gregory; Crippen, Kent J; & Hartley. (2006). Promoting self-
regulation in science education: Metacognition as part of a broader perspective on learning.

Figure 1. p. 113.

By those constituents on Figure 6, Schraw and et al., (2006) believed that
metacognition was an important role in science learning because metacognition enables
individuals to monitor their current knowledge and skills levels, plan and allocate limited
learning resources by efficiency, and evaluate their current learning state. As the results,

they have found out the teaching which promotes metacognition in science.

5.1 Inquiry Learning Influences Metacognition and Self-regulation in Science Education
To promote metacognition in science, Schraw and et al (2006) proposed six
general instructional strategies for improving self-regulation and learning. Those are inquiry,
collaboration, strategies, mental models, technology, and personal beliefs. Those
instructional strategies expressed that inquiry influenced to metacognitive processes
especially in terms of improving explicit planning, monitoring, and evaluating see Table 6.

Schraw and et al., (2006) have emphasized that authentic inquiry can be promoted self-
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regulation in two ways. Firstly, it stimulates students’ active engagement in the learning
process by using cognitive learning strategies and metacognitive strategies to monitor their
understanding. Secondly, it helps to increase motivation to succeed in science by using
modeling, especially predict-observe-explain (POE) (Windschitl. 2002) or question-asking
(Chin; & Brown. 2002: 522) is good modeling for active investigation strategies. In addition,
Davis (2003) and Baird & White (1996 cited in Schraw. 2006) suggested that while students
explore, students should be expected to explain verbally or writing the problem solving
strategies used to solve problems. These can promote self-reflection which is an essential

component of metacognitive understanding and self-regulation.

TABLE 6 The six instructional strategies increase cognitive, metacognitive, and

motivational processes

Cognitive process

Metacognitive process

Motivational process

Inquiry Promote critical thinking through Improve explicit planning, Provides expert modeling
experimentation and reflection monitoring, and evaluation

Collabo-  Model strategies for novices Model self-reflection Provide social support from

ration peers

Strate- Provide variety of strategies Helps students develop Increase self-efficacy to learn

gies conditional knowledge

Mental Provide explicit model to Promote explicit reflection and  Promote radical restructuring

Models  gnalyze evaluation of the proposed and conceptual change

model

Techno- llustrates skills with feedback. Helps students test, evaluate, Provides informational

logy Provides models and simulates and revise models resources and collaborative
data support

Persona Increase engagement and Promote conceptual change Promotes modeling

| Beliefs persistence among students and reflection epistemology characteristic of

expert scientists

Source: Schraw, Gregory; Crippen, Kent J; & Hartley. (2006). Promoting self-regulation in

Table 1. p. 131.

science education: Metacognition as part of a broader perspective on learning.
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5.2 Metacognitive instruction

Zohar & Barzilai (2013) analyzed and identified approaches for infusing
metacognition in instructional practices. Finally, the explicit metacognitive activities which
are designed to raise metacognition are following;

1) Explicit instruction—pedagogical practice which is taken from form of
constructivist practices.

2) Practice and training —refers to repeated training and practice which provide
opportunities to activating and apply knowledge of metacognition and regular of cognition in
multiple tasks, problems, and contexts.

3) Metacognitive prompt— refers to questions, cues, or probes that are introduced
in writing, by the teacher, by student peers, or in a computerized environment, with the aim
of fostering metacognitive thinking.

4) Teacher-led metacognitive discussions—refers to students talk with teacher
about their thinking and learning in order to encourage and develop metacognitive thinking.

5) Student-led metacognitive discussions—refers to metacognitive discussion were
lead and managed by students such as done in planed structured or semi-structured ways.

6) Metacognition writing—refers to writing of journals, reports or short reflections.
These make students have opportunities to reflect on, describe and analyze their thinking
and learning.

7) Metacognition modeling—refers to activities which teacher demonstrates how
he/she activates and applies knowledge of cognition and regulation of cognition in course of
learning, these practices will be the model for students.

8) Concept mapping and other visual representations—refers to using the concept
maps, graphic organisers, flowcharts, and visual representation in order to help students
represent and share their thinking and learning.

9) ICT for metacognitive instruction—refers to digital information and

communication technologies (ICT) were used for teaching and facilitating metacognition.

Schraw recommended that providing explicit prompts helps student improves their

regulation abilities and students probably use a checklist with entries for planning,
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monitoring, and evaluating which also help students get more systemic and strategic during
problem solving (Schraw. 1998). Similarity, providing students with metacognitive questions:
comprehension question, strategy question, and connection questions for completing task.
Comprehension question can encourage students to reflect on a problem before solving it.
Strategy questions can encourage students to think about what strategy might be
appropriate for given task and provide a reason or rationale for that strategy choice.
Connection questions can help students to identify and recognize deep-structure task

attributes (Kramarski; & Mevarech. 2003: 286 -287).

5.3 Improving regulation of cognition

As the studies have reported when student have regulatory skills and understand
how to use those skills in classroom instruction, their learning is improved (Cross & Paris.
1988; King. 1991 cited in Schraw. 1998; Schraw; & Dennison. 1994: 466). To improve
regulation of cognition can be used these ways as follow;

1) Regulatory Checklist (RC)—is a model which was used by King (1991 cited in
Schraw. 1998). It provides an overarching heuristic that facilitates the regulation of cognition
(see an example of RC on Figure 6). He finally concluded that explicit prompt in the form of
checklist can help students to be more strategic and systematic when solving problems
especially enable the novice learners to train a systematic regulatory sequence and help

them to control their performance.



Planning

1.

What is the nature of the task?

2. What is my goal?

3. What kind of information and strategies do need?

4. How much time and resources will | need?
Maonitaring

1. Do | have clear understanding of what | am doing?

2. Does the task make sense?

3. Am | reaching my goals?

4. Dol need to make change?
Evaluating

1. Have | reached my goals?

2. What worked?

3. What didn't work?

4. Would | do things differently next time?

FIGURE 6 A Regulatory checklist

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

Figure 2. p. 121.
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2) Self-monitoring—is used in the study of Delclos and Harrington (1991). The

steps in self-monitoring process were quite similar to use RC of King (1991 cited in Schraw.

1998). The participants were given a booklet of questions to be used as monitoring their

works on each practice problem see Figure 8. The questions were divided in three sections;

before, during, and after students started to build the machine. If any machine did not solve

the given problem when it was tested, the students needed to begin again, repeating those

cycles as the same in another booklet. That study has shown that training with monitor

students’ solution process leads students were getting more effective for solving more

complex problems and less spending time than training without monitoring. An example of

self-monitoring is shown as following;
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Before starting each game:
1. What is the title of the game you are about to play?
2. Are you determinate that you can win this game?
3. Have you looked at the problem carefully and thought about how to solve it?

4. Do you have an adequate background to build this machine? If not, where can you obtain it?

During running ( after building the machine and before running):
1. Did you look for clues that would help you solve this problem? If so, check those used: (a) title of the
game, (b) point values of the targets, (c) other (specify).
2. Did you redefine or clarity the problem? If so, How?

3. Did you break the problem into smaller parts? If so, what did you do?

After running the machine:
1.  How many points did your machine score?
If your machine scored less than 24 points, answer the following:
2. Have you looked for causes of bugs in your machine? (Please do so now.) What caused the bug(s)?
(a) use of the wrong gate(s), (b} a glitch, (c) other.
3. Did you use available debugging tools to find the sources of bugs? If so, which ones did you use?

(a) title of the game, (b) point values of the targets, (c) other.

FIGURE 7 Contents of monitored problem-solving booklets

Source: Adapted by researcher from Delclos, V.R; & Harrington, C. (1991). Effect of

strategy monitoring and proactive instruction on children’s problem-solving performance.

Summary:

Metacognition is defined by many researchers. The present study is designed to
use metacognition definition based on Schraw et al.,, (2006) which consists of two
components; knowledge of cognition (declarative knowledge, procedural knowledge, and
conditional knowledge) and regulation cognition (planning, monitoring, and evaluating). The
regulation cognition will be used to infuse with 5SE model as input of this study. Because of
the 5E model is familiar by Thai's classroom (Science Institute. 2013 cited in Chamrat. 2013:
8) and provides both exploration to learn and also given an opportunity to challenge

students’ understanding in scientific knowledge in elaboration phase.
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However, authentic inquiry learning is strongly influential to metacognition
especially in terms of the regulation of cognition (planning, monitoring, and evaluating). As
during process of inquiry, it needs to monitor and plan or reflect the procedure from the
beginning until last investigation for ensuring the acquired knowledge. In other hand, the
metacognition is allusive in an inquiry processes. However, in the real science classes in
Thailand, it cannot be authentic inquiry or even based on inquiry learning. Most of them
probably can be guided inquiry and less conduct in the elaboration and evaluation phases
(IPST (Biology). 2006). It seems less reflection or monitoring explicitly. As a result, students
do not know what are they doing or cannot draw the conclusions etc. as the addresses of
survey. The students should be given more plans, recheck, and evaluating the processes
by training.

Consequently, this researcher would like to propose the metacognition strategy
embedded in learning inquiry model to improve those problems. The learning model is
designed by infusing regulation of cognition, 5E model, and inquiry learning that show on
Figure 8. Some metacognitive instructions such as metacognitive prompt (regulation
checklist), POE, student-led metacognitive discussions, and so on will be the strategic to
role play on regulation (planning, monitoring, and evaluating). That regulation of cognition
namely planning, monitoring, and evaluating were embedded in four phases of 5E:
engagement, exploration, explanation, and elaboration. That regulation cycle was driven

step by step; planning — monitoring — evaluating.

6. Self-efficacy and self-efficacy in science
6.1 Self-efficacy
Self-efficacy is defined as people’s beliefs about their capabilities to produce
designated levels of performance (Bandura. 1994: 2; 2006: 309) and achieve specific
results (Pajares. 1996: 546). Self-efficacy influences to outcomes of motivation (Bandura.
1994: 4; Zimmerman. 2000: 82; Bong; & Skaalvik. 2003: 10), self-regulatory processes
(Bandura. 1994: 4; Zimmerman. 2000: 87), emotion (Bandura, A. 1994: 2; Bong , M; &

Skaalvik. 2003: 10), cognitive, and performance: it is also a predictor of academic
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achievement (Bong; & Skaalvik. 2003: 10;) such as science achievement and performance
(Britner; & Pajares. 2006; OECD. 2007: 136).

Bandura stated a strong sense of efficacy enhances human accomplishment and
personal well-being in many ways as it influences many aspects of human agency namely:
choice behavior, effort expenditure and persistence, thought patterns and emotional
reactions, and humans as producers for future (Bandura. 1986 cited in Bandura. 1994: 2).

Bandura stated that a strong sense of efficacy enhances human accomplishment
and personal well-being in many ways as it influences many aspects of human agency
namely: choice behavior, effort and persistence, including patterns and emotional reactions.
When high self-efficacy people failed on something they would think about because of
insufficient effort rather than deficient ability and can be quickly recover their sense of
efficacy after failure or setbacks. They can exercise control over them and produce their
own future rather than foretell it. By these attributes produces people who strong perceived
self-efficacy to be an accomplishment, reduces stress, and lower vulnerability to depression.
In contrast, people who doubt their capabilities tend to avoid difficult tasks, tend to believe
that things are tougher than they really are which affect to be a narrow vision to find the
ways to solve problems, feel deficient ability when faced difficult tasks, having low aspiration,
and give up easily. Thus, they tend to fall easy victim to stress and depression

(Bandura.1994: 2).

6.2 Sources of self-efficacy

There are four main sources related to develop level of self-efficacy (Bandura.
1994) and others are given recommends.

1. Mastery experience: it is the most influential to form perceived efficacy
(Bandura. 1994; Pajares. 2005: 296; Britner; & Pajares. 2006: 486). It has been shown that
girls have stronger science self-efficacy than that of boys in middle school (Britner; &
Pajares. 2006: 486). Bandura stated that students perceived their capabilities through their
previous outcomes of experience. Experience success raises confidence while experience
failure raises low confidence. Therefore, strong sense of capabilities required repeat of

success and also be promoted through the overcoming obstacles by much perseverance
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(Bandura. 1994). Consequently, the tasks that teachers have given to students should not
be too easy because if students experience with the only easy success they would expect
quickly and would be easily discouraged by failure (Bandura. 1995: 3).

2. Vicarious experience: the way of creating and strengthening self-efficacy is
through observing others perform tasks. If the similarity between role model and observer is
much, their perceived self-efficacy is strongly influenced. Such as people similarly can be
succeeding by oneself through sustained effort so, the observer's belief that they too
possess capabilities to overcoming (Bandura. 1994; Britner; & Pajares. 2006).

3. Social persuasion: it is the others’ judgments which formed as feedback,
praise, encouragement. Positive feedback and encouragement from influenced others (e.g.
parents, teacher) can be enhanced students’ perceived their efficacy. The negative
feedback affects low self-efficacy and it seems also more influential to their efficacy than
positive feedback (Bandura. 1994). For making positive feedback or praise effectively,
should be parallel with past performance and actually ability. For example, a student who
earns a C on an exam should be encouraged to aim for B+, rather than an A+, on the next
exam (Rittmayer; & Beier. 2009). Moreover, given feedback should be a creative comment
which tell students actual ability with suggestion and enhance them to make effort on tasks.

4. Physiological state: it is referred to physical, emotion, stress, anxiety. People
who interpret his or her own physical state or affective will determine their perceived self-
efficacy belief. The negative physical state or affective would inhibit their performing in tasks
and outcomes. Moreover, the complexities of the task at hand, previous experiences in
similar situations also affect the interpretation of physiological and affective states and then
contribute to forming of self-efficacy (Bandura. 1994; Rittmayer, 2008; Britner; & Pajares.
2006). Some study suggested that teacher should discuss the experience of science —
related anxiety with students by telling them how to control those anxieties as well as

relaxation techniques (SWE-AWE-CASEE ARP. 2008: 3).

6.3 Self-efficacy in science
Self-efficacy has been used in various areas such as mathematics (Usher; &

Pajares. 2009), and language (Pajares; & Johnson. 1996: 171; Raoofi; Tan; & Chan. 2012).
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In science, Britner and Pajares (2006) given science self-efficacy definition as students’
belief to succeed in science performance related to succeeding in science tasks and
activities. It sounds like psychology index to predict how students work hard to complete the
class successfully, their effort and persevere when faced with difficult science tasks, their
engaging or avoiding to doing science related activities (Britner; & Pajares. 2006: 486).

In previous research, some researchers gave science tasks or activities in various
terms such as students’ confidence in their ability to learn course material, ability to achieve
goals in the course, and ability to meet the challenge of performing well in the course
(Schmidt; & Shumow. 2012: 59) and some was set the activities of science self-efficacy as
students’ confidence in conceptual understanding, higher-order cognitive skills, practical
work, everyday application, and science communication (Lin; & Tsai. 2012: 1283 - 1284).
Therefore, science tasks or an activity to measure self-efficacy is dependent on what

researchers focusing on.

Summary:

Self-efficacy is defined and confirmed by many researchers in that it is a good
indicator for evaluation of students’ performance. As a result, it is designed to predict
students’ motivation; the effort includes persistence on tasks and can be used in science
process skills. It is not only predicting students’ performance in investigation of science but
it can predict the trend of science related careers including predict how capabilities or
efforts they hard which involving science and solving problems when they encounter in the
future.

In this study, self — efficacy in science is defined as students’ perception on their
capability in terms of explaining what science lesson they have learnt, design and do
scientific experiment by oneself, using the scientific knowledge they have learnt to solve
problems in daily life, and present or communicate science lesson

Moreover, this study will develop self-efficacy in science by focusing on mastery

experience and also some strategies are required as follow;
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1. To design science tasks and activities from easy to challenge tasks in step by
step. For example, students would be perceived on their capabilities in basic science
process skills at first and will be later challenged with integrated science process skills.

2. To design groups in science class with mixed abilities students because they
can be a role model to each other.

3. To give feedback with creative comment to students about actually ability with
suggestion and enhance them to put more effort on tasks. Positive feedback or praise
effectively will be provided parallel with past performance and actual ability.

4. Students and teacher will discuss about students’ anxiety related to science

tasks.

6.4 The importance of self-efficacy in science

Self-efficacy in science can be used to predict students’ motivation, performance,
science achievement, career orientation, and choosing course-taking (Britner;& Pajares.
2006: 496. Nugent; et al. 2015, OECD. 2016: 136). Pajares (1996) indicated that students
who lack confidence in skills they possess are less likely to engage in tasks and they may
more quickly give up when faced with difficulty.

Previous studies stated that students with low self-efficacy in science may not exert
the effort needed to complete the task and it becomes a self-fulfilling prophecy. Whereas
students who have high self-efficacy in science tend to hate in some cases that more
women than men often underestimate their capability, competence or skill; therefore they
tried to avoided math-related courses and careers (Pajares. 1996b: 340). Moreover, most
students are overconfident about their academic capabilities (Hackett; & Betz. 1989: 268;
Pajares. 1996b: 339) or some study, have reported that girls perform as capable as boys in
various academic tasks but having lower self-efficacy (Pajares; & Margaret. 1996: 172 ).
Likewise, the report of PISA 2006 indicated that Thai students’ science self-efficacy was
higher than the average score of OECD even though their performance in science is lower
than OECD average score (see Figure 9 and Figure 10). Based on the definition of self-
efficacy by Bandura, PISA assessment has measured students’ self-efficacy in science to

be a tool to predict students’ motivation in science. In PISA 2015, the definition of self-
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efficacy in science was referred to future-oriented judgments about students’ competency to
accomplish the particular goals in a specific context which require scientific abilities (OECD.
2016).

However, Bandura indicated that some overestimation of capability is useful as it
increases effort and persistence (Bandura. 1986 cited in Pajares. 1996: 339) and Bandura
also argued that the stronger self-efficacy referred to the more likely person to select
challenging tasks, persist at them, and perform them successfully (Pajares.1996).

Pajares (1996) stated that students should be improved in their calibration more
accurately in self-perception rather than to lower students’ efficacy perception or
discourage their overconfidence. He also suggested that the challenged task for the teacher
is to help students better understand what they know and do not know, so they can more
effectively deploy appropriate cognitive strategies as they perform a task. They finally
accomplish with high confidence and optimism. Similarly, Hackett & Betz (1989) also
suggested that teachers should pay as much attention to students’ perceptions of capability
as to actual capability because that perception may more accurately predict students’

motivation and future academic choices.

Summary:

Students’ perception in science is important to predict their motivation and their
performance, including persistence to overcome the obstacles in science learning. As a
result, the researcher designed the work to find the level of self-efficacy in science and the
correlation with science competencies. Therefore, the calibration should be as accurate as
possible and this study will be set the approaches which improve self-efficacy accurate
perceptions by focusing on mastery experience, Social persuasion, the verbal

praise/feedback will focus on their efforts.



T Index of self-efficacy in science r

“ Explain why earthquakes occur more frequently in some areas than in others.

n Recognise the science question that underlies a newspaper report on a health issue.

Interpret the scientific information provided on the labelling of food items.

n Predict how changes to an environment will affect the survival of certain species.

I3 1dentify the science question associated with the disposal of garbage.

“ Describe the role of antibiotics in the treatment of disease.

Identify the better of two explanations for the formation of acid rain

n Discuss how new evidence can lead you to change your understanding about the possibility of life on Mars.
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FIGURE 8 The report of PISA 2006: index of self-efficacy in science

Source: OECD. (2007). PISA 2006: Science Competencies for Tomorrow’s World

Volume 1. Figure 3.5. p. 135.
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1 Comparison of performance on the different scales in science r

Each scale is between 0 to 9.99 score points higher than the combined science scale
Each scale is between 10 and 19.99 score points higher than the combined science scale
Each scale is 20 or more score points higher than the combined science scale

Each scale is between 0 to 9.99 score points lower than the combined science scale
Each scale is between 10 and 19.99 score points lower than the combined science scale
Each scale is 20 or more score points lower than the combined science scale

Performance difference between the combined science scale and each scale
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Serbia 436 -5.1 52 -10.8 -5.1

Slovenia 519 -1.8 4.0 -2.8 -8.7

Chinese Taipei 532 | 12.7 0.6 7.0

Thailand 421 -7.8 -1.1 2.1 0.2

Tunisia 386 -1.7 -2.2 -3.6 3.8

Uruguay 428 0.5 5.2 0.9 3.4

FIGURE 9 The report of PISA 2006: the comparison of performance on the difference scales

in science

Source: OECD. (2007). PISA 2006: Science Competencies for Tomorrow’s World

Volume 1. Figure 2.13. p. 63.



68

Performance in science and self-efficacy in science

Students reporting self-efficacy in science believe they can perform
the following tasks either easily or with a bit of effort:

Explain why earthquakes occur more frequently in some areas than in others; recognise the science question that
underlies a newspaper report on a health issue; interpret the scientific information provided on the labelling of food
items; predict how changes to an environment will affect the survival of certain species; identify the science question
associated with the disposal of garbage; describe the role of antibiotics in the treatment of disease; identify the better
of two explanations for the formation of acid rain; discuss how new evidence can lead you to change your
understanding about the possibility of life on Mars.

600
= Higher mean performance in Finland Higher mean performance in
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self-efficacy in science C%\‘ 5 self-efficacy in science
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R . Jordan 8 Iceland
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Ind i Tuinisi p 12 Norw;
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300 | self-efficacy in science [=] self-efficacy in science
-1.2 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

Mean index of self-efficacy in science (based on students' self-reports)

FIGURE 10 Performance in science and self-efficacy in science

Source: OECD. (2007). PISA 2006: Science Competencies for Tomorrow’s World

Volume 1. Figure 2.13. p. 136.

6.6 Assessment of self-efficacy in science

Perceived efficacy plays a key role in human functions because it affects behavior
both directly and impact on other determinants such as goals and aspirations, outcome
expectations, affective proclivities, and perception of impediments and opportunities in the
social environment (Bandura. 2000: 75). As it influences to how much effort they put in the
given endeavors, the outcomes they expect on their efforts to produce, how long they

persevere when faced with obstacles, the quality of their emotional life and how much
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stress and depression they experienced, and the life choices they make and
accomplishment they realize (Bandura. 2006: 309).

In the standard methodology, to measure self-efficacy beliefs, individuals are
presented with items portraying different levels of task demands and they rate the strength
of their belief in their ability to execute the requisite activities (Bandura. 2006). The
assessment of general academic self-perceptions of competence, the basic problem with
such assessment is that students must generate these judgments without a clear academic
activity or task in mind. As a result, they generate the judgment by some fashion mentally
aggregating related perceptions that they hope will be related to imagined tasks.
Consequently, the domain-specific assessment is raised. It is more explanatory and
predictive than omnibus measures and preferable to general academic judgment because it
is created questions with specific task such as asking students to provide their confidence
to solve mathematics problem or writing skills (the example questions are shown in Table 9)

Although, it is more preferable but still deficient because scientific, mathematics,
linguistic, literary and artistic academic subdomains differ remarkably in types of
competencies they require. By details of specific assessment efficacy recommendation from
Bandura, using multiple items relate different facets of the same academic subject such as
“l am confident about my ability to do the work in this class” and “I am confident | can
perform as well or better than other in this class”. Then students rate the strength of their
belief in their ability to execute the requisite activities. (See Table 8)

Furthermore, if the purpose of a study is to achieve explanatory and predictive
power especially to establish causal relations between beliefs and outcomes, self-efficacy
judgments should be consistent and tailored to the domain of function and/or task. For
example, the studies which have operationalized mathematics self-efficacy as students’
judgment of their capability to solve math problems, perform math-related tasks, and
succeed in math-related courses so, the mathematics self-efficacy must consist of three
subscales for judgment capabilities. Therefore, students’ confidence to solve mathematics
problems is a more powerful predictor of their ability to solve those problems than their
confidence to perform math-related tasks or their confidence to earn high marks in math-

related course (Pajares. 1996¢).
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Note that the skills required to accomplish the criteria task should be clear to the
participant because to judge the capability requires knowledge of task demands. If students
do not know what demands must be fulfilled in given endeavor, they cannot accurately
judge whether he/she has the requisite capabilities to do so. Finally note the level of
specificity of an efficacy assessment should depend on the complexity of the performance
criteria with which is compared. In other words, to judge competence need not be so
microscopically operationalized that the assessment loses all sense of practical utility
(Pajares. 1996¢). But the criteria task is important: if the criteria task should be a particularly
relevant one such as choice of intention to enroll in science-related courses, self-efficacy
can be tailored to these levels and still remain highly predictive. Some studies compared
students’ confidence with more than one criteria task such as the study of students’
confidence to succeed in math-related courses with three career-related outcomes (Lent;
Lopez; & Bieschke. 1993) or compared with five dimensions for judging students’
confidence in science learning (Lin; & Tsai. 2012). As criterial task affects to the results of
self-efficacy assessment so, Bandura have suggested that characteristic of criterial task in
assessing should be; take place in close temporal proximity, encompass the full range of
criteria task, specificity and correspondence, items be phased in terms of “can” rather than
“will”, and items be phased in term of can “now” rather than can “later” (Pajares. 1996c).
More conditions on specificity of judgment are shown in Figure 11, 12

The scale of strength efficacy beliefs on a 100-point scale, ranging in 10 unit
intervals from 0 (“Cannot do”); through intermediate degrees of assurance, 50 (“Moderately

certain can do”); to complete assurance, 100 (“Highly certain can do”). The instructions and

standard response format are given below (Bandura. 2006).

O 10 20 30 40 50 60 70 80 90 100
Cannot Moderately Highly

do at all certain can do certain can do

Suggestion, scale that use only a few steps should be avoided because they are less

sensitive and less reliable. In other words, people usually avoid the extreme position so a
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scale with only a few steps may, in actual use, shrink to one or two points. Including too few
steps loses differentiation information because people who use the same response category
may differ if intermediate steps were included (Bandura. 2006). Likewise the identified of
Pajares; Harley; & Valentine (2001) that an efficacy scale with 0-100 response format is a
stronger predictor of performance than one with a 5-interval scale. However, many studies
of science self-efficacy assessment have not used 0-100 response format but using the
scale with a b-interval scale: strongly agree, agree, somewhat agree and somewhat
disagree, disagree, and strongly disagree (Baldwin; Ebert-May; & Burns. 1999; OECD.
2007; Lin; & Tsai. 2012) and A 9-point scale was chosen for the response format, where 1
corresponded to very poorly and 9 corresponded to very well. A higher score on this scale

indicated higher self-efficacy in chemistry (Uzuntiryjaki; Capa. 2009).

Summary:

There are ways to construct and assess specificity of self-efficacy. However, the
previous research on students’ self-efficacy in science is not often seen this might be
insufficient to fully understand in students' learning science. Consequently, this study is
focusing on students’ perception their capability in science in terms of explaining what
science lesson they have learnt, design and do scientific experiment by oneself, using the
scientific knowledge they have learnt to solve problems in daily life, and present or
communicate science lesson. As the study will be conducted in seventh grade students,
self-efficacy test is developed by researcher which a 5-point scale is chosen for the

response format.
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TABLE 7 Items used measure various self-efficacy constructs

Source

Sample question or direction

Answer options

Collective efficacy

(Bandura, 1993)

Please indicate your confidence that
you attain the following grade level

gains with the students in your class
this year. [gain

in 2-month increments presented]

0 (no confidence at all) to 10

(certain | can do), in intervals of 1

Self-efficacy for
performance of division
problems (Schunk,

1981)

[Division problem shown for 2
seconds] Circle the number on the
line that matches how sure you are
that you could work problems like
those shown and get the right

answers.

10 (not sure) to 100 (really sure),

in intervals of 10

Self-efficacy for
reading tasks

(Shell et al., 1995)

How confident are you that you can
perform each of the following reading
tasks? [18 tasks presented—e.g.,

“read a letter from a friend”]

1 (’'m sure | can) to 5 (I'm sure |
can't), in intervals of

1

Self-efficacy for
academic achievement

(Bandura, 1989)

How well can you...? [completed by 9
academic domain—e.g.,
“learn general mathematics, learn

reading and writing language skills”]

0 (not well at all) to 7 (very well),

in intervals of 1

Self-efficacy for
learning (Schunk,

1996)

[Students are presented with sample
mathematics problems or
reading/writing tasks for a brief time.
They are asked to provide a
confidence judgment to correctly
solve the problems, perform

paragraph writing tasks etc.]

10 (not sure) to 100 (really sure),

in intervals of 10




ON CORRESPONDENCE BETWEEN JUDGMENT AND OUTCOME

Sell-efficacy Should be Consistent with and Tailored to the Performance Outcome With Which it is Compared - To achieve
explanatory and predictive power, efficacy measures must be tailored to domains of functioning and represent gradations of task
demands within those domains. Causal processes are best clarified by microanalytic measures of efficacy beliefs tailored to the
domain of functioning being explored. .

Capabilities Assessed and Tested Should Match - The structure of the relation between efficacy beliefs and action requires that both
events tap similar capabilities. .

Skills Required to Aecomplish the Criterial Task Should be Clear to the Participant - Judgments of self-efficacy require
knowledge of task demands. If one does not know what demands must be fulfilled in a given endeavor, one cannot accurately judge
whether one has the requisite capabilities to do so.

When Criterial Task is Unknown, Self-efficacy Assessment with Generalized Measure Resulis in Loss of Predictive Power -
When the situations people ate likely to encounter are not fully known, one would do better predicting from perceived efficacy for

common than for unusual situational demands. It should be noted, however, that efficacy predictiveness for common conditions is
gained at the loss of some predictiveness for conditions within the same general context that have fewer common features.

Adapted from Albert Bandura (in prass)
Self-Efficacy: The Exercise of Conirol

ASSESSING SELF-EFFICACY AND CRITERIAL TASK

High-stakes Assessmenis are Preferable - Individuals may possess the requisite skills and a strong sense of efficacy that they can
execute them welt, but choose not to perform the activities because they have no incentive to do so. Situations in which misjudpments
of capabilities carmy no consequences provide litle incentive for serious appraisal of personal efficacy

Assessments Should Take Place in Close Temporal Proximity - The existing relation between efficacy beliefs and action is most
accurately revealed when they are measured in close temporal proximity. The eloser in time the better the test for causation.

Self-efficacy Assessment Should Encompass the Full Range of Criterial Task - Self-efficacy theory is often tested not on a
completely unfounded factor, but on one that exerts only partial influence over the behavior of interest.

Specificity and Correspondence - Causal processes are best clarified by microanalytic measures of self-efficacy beliefs that are
tailored to the domain of functioning being explored.

Items Should be Phrased in Terms of Can rather than Wil - The items are phrased in terms of can rather than wilf. Can isa
judgment of capability; will is 2 statement of intention.

Items Should be Phrased in Terms of Can Now rather than Can Later - People are asked to judge tneir operative capabilities as of
now not their potential capabilities or their expected future capabilities.

Adapted from Albert Bandura (in press)
SelfEfficacy: The Exercise of Control

FIGURE 11 Note of constructing self-efficacy assessment

Source: Pajares, Frank. (1996c¢). Assessing self-efficacy beliefs and academic

outcomes: The case for specificity and correspondence. Table 1. p. 13- 16.
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ON SPECIFICITY OF JUDGMENT

Omnibus Measures are Problematic - Omnibus measures create problems of predictive relevance as well as obscurity about what is
being assessed,

General Academic Judgments are Problematic - When an academic domain is unspecified, students have to come up with a single
Jjudgment of their capabilities from the scholastic activity that happens to spring to mind at the moment. guess about the scholastic
activity the assessor had in mind, or engage in subjective weighting and apgregation across diverse subject matters,

Domain-specific Judgments are Preferable to Generalized Judgments but Inferior to Task-specific Judgments - A self-efficacy
measure cast in terms of a peneral academic domain is more explanatory and predictive than an omnibus measure but still deficient
because scientific, mathematics, linguistic, literary and artistic academic subdomains differ markedly in the types of competencies they
require.

Academic Domain-specific Assessments Using Multiple Items Restating Different Facets of the Same Domain are Problematic
- ltems that measure perceived self-efficacy for different facets of the same domain cannot be treated as equivalent. Restricting items
to those that correlate highly with each other may produce a self-efficacy scale that measures redundantly only a segment of the
intended domain, and a narrow range of the segment at that,

Particularized Judgments are the Most Predictive Assessments - Efficacy beliefs should be measured in terms of particularized
judgments of capability that may vary across realms of activity, different levels of task demands within a given activity domain, and
under different situational circumstances. Major progress in understanding how personal factors operate in causal structures requires
explicit measurement of the particular personal determinants that are germane to given spheres of functioning.

Particularized Level of Generality Should be Determined by the Nature of the Criterial Task - Self-efficacy is commonly
misconstrued as concerned solely with “specific behaviors in specific situations.” Domain particularity need not mean behavioral
specificity. Efficacy beliefs are multifaceted and contextual, but the level of generality of the efficacy items within a given domain of
functioning varies depending on the degree of situational resemblance and foreseeability of task demands. Bur regardiess of the level
of generality, in no case are the efficacy items diseribodied from contexts and level of task demands.

Adapted from Albert Bandura (in press)
Self-Efficacy: The Exercise of Conirol

FIGURE 12 Note of constructing self-efficacy on correspondence between judgment and

outcome

Source: Pajares, Frank. (1996c¢). Assessing self-efficacy beliefs and academic

outcomes: The case for specificity and correspondence. Table 1. p. 14.
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7. Science competency
Competency refers to a description of a particular mental ability or skill students are
expected to learn. There are three main competencies required for evaluating students’
science literacy in PISA 2015 framework by details are shown below (OECD. 2013: 14 - 17);
Competence 1: Explain phenomena scientifically
Recognize, offer and evaluate explanations for a range of natural and
technological phenomena demonstrating the ability to: Recall and apply appropriate
scientific knowledge; Identify, use and generate explanatory models and representations;
Make and |justify appropriate predictions; Offer explanatory hypotheses; Explain the
potential implications of scientific knowledge for society.
Competence 2: Evaluate and design scientific enquiry
Describe and appraise scientific investigations and propose ways of addressing
questions scientifically demonstrating the ability to: Identify the question explored in a given
scientific study; Distinguish questions that are possible to investigate scientifically; Propose
a way of exploring a given question scientifically; Evaluate ways of exploring a given
question scientifically; Describe and evaluate a range of ways that scientists use to ensure
the reliability of data and the objectivity and generalizability of explanations.
Competence 3: Interpret data and evidence scientifically
Analyze and evaluate scientific data, claims and arguments in a variety of
representations and draw appropriate conclusions demonstrating the ability to: Transform
data from one representation to another; Analyze and interpret data and draw appropriate
conclusions; ldentify the assumptions, evidence and reasoning in science-related texts;
Distinguish between arguments which are based on scientific evidence and theory and
those based on other considerations; Evaluate scientific arguments and evidence from

different sources (e.g. newspaper, internet, journals)

7.1 Assessment of science competence
To assess students’ science literacy, the PISA 2015 framework has categorized six
levels of science competencies for evaluating. The six levels of competencies are shown in

Table 8.
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TABLE 8 Initial draft reporting scale proposed for PISA 2015

level

Descriptor

At Level 6, students are able to use content, procedural and epistemic knowledge to
consistently provide explanations, evaluate and design scientific enquiries and interpret
data in a variety of complex life situations that require a high level of cognitive demand.
They can draw appropriate inferences from a range of different complex data sources, in a
variety of contexts and provide explanations of multi-step causal relationships. They can
consistently distinguish scientific and non-scientific questions, explain the purposes of
enquiry, and control relevant variables in a given scientific enquiry or any experimental
design of their own. They can transform data representations, interpret complex data and
demonstrate an ability to make appropriate judgments about the reliability and accuracy of
any scientific claims. Level 6 students consistently demonstrate advanced scientific
thinking and reasoning requiring the use of models and abstract ideas and use such
reasoning in unfamiliar and complex situations. They can develop arguments to critique and
evaluate explanations, models, interpretations of data and proposed experimental designs

in a range of personal, local and global contexts.

At Level 5, students are able to use content, procedural and epistemic knowledge to
provide explanations, evaluate and design scientific enquiries and interpret data in a variety
of life situations in some but not all cases of high cognitive demand. They draw inferences
from complex data sources, in a variety of contexts and can explain some multi-step causal
relationships. Generally, they can distinguish scientific and non-scientific questions, explain
the purposes of enquiry, and control relevant variables in a given scientific enquiry or any
experimental design of their own. They can transform some data representations, interpret
complex data and demonstrate an ability to make appropriate judgments about the
reliability and accuracy of any scientific claims. Level 5 students show evidence of
advanced scientific thinking and reasoning requiring the use of models and abstract ideas
and use such reasoning in unfamiliar and complex situations. They can develop arguments
to critique and evaluate explanations, models, interpretations of data and proposed

experimental designs in some but not all personal, local and global contexts.

At Level 4, students are able to use content, procedural and epistemic knowledge to
provide explanations, evaluate and design scientific enquiries and interpret data in a variety
of given life situations that require mostly a medium level of cognitive demand. They can

draw inferences from different data sources, in a variety of contexts and can explain causal
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TABLE 8 (continued)

level

Descriptor

relationships. They can distinguish scientific and non-scientific questions, and control
variables in some but not all scientific enquiry or in an experimental design of their own.
They can transform and interpret data and have some understanding about the confidence
held about any scientific claims. Level 4 students show evidence of linked scientific thinking
and reasoning and can apply this to unfamiliar situations. Students can also develop simple
arguments to question and critically analyze explanations, models, interpretations of data

and proposed experimental designs in some personal, local and global contexts.

At Level 3, students are able to use content, procedural and epistemic knowledge to
provide explanations, evaluate and design scientific enquiries and interpret data in some
given life situations that require at most a medium level of cognitive demand. They are able
to draw a few inferences from different data sources, in a variety of contexts, and can
describe and partially explain simple causal relationships. They can distinguish some
scientific and nonscientific questions, and control some variables in a given scientific
enquiry or in an experimental design of their own. They can transform and interpret simple
data and are able to comment on the confidence of scientific claims. Level 3 students show
some evidence of linked scientific thinking and reasoning, usually applied to familiar
situations. Students can develop partial arguments to question and critically analyze
explanations, models, interpretations of data and proposed experimental designs in some

personal, local and global contexts.

At Level 2, students are able to use content, procedural and epistemic knowledge to
provide explanations, evaluate and design scientific enquiries and interpret data in some
given familiar life situations that require mostly a low level of cognitive demand. They are
able to make a few inferences from different sources of data, in few contexts, and can
describe simple causal relationships. They can distinguish some simple scientific and non-
scientific questions, and distinguish between independent and dependent variables in a
given scientific enquiry or in a simple experimental design of their own. They can transform
and describe simple data, identify straightforward errors, and make some valid comments
on the trustworthiness of scientific claims. Students can develop partial arguments to
question and comment on the merits of competing explanations, interpretations of data and

proposed experimental designs in some personal, local and global contexts.
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TABLE 8 (continued)

level Descriptor

1a At Level 1a, students are able to use a little content, procedural and epistemic knowledge to

provide explanations, evaluate and design scientific enquiries and interpret data in a few
familiar life situations that require a low level of cognitive demand. They are able to use a
few simple sources of data, in a few contexts and can describe some very simple causal
relationships. They can distinguish some simple scientific and non-scientific questions, and
identify the independent variable in a given scientific enquiry or in a simple experimental
design of their own. They can partially transform and describe simple data and apply them
directly to a few familiar situations. Students can comment on the merits of competing
explanations, interpretations of data and proposed experimental designs in some very

familiar personal, local and global contexts.

1b At Level 1b, students demonstrate a little evidence to use content, procedural and
epistemic knowledge to provide explanations, evaluate and design scientific enquiries and
interpret data in a few familiar life situations that require a low level of cognitive demand.
They are able to identify straightforward patterns in simple sources of data in a few familiar
contexts and can offer attempts at describing simple causal relationships. They can identify
the independent variable in a given scientific enquiry or in a simple design of their own.
They attempt to transform and describe simple data and apply them directly to a few

familiar situations

Source: OECD. 2013. PISA 2015 Draft science framework. Figure 27. p. 48 - 49.
**[Note: Currently these descriptors should be seen as a hypothesis. When the field trials

have been conducted, the data will enable these descriptions to be refined]

As the scale of science competencies assessment has mentioned about the levels
of cognitive demand namely low, medium, and high which will be required for evaluating,
the details of each item is given meaning as follow (OECD. 2013: 42):

Low (L) — Carry out a one-step procedure, for example recall of a fact, term,

principle or concept or locating a single point of information from a graph or table.
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Medium (M) — Use and application of conceptual knowledge to describe or explain
phenomena, select appropriate procedures involving two or more steps, organize/ display
data, interpret or use simple data sets or graphs.

High (H) — Analyze complex information or data, synthesis or evaluate evidence,
justify, reason given various sources, develop a plan or sequence of steps to approach a

problem.

Summary:

These competencies in PISA 2015; explain phenomena scientifically, evaluate and
design scientific inquiry, and interpret data and evidence scientifically will be adapted to be
a science competencies assessment in this study. Although, the review literature showed six
level scales of science competencies assessment but researcher chose only three main
level to evaluate students’ performance by observation while students doing the learning

activities such as doing the experiment, react in the class and discussion.

Based on all review the literature. It could be the framework below;

Theoretical framework

According to the learning model development based on the problems found in
science classroom, students lack science process skills and have less concern/awareness
while learning. Additionally, researcher has found that lacking of science process skills and
having less concern/awareness while learning might affect to students’ achievement on
science literacy as the science process skills are a part of PISA 2006 framework and in the
procedural knowledge of PISA 2015 framework. Moreover, the PISA 2006 report showed
Thai students’ achievement on science literacy (which was measured through three science
competencies) had not consistent with their perceived in capabilities (self-efficacy in
science); low mean score of achievement but high level of self-efficacy in science. It could
be concluded that three problems are needed to be solved; namely lacking science

process skills and having less concern/awareness while learning, low achievement on
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science literacy, and the correlation between science self-efficacy and science literacy
achievement.

Therefore, those problems addressed lead to develop the metacognitive strategies
embedded in inquiry learning model which was infused between 5E inquiries and
metacognition in terms of regulation of cognition (or metacognitive strategies). The
regulation of cognition consists of planning (P), monitoring (M), and evaluating (E) and these
become the sub-step cycle in the 5E phases model. The sub-step cycle is driving in four
phases of 5E model, namely engagement-P-M-E, exploration-P-M-E, explanation-P-M-E,
elaboration-P-M-E, and evaluation phase. The details related to each component are

described as following;

The 5E instructional learning model

The 5Es Instructional Model is developed by Science Curriculum Study (BSCS)
consisting of five phases; engagement, exploration, explanation, elaboration, and evaluation.
The details are summarized as following (Bybee; et al. 2006):

(1) Engagement - to access the learners’ prior knowledge and help them become
engaged in a new concept through the use of short activities that promote curiosity and
elicit prior knowledge.

(2) Exploration — to provide students with a common base of activities within which
current concepts (i.e., misconceptions), processes, and skills are identified and conceptual
change is facilitated. Students may complete lab activities to generate new ideas.

(3) Explanation- to provide students opportunities to demonstrate their conceptual
understanding, process skills, or behaviors. Teachers also directly introduce a concept,
process, or skill. An explanation from the teacher or the curriculum may guide them toward
a deeper understanding.

(4) Elaboration - to provide task students in order to apply or extend conceptual
understanding and skills through new experiences.

(5) Evaluation - to assess understanding and abilities by themselves and teachers
can evaluate student progress toward the learning objectives.

The 5Es Instructional Model is familiar to Thai teachers.
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Inquiry-based learning

Inquiry is an active learning process which engages students learning with
meaningful (NSES cited in Anderson. 2002; Barrow. 2006: 266). It refers to the ways which
scientists study the natural world and propose explanations based on the evidence derived
from their work, the activities of students develop knowledge and understanding of scientific
ideas and understanding of how scientists study the natural world (National Research
Council. 1996: 23). Inquiry teaching and learning have five essential features: engaging in
scientifically oriented questions, giving priority to evidence in responding to questions,
formulating explanations from evidence, connecting explanations to scientific knowledge,
and communicating and justifying explanations. Its characterize processes are multifaceted
activities; observation, posing questions, investigation, using tools to gather and analyze,
explanation, and communicating results. Therefore, inquiry leads students acquire
knowledge and develop a rich understanding of concepts, principles, models, and theories.

Previous studies showed inquiry learning improve students’ science process skills
(Simsek; &KabapOnar. 2010; Koksala; &Berberoglu. 2012; Lati.;Supasorn; Promarak. 2012;
Yadav; & Mishra. 2013; Aydogdua; Buldur; & Kartal. 2013; Ogan-Bekiroglu; & Arslan. 2014;
Chairam; Klahan; & Coll. 2015). Since inquiry learning processes require students to use
science process skills and students have to plan and understand the processes in order to
accomplish the investigation, Schraw and et al. (2006) stated that metacognitive strategies
can foster inquiry instructional in terms of expressing explicit planning, monitoring, and
evaluating especially authentic inquiry can be promoted by metacognitive strategies. It
stimulates students' active engagement in learning process in terms of using metacognitive
strategies to monitor their understanding.

Consequently, inquiry learning is infused by explicit step of planning-monitoring-
evaluating which aim to enhance more clearly learning process to solve their less concern
while learning. As a result, students learn through the explicit step of planning-monitoring-
evaluating in 5E inquiry cycle. Finally, the explicit step of planning-monitoring-evaluating is
infused since engagement phase (E1) until elaboration phase (E4). However, it is not
infused in the evaluation phase (E5) because this phase aims to evaluate process and

product of learning.


http://www.sciencedirect.com/science/article/pii/S1877042810002107
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Metacognition

The definition of metacognition is proposed by many researchers; however it
consists of two main parts: metacognitive knowledge and cognitive regulation.

Schraw and et al. (1994; 1995; 2006) have defined the metacognition in science
education as the ability to reflect upon, understand, and control one’s learning which is
consisted of two main components; 1) knowledge of cognition refers to what individuals
know about their cognition and includes three subcomponents: declarative, procedural, and
conditional knowledge which are referred to know about oneself or task, know how to deal
with or choosing the strategy, and know when or why certain strategies have to be used,
respectively, and 2) knowledge about regulation of cognition refers toa set of activities that
help students to control their learning. It consists of three components, namely planning,
monitoring, and evaluating.

Metacognitive skills lead students set the learning goals, manage the learning
environment by themselves and to apply strategies effectively to study. Moreover, it enables
students to choose and make proper use of study strategies, then become conscious and

controllable activities (Pressley; et al. 1983 cited in Cera; Mancini;&Antonietti. 2013)

Self-efficacy

Self-efficacy is defined as people’s beliefs about their capabilities to produce
designated levels of performance (Bandura. 1994: 2; 2006: 309). It influences to outcomes
of motivation (Bandura. 1994: 4; Zimmerman. 2000: 82; Bong; &Skaalvik. 2003: 10), self-
regulatory processes (Bandura. 1994: 4; Zimmerman. 2000: 87), emotion (Bandura, A. 1994:
2; Bong , M; &Skaalvik. 2003: 10), cognitive, and academic achievement (Bong; &Skaalvik.
2003: 10;) such as science achievement and performance (Britner; &Pajares. 2006; OECD.
2007: 136; Nugent; et al. 2015).

Britner and Pajares (2006) define science self-efficacy as students’ belief to
succeed in science performance related to succeeding in science tasks and activities. It
predicts how students work hard to complete the class successfully, their effort and

persevere when faced with difficult science tasks, their engaging or avoiding to doing
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science related activities (Britner; &Pajares. 2006: 486). PISA assessment has measured
students’ self-efficacy in science to be a tool to predict students’ motivation in science.

The level of self-efficacy can develop by four sources including mastery experience
related to accomplish or failure experience, vicarious experience related to others
performing task/ role model, physiological state related to physical, emotion, stress, anxiety,
and social persuasion related to feedback from others. Moreover, this study includes
students’ monitoring and evaluating their performances while doing whole class discussion
as persuasion. The most influential source is mastery experience that can be developed by
authentic inquiry-oriented science investigations especially during middle school provide
mastery experience necessary to develop strong science self-efficacy beliefs
(Britner;&Pajares. 2006).

Furthermore, certain studies suggested that metacognitive skills help to develop a
greater sense of self-efficacy (Cera; Mancini;& Antonietti. 2013: p. 133-134). Meanwhile, the
research work showed that self-efficacy has relationship with metacognitive skills; strong
self-efficacy leads students use more metacognitive skills in learning (Stanton; et al. 2015:
1510); if they believe they cannot do it or have to work harder. It then leads them give up.

On the other hand, lack of metacognitive knowledge leads students cannot
accurately judge what they know and, more importantly what they do not know then
overestimate their performance. If students believe they have mastered concepts, it may

lead them to underprepare for an exam (Stanton; et al. 2015: 155).

Science process skills
A Process Approach (SAPA) which was established by the American Association for
the Advancement of Science (AAAS) defines science process skills as a set of broadly
transferable abilities to carry out in many science disciplines and reflective of the working
process of scientists. The SAPA has categorized process skills into eight basic and five
integrated processes. The basic science process skills (BSPS) include observing,
classifying, using numbers, measuring, space/time relationships, communicating, predicting,

and inferring. The integrated science process skills (ISPS) which is more complex include



84

defining operationally, formulating hypotheses, interpreting data, controlling variables, and
experimenting (Sanderson&Kratochvil. 1971: 34; Padilla.1990; Sheeba. 2013).

Science process skills is called as the core skills for learning science (Sheeba.
2013; Harlen.1999) and the development of scientific process skills has to be a major goal
of science education. At present, it is acknowledged in curriculum statements worldwide
(Harlen. 1999). It provides students to investigate the evidence to conclusion and emerging
of scientific knowledge. Mastery of science process skills enables students to understand,
at a much deeper level, expansion their concepts (small idea) to explain the phenomena
(big idea) reasonably (Harlen. 1999; Keil; Haney;&Zoffel. 2009). Previous studies have
shown positive correlation between science process skills and science achievement (Ong
Saw Lan. 2006; Aydogdu. 2007). However, it was found no correlation in the study of
R.Gokul Raj & S.Nirmala Devi (2014). Moreover, no study showed the correlation between
science process skills and science competencies, therefore; this study aims to study its

correlation.

Science competencies

Referred to science literacy of PISA 2015 framework, competency is defined as a
description of a particular mental ability or skill students are expected to learn which are
included three main competencies required to evaluate students’ science literacy; 1)
Explain phenomena scientifically, 2) Evaluate and design scientific enquiry, and 3) Interpret
data and evidence scientifically (OECD. 2013: 14 - 17). Additionally, PISA 2006 and PISA
2015, the year focusing on science literacy measurement calculated the correlation between
self-efficacy in science and science literacy achievement. Those reports of PISA revealed
that Thai students’ means score of self-efficacy in science had no correlation with science
literacy achievement (OECD. 2007: 135; OECD. 2016; 137-140); low mean scores of
achievement but high level of self-efficacy in science. It is weakly predicable on students’
motivation on science. Thus, this study using the learning model aims to adjust the
consistency between students’ self-efficacy in science and their performance as well and
then calculated its correlations is conducted.

Based on review, the theoretical framework of this study is showed in Figure 13.
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CHAPTER 3
METHODOLOGY

This chapter described the details of research methodology which present the
stages of development and the evaluating metacognition strategy embedded in inquiry
learning model. This study was conducted by following these processes:

Stage 1: Preparation

1.1 Teachers’ opinions related science classroom problem
1.1.1 Research methodology
1.1.2 Population and participants
1.1.3 Research instrument and data collection
1.1.4 Data analysis
1.2 An exploration of students’ level of science process skills
1.2.1 Research methodology
1.2.2 Population and participants
1.2.3 Research instrument and data collection
1.2.4 Data analysis
Stage 2: Development of learning model and research instruments
2.1 Developing the metacognition strategy embedded in inquiry learning model
2.2 Developing research instruments
2.3 Developing the lesson plans and instructional materials
2.4 Conducting a pilot study
Stage 3: Evaluation the effectiveness of the learning model
3.1 Research methodology
3.2 Population and participants
3.3 Research instrument and data collection

3.4 Data Analysis
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This study consists of three stages: preparation, development of learning model

and research instruments, and evaluation the effectiveness of the learning model stage.

By details of each stage is summarized in the Figure 14.

Stages

Procedures

Instruments

v

1.1 Exploration of teachers’ opinions

related science classroom problem

Teacher questionnaire

1. Preparation % =
Science process skills test
1.2 Exploration of lower secondary
school students’ science process skills
in Bangkok
v
2. Development of 2.1 Review literature
learning model 2.2 Developing learning model and
and research research instrument
instruments - 2.3 Verifying learning model and g IOC by the experts
research instruments by experts and
revising
2.4 Piloting research instrument and
analyzing
2.5 Conducting a pilot study
2.6 Revising learning activities
v
3. Evaluation the 3.1 Implementing the metacognition Learning model
effectiveness of the strategy embedded in inquiry learning Lesson plan
e 1-p

learning model

model

3.2 Evaluating participants’
performances

3.3 Data analysis

Science Process Skills Test
Self-efficacy in Science Test

Science Competencies Test

FIGURE 14 Overview of the study
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Stage 1: Preparation
1.1 Exploration of teachers’ opinions related science classroom problems

According to the OECD, Thai students were placed at below the mean scores of
the PISA measurement (OECD. 2007). Moreover, the Ordinary National Educational Test (O-
NET) which evaluated the quality of education at the national level based on the Basic
Education Core Curriculum B.E. 2551 (A.D. 2008) indicated that grade nine Thai students’
mean scores in science were placed among the lowest among the other subjects. The
results of science mean scores of Thai students during the year B.E. 2554-2556 were; 32.19,
35.37, and 37.95 respectively (National Institute of Educational Teaching Service. 2013). To
solve problem of Thai students’ achievement, the context of science learning in the
classroom had to be known. Teaching-learning activity is one of the issues that affected
students’ learning and conceptual development. The actions and details of classroom
atmosphere affected science learning could be explained by teacher. Therefore, researcher
conducted this study to investigate the science learning problems through science teacher.

Based on PISA Thailand criteria of sampling, all nine areas were selected and each
area consisted of having O-NET test scores of academic year B.E. 2556(A.D. 2013) at high,
moderate and low levels. Those nine areas throughout Thailand were upper northern, lower
northern, upper northeastern, lower northeastern, west, eastern, southern, central, and
Bangkok of Thailand. The schools were located in rural area, city and big city areas.

1.1.1 Population and participants

The population included science teachers who taught grade eight students in
public schools all over Thailand.

The participants were 36 science teachers who taught grade eight students and
were willing to respond to the given question from 36 schools located in nine areas based
on PISA Thailand criteria of sampling. Four science teachers were from each area. They
were selected by cluster random sampling.

1.1.2 Research instrument and data collection

Data was collected by opened-question “What problems have mostly found in
your science classroom?” Five teachers were interviewed via telephone for obtaining more

details and for the reliability of the data. Those teachers were from five schools which
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placed at different school achievement and located both urban and rural area of upper
northeastern, lower northeastern, upper northern, southern, and Bangkok areas.
1.1.3 Data analysis

Data was analyzed by content analysis. Teachers’ answers were grouped into
five groups. Findings, the highest problem found in science classroom was problem related
students’ behavior (38.46%) and the second was students’ lacking of science process skills
and less awareness while doing the experiment (35.89%) while problem related students’
language ability (5.13%), lacking of laboratory equipment (10.26%) and curriculum (10.26%)

were revealed (seeing in Chapter 4 for more details).

Although problems related students’ behavior had found the highest percentage
but it had many factors affecting and needed long time to shape and change. Therefore,
researcher continued to solve the problem related students' science process skills and their
awareness because it is crucial in science education.

In addition, the problem related students’ lacking of science process skills and
were not aware while learning were hypothesized to affect to students’ achievement on
science literacy. According to the PISA 2015 framework that showed that, scientific literacy
was assessed through three competencies; explain phenomena scientifically, evaluate and
design scientific enquiry, and interpret data and evidence scientifically (OECD. 2013: 7).
However, those competencies were made in such a way that 15-year-old students could
reasonably use three knowledge included content knowledge, procedural knowledge, and
epistemic knowledge to apply their scientific knowledge in the context of their life situations;
personal, local/national, and global level. In terms of procedural knowledge referred to the
procedures and strategies used in all forms of scientific enquiry and in details has related to

science process skills which were shown in Table 9.
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Details of Procedural Knowledge

Science Process Skills

The concept of variables including dependent, independent and

control variables

Defining variables

operationally

Concepts of measurement e.g., quantitative [measurements], Observing,
qualitative [observations], the use of a scale, categorical and Classifying
continuous variables

Ways of assessing and minimizing uncertainty such as repeating Measuring

and averaging measurements

Experimenting

Mechanisms to ensure the reliability (closeness of agreement
between repeated measures of the same quantity) and accuracy
of data (the closeness of agreement between a measured quantity

and a true value of the measure)

Measuring

Common ways of abstracting and representing data using tables,

graphs and charts and their appropriate use

Communicating

Interpreting data

The control of variables strategy and its role in experimental design
or the use of randomized controlled trials to avoid confounded

findings and identify possible causal mechanisms

Inferring
Identify and controlling

variables

The nature of an appropriate design for a given scientific question

e.g., experimental, field based or pattern seeking

Experimenting
Predicting

Formulating hypotheses

Additionally, the three competencies required the procedural knowledge in terms of

knowledge of standard forms and procedures used in scientific enquiry to obtain data/ fact

for the competency of explain phenomena scientifically, in terms of common procedures

used in science for the competency of evaluate and design scientific enquiry and in terms of

understand the procedures that had been applied to obtain any data set for the competency

of interpret data and evidence scientifically (OECD. 2013: 8-9). It could be concluded on

Figure 15.
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FIGURE15 The connection between science process skills and science competencies

Moreover, PISA 2006 included measurement of self-efficacy in science which
referred to students’ belief in their own abilities to handle tasks effectively and difficulties. It
seemed to be a key impact to motivation; a strong sense of self-efficacy could affect
students’ willingness to take on challenging tasks and also referred to how much effort and
persist students are (Bandura. 1994: 2). That measurement focuses on students’ self-
efficacy in science in term of applying science to daily life. Students were asked to rate the
easy with which they believed they could perform eight listed scientific tasks such as (i)
recognize the science question that underlies a newspaper report on a health issue (ii)
explain why earthquakes occur more frequently in some areas than in others (iii) identify the
science question associated with the disposal of garbage. The results showed that even
Thai student’ science achievement was weak (lower than OECD mean scores average) but
their self-efficacy seemed high. It was 0.078 of standardized self-efficacy mean score and
was stronger than OECD average mean score (OECD. 2007: 135). That means Thai student’
achievement was weakly predicted their motivation by self-efficacy.

Based on the results of teachers’ opinions and the report of PISA assessment, it
could be demonstrated the connection of problems in Thai science classroom might effect
to students’ performance including Thai students on self-efficacy issues which needed to be

solved, that was shown on Figure 16.
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PISA2006 REPORT: THAI STUDENTS'LEVEL ON
SCIENTIFIC LITERACY SELF-EFFICACY IN SCIENCE
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FIGURE 16 The connection of problems in Thai science classroom and students’

performance in PISA assessment 2006

Consequently, the researcher aimed to find the learning model which could
improve students’ science process skills with awareness that what they did while learning
including improved students’ self-efficacy to be more consistency with students’
performance. Furthermore, previous studies had shown positive correlation between
science process skills and science achievement in many studies (Ong Saw Lan. 2006;
Aydogdu. 2007) however it was found no have correlation in the study of R.Gokul Raj &
S.Nirmala Devi (2014) It had never found the study related to the correlation between
science process skills and science competencies therefore researcher aimed to study its
correlation in this study. According to the data were collected from science teachers who
taught eighth grade students at a very beginning of first semester, Therefore, it
demonstrated that students had problems related to the lacking of science process skills
since they were in seventh grade, which was the first level of lower secondary school. Thus,
this study aimed to improve students’ performance on science process skills, science

competencies and self-efficacy of seventh grade students.
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1.2 An exploration of students’ level of science process skills

According to the teachers’ opinions that had mentioned the students’ lacking of
science process skills lead this study to being aimed at developing the learning model to
solve both students’ awareness while learning and enhancing students’ science process
skills. To know clearly about students’ level abilities of science process skills and lower
secondary school students’ trend on process skills were required in order to be the basic
data to design lesson plans and learning activities especially belonged to the learning
model. Consequently, the survey was conducted.

1.2.1 Population and participants

The population included lower secondary school students in Bangkok was
230,101 students which were consisted of 116,526 boys and 113,575 girls in 2017
academic year.

The participants were 426 students who were lower secondary school
students in Bangkok in 2017 academic year. They were selected by using technique 5% of
the Yamane formula, stratified random sampling and simple random sampling, respectively.

1.2.2 Research instrument and data collection

Data were conducted from 426 lower secondary school students which were
consisted of 189 of seventh grade, 113 of eighth grade, and 124 of ninth grade students in
Bangkok during August — September 2017 in first semester of 2017 academic year.

1.2.3 Data analysis

Data were analyzed by mean, standard deviation, and percentage. Previous
studies have shown the level of students’ science process skills abilities were categorized
into three levels namely low, moderate, and high by mean score in various criteria;
Tilakaratne & Ekanayake (2017) set at 36-79% as moderate level for sixth and seventh
grade students, Su krno et al (2013) set at 36% - 79% as moderate level for eighth grade
students Raj & Deri (2014) set at 30% - 69% as moderate level for high school students,
and Seetee (2016) set at 36 — 64% as moderate level for eleventh grade school students.
Researcher set at 45% and 65% to category into three levels; low, moderate, and high
where upper than 65% of total score was high, lower than 35% of total score was low and

mean score between 45 — 64% of total score was moderate level. It revealed that students’
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level of science process skills was at moderate level (45-64%). The details of findings were

shown in Chapter 4.

Stage 2: Development of learning model and research instruments
2.1 Developing the metacognitive strategy embedded in inquiry learning model
2.1.2 Developing and verifying the learning model

The metacognitive strategy embedded in inquiry learning model was infused
between inquiry based learning approach and metacognitive theory in terms of the
regulation of cognition in an attempt to solve the problems of students lack science process
skills and less awareness while learning science which affects them. They could not identify
the purpose of experiment, had no plan on working and did the procedure wrong during the
experiment. These demonstrated that students needed more plans and the goal of the tasks
needed to be set as well as the procedure needed to be monitored while learning science.
Therefore, this learning model was developed to enhance students on science process
skills through proposing the ways to make exploration and encourage them to have the goal
of learning and always aware the goal while learning in order to accomplish science
tasks/experiments. Based on enhancing those two purposes, students’ science
competencies and self-efficacy were hypothesized to be improved. Consequently, the
dependent variables of this study were students’ science process skills, science
competencies, and self-efficacy in science. The processes of developing the metacognitive
strategy embedded in inquiry learning model were as followed:

(1) Reviewed and analyzed the information related the development of
science process skills and students’ regulation in learning. According to fifteen previous
studies related science process skills development, it had found that inquiry based learning
was mostly used. In addition, the studies related metacognition learning especially using of
Interactive Student Notebook (ISNs) embedded with metacognitive strategies showed
positive association with understanding of concepts and impacted the students’ science
process skills. Schraw and et al (2006) suggested that metacognition enables individuals to
monitor current knowledge and skills in science learning effectively. Additionally, the

regulation of cognition could help novice students be trained by a systematic regulatory
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sequence and helped them to control their performance and became more strategic and
systemic (King 1991 cited in Schraw. 1998) and students got more effective for solving more
complex problems (Delclos and Harrington. 1991). Consequently, inquiry learning and
regulation of cognition were considered to develop the learning model to solve that
addressed problems in science classroom from the teachers’ opinions.

(2) Determining the goal of learning model included feature, objective,
and outcomes in each phase of learning model.

(3) Developing first draft of the learning model by infusing 5E inquiry
(Engagement, Exploration, Explanation, Elaboration, Evaluation) and Metacognitive theory in
terms of regulation of cognition (planning, monitoring, evaluating) was the main step as was
5Es inquiry and was driven by the flexible cycle of planning-monitoring-evaluating in 3Es

phase included Exploration, Explanation, and Elaboration phases. (see Figure 17)

Engagement
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FIGURE 17 First draft of the metacognitive strategy embedded in inquiry learning model

(4) Determining the suitable content to objectives and outcomes of

learning model.
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(5) Writing and considering first draft of lesson plan based on the
metacognitive strategy embedded in inquiry learning model in order to appraise the
possible.

(6) Verifying and revising the first draft of learning model by advisors and
the committees of proposal dissertation presentation. It was revised by adding the cycle of
planning-monitoring-evaluating in Engagement phase. All cycles of regulation was driven

with step sequence: planning-monitoring-evaluating. It became to the second draft (see

Figure 18)
Planning .
Engagement [ Monitoring
| Evaluating ,
| Planning | ‘\.‘
Exploration Monitoring |
| Evaluating ’
| Planning N,
Explanation Monitoring |
| Evaluating ’
| Planning "'\.
Elabaration { WMonitoring
[ Evaluating _
v
Evaluation

FIGURE 18 Second draft of the metacognitive strategy embedded in learning inquiry model

(7) Writing the draft of the metacognitive strategy embedded in inquiry
learning model document in order to submit to the experts. The document was consisted of
six parts: 1) Background 2) Principle 3) Purposes 4) Learning process 4) Objectives and
Roles of student and teacher 5) Contribution.

(8) Examination of the draft of the metacognitive strategy embedded in
inquiry learning model document and lesson plan by advisors and revising based on their
suggestions. The details of second draft of the metacognitive strategy embedded in inquiry

learning model before submitting to the experts were concluded as following:
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The learning model was comprised of five main phases of 5E inquiry
and was driven on four phases by cycle of regulation with step sequence: planning (P)-
monitoring (M)-evaluating (E) in Engagement, Exploration, Explanation, and Elaboration

phase. (see Figure 18) The description, objective, and feature of each learning process

phase were shown in Table 10

TABLE 10 Features of the metacognitive strategy embedded in inquiry learning model

Phase Feature in each phase Source
Engagement Learner is able to make a plan, monitor and -Regulation of cognition
+ evaluate while learning and perceive own -Inquiry learning
P-M-E capabilies both knowledge and process. -Self-efficacy; in term of
Interested in science question and engages in social persuasion
scientifically oriented questions to formulate
science question (testable question).
Exploration Learner is able to make a plan, monitor and -Regulation of cognition
+ evaluate while learning and perceive own -Inquiry learning
P-M-E capabilies both knowledge and process. -Self-efficacy; in term of
Learner gives priority to evidence in responding social persuasion
to questions.
Explanation Learner is able to make a plan, monitor and -Regulation of cognition
+ evaluate while learning and perceive own -Inquiry learning
P-M-E capabilies both knowledge and process. -Self-efficacy; in term of
Learner formulates explanations from evidence, social persuasion
connects explanations to scientific knowledge
and communicates and justifies explanations
Elaboration Learner is able to make a plan, monitor and -Regulation of cognition
+ evaluate while learning and perceive own -Inquiry learning
P-M-E capabilites both knowledge and process. -Self-efficacy; in term of
Learner engages in scientifically oriented social persuasion

questions to formulate science question or goal,
formulates explanations from evidence and

connects explanations
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TABLE 10 (Continued)

Phase Feature in each phase Source

to scientific knowledge including communicates

and justifies explanations

Evaluation Learner communicates and justifies explanations  -Self-efficacy; in term of
that lead one perceives own capabilities whole mastery experience
knowledge and skills they have learned by doing
self-evaluation form which affect to self-efficacy

in science.

The detail of each phase was shown as following;

Engagement P-M-E phase: Students are engaged with instructional
material, media, article, news, phenomena which was related to science topic to learn.
Students make self-evaluation on prior knowledge; what they know, what they have to know
while doing the activities. Teacher engaged students to make the science questions
(testable) and then make discussion about those science questions (testable). Students
consider about the contextual related those article/news/phenomena relate to the question.
Students monitor and evaluate the question they have formulated through discussion. Finally,
they reach the complete science questions (testable).

Exploration P-M-E phase: students work in collaboration and make
small group discussions about the plan in terms of prior knowledge, time, person, goal, and
discuss in the whole class discussion before doing the experiment or science tasks.
Students monitor while on process such as the failure or what have to fix and evaluate when
finish the task by checklist with the plan/goal. Teacher probably prepares instructional
material for instance poster, show the text via PowerPoint, or even by teacher's verbal to
engage students continually regulate themselves while doing task.

Explanation P-M-E phase: students formulate explanation based on
data/evidence and connect with scientific knowledge. Students recall the goal in the plan
and make checklist the evidences. Students have to plan the priority of thinking in

explanation and monitor what they have explained through group discussion. Finally,
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students connect to science knowledge and complete explanation. Teacher is being as a
facilitator-to engage students to monitor and correct students’ writing explanation.

Elaboration P-M-E phase: This phase aims to have students apply all
the knowledge and skills they have learned in 3Es to another circumstance/ phenomena
including exploring the assigned science tasks or exploring what student’s interested in.
Therefore, students have to formulate science question (testable), formulate explanation of
exploration based on evidence and connect with scientific knowledge. Students plan,
monitor and evaluate while doing in procedure in order to communicate justification
knowledge. This phase make students perceive their own capabilities in knowledge and
skills. Teacher prepare the phenomena/situation and being as facilitator: to help and
question in order to make student accomplish the tasks.

Evaluation phase: students are evaluated all knowledge and skills
they have learned from worksheets, giving opinions, and journal entires. Students perceive
their capabilities.

(9) Verifying the metacognition strategy embedded in learning inquiry
model by three experts. The learning model was verified the content validity in terms of
index of consistency (IOC) which was considered the consistency index between item and
objective and was given the comments and suggestions. If the IOC was higher than 0.5 that
means acceptance due to at least 50 percent of experts gave a perfect rating to the item the
learning model would have internal consistency (Cojorn. 2011: 75).

(10) Revising the metacognitive strategy embedded in inquiry learning
model based on comments and suggestions of experts.

(11) Pilot study the learning model with grade seventh students.

(12) Revising the learning activities suited to the learning model.
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2.2 Developing research instruments

There were three research instruments which were collected the data in this
study: Science process skills test, Science Competencies test, Self-efficacy in science. All
research instruments were developed by researcher. Each research instrument was
described as follows;

2.2.1 Science process skills test

It was consisted of two parts: 1) the 24 items of basic science
process skills test and 2) the 16 items of integrated science process skills test. Some
questions were adapted from Afif Hafez Zeidan and Majdi Rashed Jayosi (2015) and Louise
E. Shive (2002). The test consists of 49 items of multiple choices with 4 options in first draft.
It was a paper-and-pencil test of well-known situations and not relate to the content. The
procedures of test development were as follows;

(1) Defining the definition of science process skills and were determined
into the objective of each test item. The definition of basic and integrated science process
skills were as follow;

1.1 Basic science process skills

1.1.1 Observing: is using five senses (seeing, hearing, smelling,
tasting and touching) to gather information about objects and events for getting their
properties or changing.

1.1.2 Classifying: is grouping objects or events into categories
based on information collecting and according to objectives. Information can be classified
at many types and levels; from very general to very specific. .

1.1.3 Measuring: is making information from observation clearly
by comparing some attribute of a system to a standard of reference. Making information
observation into numerical term and it should be given in S| units. However, measuring use
both appropriate standard and non-standard measures/estimates to describe the
dimensions of an object or event.

1.1.4 Using space/time relationship: is the process skills of
relationships deals with the interaction of variables. Relationships can be multiple or single

dimensions such as speed with distance and time representing is the example of two
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dimensions or the location in space is the example of single dimension. Describe an
object’'s position i.e. above, below, beside, etc., in relation to other objects, the motion,
direction, spatial arrangement, symmetry, and shape of an object compared to another
object.

1.1.5 Using number: is represented observation information in
terms of numbers. Identify quantitative relationship in nature. Using number can be reduced
the verbal meaning and allowed to apply logic of mathematics to describe and understand
nature.

1.1.6 Communicating: is the process of presenting information of
objects or events to people by taken in many forms: verbal, written, non-verbal, or symbolic.
This process moreover refers to a group of skills which using to present in form of reporting
data. It mostly has display in terms of tables, charts and graphs.

1.1.7 Predicting: is a process which forecasts future outcome
based on information and evidence existed. Use of evidence to formulate the sequence of a
forthcoming process of action or outcome. Forecast events based on observations/previous
experiences/ certain patterns of reliable data.

1.1.4 |Inferring: is explanation or interpretation of an observation
which be generated from “educated guess” about events or objects based on gathering
data and information. Suggest explanations for events based on observations, analyses the
cause and effect of decision, organize the observed data in a logical sequence leading to

possible solutions.

1.2 Integrated science process skills

1.2.1 Defining operationally: is to define the attributes of variables
to a concept by specific and be able to state method to measure those variables.

1.2.2 Formulating hypotheses: is the expected outcome of an
experiment. Identify questions or statements which can and cannot be tested design
statements.

1.2.3 Interpreting data: is organizing and analyzing data to draw

conclusions from it. Identify the relationship between the variables, from a given graph /
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table of data (relating to an investigation), draw reasonable conclusions from the data by
determining apparent patterns or relationships in it.

1.2.4 Identify and controlling variables: is to identify variables that
can affect an experimental outcome keeping most constant while manipulating only the
independent variable. Identify the variables that may affect the dependent variable as stated
in a problem.

1.2.5 Experimenting: is to be able to conduct an experiment,
making appropriate questions stating a hypothesis, identify and controlling variables,
operationally defining those variables designing a “fair” experiment, identify what is to be
measured or compared , select a suitable design and tools for an investigation, and
interpreting the results of the experiment..

(2) Developing forty-nine items; thirty items of basic science process
skills test and the nineteen items of integrated science process skills test in first draft.

(3) Examination of the draft of science process skills test by advisors
and revising based on their suggestions.

(4) Verifying the validity in terms of index of consistency (IOC) by five
experts; three experts were in field of science education and two experts were in field of
educational measurement and evaluation. There were forty-eight items having 10C between
0.67 — 1.00 and one item had to be revised according experts’ suggestions as the |OC was
below 0.50.

(5) The test was tried out by one hundred of seventh grade students
from schools in Bangkok during January 2017.

(6) Calculating the reliability (KR-20) of the test, an average item
difficulty (p) and the discrimination index (r). Finally, there were forty items in the test which
was consisted of twenty-four items of basic science process skills and the sixteen items of
integrated science process skills. Technique 27% of Chung The Fan was used for
calculating the discrimination index (r) was between 0.20 — 0.80 and the difficulty index (p)
was between 0.20 — 0.80. The reliability (KR20) of the test was 0.83 which was high reliability

due to the generally acceptable value was up 0.70 (Worrakam. 2011:297 cited in Seetee
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2016: 68). The details about science process skills development were shown in APPENDIX
B.

(7) Using the test in evaluating stage.

2.2.2 Science competencies test
According to the definition of science competencies in this study was

belonged to the framework of science literacy of PISA 2015 which consists of three
competencies: 1) explain phenomena scientifically 2) evaluate and design scientific inquiry
3) interpret data and evidence scientifically. It became the template to construct the test in
terms of the proportion weight of each competency and test type. Therefore, the test was
consisted of twenty-two items of three competencies; 1) there were 40% or 9 items of
explain phenomena scientifically (PISA 40-50%) 2) there were 22% or 5 items of evaluate
and design scientific enquiry (PISA 20-30%) 3) there were 36% or 8 items of interpret data
and evidence scientifically (PISA 30-40%). However, the test comprises thirty items in the
first draft which was a mixture of three test format included multiple choice, complex choice
(true false), and writing (open-ended response). The test content related to atmosphere and
climate which focus on the situations relating to personal, community (local/national), and
life across the world (global). The procedures of test development were as follows;

(1) Defining the definition of science competencies from PISA 2015
framework were as follows (OECD. 2013: 14 - 17):

Competence 1: Explain phenomena scientifically
Referred to recognize, offer and evaluate explanations for a range of natural and
technological phenomena demonstrating the ability to: -Recall and apply appropriate
scientific knowledge; Identify, use and generate explanatory models and representations;
Make and justify appropriate predictions; Offer explanatory hypotheses; Explain the
potential implications of scientific knowledge for society.
Competence 2: Evaluate and design scientific enquiry

Referred to describe and appraise scientific investigations and propose ways of addressing
questions scientifically demonstrating the ability to: -Identify the question explored in a given

scientific study; Distinguish questions that are possible to investigate scientifically; Propose
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a way of exploring a given question scientifically; Evaluate ways of exploring a given
question scientifically; Describe and evaluate a range of ways that scientists use to ensure
the reliability of data and the objectivity and generalizability of explanations.

Competence 3: Interpret data and evidence scientifically
Referred to analyze and evaluate scientific data, claims and arguments in a variety of
representations and draw appropriate conclusions demonstrating the ability to: -Transform
data from one representation to another; Analyze and interpret data and draw appropriate
conclusions; Identify the assumptions, evidence and reasoning in science-related texts;
Distinguish between arguments which are based on scientific evidence and theory and
those based on other considerations; Evaluate scientific arguments and evidence from

different sources (e.g. newspaper, internet, journals)

(2) Studying the test format of science literacy of PISA

(3) Considering and determining the science curriculum standard and
the definition of competency in order to integrate with suitable situations including weight
percentage of competencies.

(4) Constructing the test based on real data/information related
atmosphere, weather, and climate in the world nowadays.

(5) Examination of the draft of science competencies test by advisors
and revising based on their suggestions.

(6) Verifying the validity in terms of index of consistency (IOC) by three
experts; three experts; two experts were in field of science education and one expert who
has been working as academician of PISA Thailand, Institute for the Promotion of
Teaching Science and Technology. There were twenty nine items having IOC between 0.67
— 1.00 and one item had to be revised according experts’ suggestions as the I0C was
below 0.50. See APPENDIX B.

(7) The test was tried out by one hundred-twenty of seventh grade

students from schools in Bangkok during January 2017.
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(8) Scoring test was different based on test format. However, it all finally
needed to be converted to a 0 to 1 scoring. The details about scoring each format were as
follows:

8.1 Multiple choices (MC)
This part consists of 3 items of multiple choices with 4 options.

The test was scored right/wrong with the code “1” for right and “0” for wrong.

8.2 Complex choice (true false)

This part consisted of 14 items of complex choice with three
alternative questions of true-false of one item. Students had to read the situations which
some concepts related scientifically were selected as three questions. Students had to
identify true or false on three given question (three answers) in each item. The test was
scored right/wrong with the code “1” for right and “0” for wrong. As a result, the full score of
each item was 3 scores and students probably got completely wrong, partial, half, or full
score for fully correct answer (i.e. get 0, 1, 2, or 3) depended on how well students
answered. The scoring of each item on actual test was 0 — 3 integer scale however partial
credit for items were calculated in order to convert score to be 0 — 1 scale. Therefore,
Brown (2000) suggested that a 0 — 3 integer scale (i.e., a 0, 1, 2, and 3 scale) can be

converted as follows:

0.00 for students who answer completely wrong due to (0/3 = 0.00)
0.33 for students who answer one-third correctly due to (1/3 = 0.33)
0.67 for students who answer two-third correctly due to (2/3 = 0.67)

1.00 for students who answer completely correctly due to (3/3 = 1.00)

8.3 Writing (open-ended response)
This part consisted of 13 items of open-ended response.
Students had to read the situations related scientifically phenomena and responded to the
question by writing the answer. The scoring of each item on actual test was 0 — 3 integers
scale. Students could be scored: “0” for completely wrong, “1” for one-third correctly, “2”

for two-third correctly, and “3” for completely correctly. The answer criteria were scoped
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clearly for each item. Two experts in field of science education participated as the
investigator triangulation in order to make more accurate scoring. Finally, a 0 — 3 integer
scale (i.e., a 0, 1, 2, and 3 scale) were converted to be a 0 to 1 scoring by partial credit for
items same as complex choice (true false) test format. An example of scoring criteria of
writing test was shown in APPENDIX D

(9) Calculating the reliability (KR-20) of the test, an average item
difficulty (p) and the discrimination index (r). Technique 27% of Chung The Fan was used for
calculating the discrimination index was between (r) 0.20 — 0.91 and the difficulty index (p)
was between 0.21 — 0.89. The reliability (KR20) of the test was based on test format: 0.42 for
multiple choice, 0.53 for complex choice (true false), and 0.53 for writing (open-ended
response), respectively. Finally, there were twenty-two items in the test which was consisted
of nine items of explain phenomena scientifically, five items of evaluate and design scientific
enquiry, and eight items of interpret data and evidence scientifically. The details about
science competencies test development were shown in APPENDIX B.

(10) Using the test in evaluating stage.

2.2.3 Self-efficacy in science test

Referred to four main sources influence to level of self-efficacy included
mastery experience, vicarious experience, social persuasion, and physiological state.
mastery experience was the most influential to form perceived efficacy (Bandura. 1994;
Pajares. 2005: 296; Britner; & Pajares. 2006: 486). In this study, positive feedback from
researcher and students’ monitoring through whole classroom discussion (social
persuasion) were used and especially was emphasized on developing self-efficacy level by
mastery experience which students would perceive their capabilities based on their success
on given tasks by self-evaluation form at evaluation phase of this learning model. Therefore,
self-efficacy in science test was developed by researcher was that asking related the
specific task that students had experienced in the classroom. Students were presented with
items portraying different levels of task demands and they rated the strength of their belief in
their capabilities to execute the tasks which were evaluated in terms of their level of students’

confidence in four aspects: 1) explanation in science lesson they have learned
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(scientifically), 2) planning and designing experiment and working in science, 3) applying
science in daily life, and 4) presenting and communicating science lesson. There were forty-
one items created in first draft. Likert scale with five point scale (strongly disagree, disagree,
neither, agree, strongly agree) was used to allow the students to express their belief. The
procedures of test development were as follows;

(1) Defining the definition of self-efficacy in science into four aspects
as follows;

Aspect 1: explanations in science lesson they have learned
(scientifically): Referred to students’ belief relates their level of capabilities in scientifically
explanation by using science principles they have learnt to explain the phenomena through
belief in their capabilities to connect content or resources to explain scientifically or those
phenomena. There were eight items to measure this aspect.

Aspect 2: planning and designing experiment and working in
science: Referred to students’ belief relates their level of capabilities in using science
equipment and science process skills to propose or design the ways for exploration include
belief on their effort to do science tasks successfully. There were eleven items to measure
this aspect..

Aspect 3: applying science in daily life: Referred to students’
belief relates their level of capabilities in applying science knowledge in daily life, identify
evidences/reasons scientifically include evaluate argument issues and evidences from any
resources in daily life (news, article, social media etc.). There were sixteen items to measure
this aspect.

Aspect 4: presenting and communicating science lesson
Referred to students’ belief relates their level of capabilities in analysis and interpret
scientifically data in order to communicate in terms of verbal, writing, discussion and

explanation to others. There were seven items to measure this aspect.

Due to the items portraying consisted of positive and negative
statement thus Likert scale with five point scale (strongly disagree, disagree, neither, agree,

and strongly agree) was converted code as follow:
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TABLE 11 Point values for positive and negative items

Positive items Negative items
Strongly disagree 1 5
Disagree 2 4
Neither 3 3
Agree 4 2
Strongly agree 5 1

(1) Studying the test format of self-efficacy and constructing the test.
There were forty-one items created in first draft. Researcher had adjusted this test based on
the study of Lin & Tsai (2012).

(2) Examination of the draft of self-efficacy in science test by advisors
and revising based on their suggestions.

(3) Verifying the validity in terms of index of consistency (IOC) by three
experts; two experts were in field of science education and one expert who has been
working as academician of PISA Thailand, Institute for the Promotion of Teaching Science and
Technology. The I0C of forty-one items were between 0.67 — 1.00. Revising some items
based on experts’ comments and suggestions.

(5) Pilot with one hundred of eighth grade students from a school in
Bangkok during September 2017

(6) Calculating reliability (Cronbach’s alpha) of the test was 0.91. The
details about self-efficacy in science test development are shown in APPENDIX B.

(7) Using the test in evaluation stage.

Finally, the validity in terms of index of consistency (I0C), difficulty index
(p), discrimination index (r) and the reliability (KR20 and Cronbach’s alpha) of all research

instruments were summarized in Table 12.
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TABLE 12 The validity and reliability of each research instrument

Test I0C Students Difficulty Discrimina Reliability
in Try out index (p) tion index (r)
Science process skills 0.40*-1.00 110 0.20-0.80 >0.20 0.83

Science competencies

-Multiple choice 0.20-0.89 >0.20 0.42
-Complex choice 0.67-1.00 120 0.20-0.80 >0.20 0.53
-Writing 0.20-0.80 >0.20 0.53
Self-efficacy in science 0.67 -1.00 100 - - 0.91

* One item then is already revised based on the experts

2.3 Designing and developing the lesson plans and instruction materials
2.3.1 Developing the lesson plans

This study had selected the concept of “Atmosphere and Climate” to be the
main concept for testing the hypotheses. Based on an exploration of lower secondary
school students’ level of science process skills were not high and in order to prepare for the
PISA assessment which measure student 15-year-old thus this study was more focusing on
integrated science process skills especially experimenting skill and gave students more
chance to design own experiment based on their experience and everyday language while
planning. The procedures were as follows:

(1) Analyzing contents, main concepts and review documents related to
atmosphere and weather such as article, journal, news, experiment and misconception
about atmosphere and weather etc.

(2) Determining learning objectives based on IPST curriculum (see Table 14)
and outcome of the metacognitive strategy embedded in inquiry learning model. However,
based on the purpose of this study, the sequences of contents needed to be arranged in

order to be more coherent.



TABLE 13 The contents of atmosphere and weather
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Contents Keywords Time
(hour)
Layers of atmosphere Troposphere, Stratosphere, Mesosphere 1.5
Thermosphere, Atmosphere, Air
Effect of solar radiation to atmosphere  Reflection and absorption Solar Radiation 1.5
Air Temperature Air Temperature, Thermometer 1.5
Air Pressure Air Pressure, Barometer 1.5
Wind Wind, Wind Vane 1.5
Humidity Humidity, Relative humidity, Cyclometer 2.5
Cloud and Rain Cloud, Cumulus, Status, Cyrus, Rain, 2.0
Thunderstorm Thunderstorm, Lighting, Thunder, Gust 1.5
Tropical storm Tropical storm, Depression, Tropical cyclone, 1.0
Cyclone, Typhoon, Hurricane
Monsoon Monsoon 1.0
Weather forecast Weather forecast, Weather maps, Weather station 1.0
El Nino and La Nina El Nino and La Nina 1.0
Earth’s temperature change Greenhouse effect, Greenhouse gas 1.0
Air pollution Air pollution, acid rain 1.5
Total 20

Source: The Institute for the Promotion of Teaching Science and Technology (IPST). 2010.

Teacher’s Guidebook: Science 2 for seventh grade students. Bangkok.

(3) Considering and creating the overview schedule in terms of time,

contents, concept, learning objectives, activities to enhance science competencies, science

process skills, self-efficacy, in each lesson plan (L.P.).



TABLE 14 The determining of objectives and overview of using learning model
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Learning Science Science Self-
L.P Concept Learning objective activity competencies process efficacy
skills
1 Atmosphere -characterize the -Watching Interpret -COM Mastery
layers of the VDOs and experien
atmosphere discussion ce and
and the benefit of positive
atmosphere feedback
2 The effect of -Do the -Lab1 Design -OBS Mastery
sun rays to experiment, -Discussion  Interpret -MEA experien
atmosphere discuss and Explain -NUM ce and
and air explain the effect -SPC positive
temperature of sun’ s ray to -INF feedback
temperature on -HYP
surface -DEF
-Interpret the -VAR
graph of -EXP
temperature in
one day and
analyst factors
affecting
temperature
3 The effect of -Do the -Lab?2 Design -OBS Mastery
temperature experiments and -Discussion  Interpret -MEA experien
to air density explain the -Lab 3 Explain -SPC ce and
and air relationship -INF positive
pressure between -HYP feedback
temperature and -DEF
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TABLE 14 The determining of objectives and overview of using learning model (continued)

Learning Science Science Self-
L.P Concept Learning objective activity competencies process efficacy
skills
air pressure -VAR
including air -EXP
density
-Explain the
relationship
between amount of
air molecule and
air pressure
-Describe how
barometer
4 Wind -Do the experiment  -Lab 4 Design -OBS Mastery
and explain the -Discussion  Interpret -INF experien
relationship Explain -HYP ce and
between air -DEF positive
pressure and wind -VAR feedback
-Identify the pros -EXP
and cons of wind
5 Humidity -Do the experiment  -Lab 5 Design -MEA Mastery
and find the -Watching Interpret -PRD experien
relative humidity VDOs and Explain -NUM ce and
-Explain the discussion -EXP positive
relationship -INF feedback
between
temperature and
humidity
6 Cloud and -Investigate and -Searching Explain -CLS Mastery
precipitation explain cloud -Discussion -COM experien
formation, types of  -Watching ce

cloud, precipitation Drama
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TABLE 14 (continued)

L.P. Concept Learning objective Learning Science Science Self-
activity competencie process efficacy
] skills
7 Thunderstorm -Searching and -Searching Interpret -PRD Mastery
and tropical identify the -Game Explain -COM experien
storm difference between - -INT ce and
thunder storm and Discussion -NUM positive
tropical cyclone -SPC feedback
-Characterize -INF

tropical cyclone
-ldentify the destroy
and explain how to
protect

-Interpret graph and
choose appropriate

way to present data

8 Weather -Explain and -Watching Interpret -COM Mastery
forecast interpret the news Explain -CLS experien
symbols on weather - ce and
forecast map Discussion positive
-Choose an -Criticize feedback
appropriate way effective
present the data method to
present
9 Climate change -Searching, explain  -Role play Interpret -COM Mastery
El nino, La nina, and analyst the - Explain -INT experien
greenhouse causes and effect Discussion ce and
effect, global of global warming’ based on positive
warming and social feedback

air-pollution issues
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TABLE 14 (continued)

L.P. Concept Learning objective Learning Science Science Self-
activity competencies process efficacy
skills
9 Climate -Analyst and
change, El discuss about
nino, La cause and effect of
nina, ozone hole, acid

greenhouse  rain and air

effect, pollution
global -Describe the
warming effect of El nino
and air- and La nina to
pollution weather

**OBS: observing, CLS: Classifying, SPC: Using space/ time, NUM: Using number, COM: Communicating, PRD:
Predicting, INF: Inferring data, DEF: Defining operationally, HYP: Formulating hypotheses, INT: Interpreting data, VAR:

Identifying and controlling variables, EXP: Experimenting

(4) Creating nine lesson plans. According to the results of students’ science
process skills survey lead the lesson plans mostly were focused on hypotheses formulating
and experimenting skills than other skills when the learning activities had to do experiments.
An interactive student notebook (ISNs) was the important tool to reflect while students were
planning and doing the experiment.

® The interactive student notebook (ISNs)

The ISNs was created to have compatibility with sequence cycle of
regulation in which showed the plan in the left side and the outcomes in the right side.
Furthermore, the monitoring step can do from checking list between left and right sides and
evaluating step was fulfilled in the right side of outcomes. The ISNs was used in terms of
experiment activities in 3Es; engagement, exploration, and explanation phase of this

learning model.
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Left side: page 1 | Right side: page 1

Planning -Testable question (E3)
-Testakle question (E1) -Purpose (E3)

-Experiment (casualverbal) (EZ) -Hypothesis (E3)

-Diagram of experiment (E2) Aariabless Definevariable (E3)

ddateriallequipment (E3)

Right side: page 2

Left side: page 2

-Recall and plan for explanation (E4) © -Results

-Reflection -Conclusion (E5)

-Scientific Explanation

1
1
i
-Connection '+ -Checklistwhat doing/error
1
1
1
-Extension ;

FIGURE 19 The interactive science notebook embedded in regulation of cognition

® Designing experiment procedures based on students’ experience

According to previous study suggested that students do the
experiment by following the procedure in lab sheet lead students do not aware which
variables through forming hypothesis. Consequently, students were not concern of the
importance of identifying the variables and its implementation when they make the
conclusion to experiment. Thus, teacher should ask students to identify the variables
involved before doing experiment and should give students exploration questioning (Rauf;
et al,. 2013: 47 - 57). As a result, this learning activities related the experiment was designed
based on students’ experience proposing the solution without the procedure in lab
worksheet as the suggestions of Berry et al (1999) stated that following the cookbook style

affects students carry out the experiment unthinkingly. Students completed the plan and
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interpret all procedures and know what and why doing those steps before do the
experiment on the ISNs. The preparation and conducting steps to enable students own
doing experiment was shown as following:

4.1) Teacher studies and identifies the main concept and determines the
purpose of experiment.

4.2) Teacher seek the example phenomena/ activities in daily life related
to main concept of science learning including using the experiments were in the textbook.
However, those experiments should be adjusted to make students feel more familiar. Not
allow students saw textbook and any experiment procedure document. Teacher finally
chose the best example/instruction material.

4.3) Teacher engaged students with the phenomena that mostly students
experienced with. Encouraged and asked what students wanted to know. Students
concluded the main question related those phenomena that they wanted to explore.
Teacher asked what do you guess the factor to make it happen (reach -- > testable
question) (E1)

4.4) Students felt free, informal atmosphere, no science technical term
words were appeared. Students proposed and discussed about making solution based on
their experiences. (E2). Referred to suggestions from UNESCO (2009) that students should
be using the language in which they felt most comfortable, especially when meeting new
ideas. They should be developing understanding first and technical vocabulary second.

4.5) Teacher listened to any ideas from students, questioning and
shaping students' discussion in order to practice process skills; formulating hypotheses,
identify and controlling variables, defining operationally, interpreting data, and
experimenting through their plan. The casual questions to make students reach those

process skills (transfer E2 to E3) were as following;

® \What do you guess the factor to make it happen? (Hypothesize)

® How to prove it? (Experimenting)
-what you know / you guess then you set it?  (Determine =Independent)
-what you do not know then you want to see? (Result=Dependent)

-how to eliminate the bias? (Do the same=Control)
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® \What is the needed evidence to confirm your guess? (Interpreting data)
-how to collect the evidence? (Experimenting)
-how to know is it the right evidence? (Defining operationally)
-what is indicator tool to collect the evidence? (Experimenting)

-can we measure in number? (Experimenting)

4.6) Based on students’ discussion, teacher gave the alternative
indicator tools or materials students had proposed connects to science equipment in the
laboratory.

4.7) Students drew the procedure of experiment in the left side of ISNs.

4.8) Based on discussion students wrote the plan on left side and
connected to the outcomes in the right side of ISNs.

4.9) Students did the experiment and recall/checklist to the plan while
doing. Data is written in the right of ISNs in terms of quantitative and qualitative data.
Drawing picture was required in abstract content in order to check students’ misconception
such as the amount of air molecule in the same balloon when were in the hot water and
water.

4.10) Students made inferring from data and made a plan for making
conclusion and explanation in the left side of ISNs. The students were recalled by these
questions; (E4)

® What is the goal or testable question?

® \What is the needed evidence to confirm?
® \WVhat are the results?

® What is interpreting of each result?

® \Why does it happen?

® How?

4.11) Students discussed about the results of experiment. Teacher could
make questioning, recall prior knowledge, giving new concept relate experiment in the

discussion.
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4.12) Students drew conclusion and explained the phenomena in the
right side of ISNs (E5) by using the recall question in a plan and monitor the explanation via
checklist a plan and classroom discussion.

4.13) Students revised the complete explanation after discussion.

4.14) Students probably gave suggestions or failure they had
encountered including pose another question related experiment that they were curious to

make more exploration.

(5) Examination of the draft of lesson plan by advisors and revising based on
their suggestions.

(6) Verifying the validity and improving the nine lesson plans by three
experts: two experts in the field of science education and one in field of education.

(7) Pilot study in order to find out the suitable time and learning cycle model
including other factors and then improved to become suitability.

(8) Conducting in evaluating stage.

2.4 Conducting a pilot study
This stage aimed to study the suitable of time and learning cycle model moving
including other factors and then improved to become suitability.
It was conducted during November — December 2017 at a School in Bangkok.
All processes of teaching were conducted by researcher. Two classrooms of 1/8 (42
students) and 1/9 (28 students) with total 70 students; one class was high-moderate
achievers and emphasizing on science (English program) and one class was moderate-low
achiever emphasizing on musical program in order to collect the data when researcher
would use the learning model in different achievers. There were five table groups in the
laboratory leaded the students were grouped 5-8 students a group. The procedures were as
follows:
(1) Asking for permission to school and meeting with science teacher to
explain the information of pilot study processes, period time, instructional materials,

including knowing about students’ background.
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(2) Asking for doing pre-test of science process skills, science
competencies, and self-efficacy in science

(3) Conducting a pilot study. Researcher teaches students based on
phases of the metacognitive strategy embedded in learning inquiry model. Observing
students’ behavior, prior knowledge, responding to the activities, classroom atmosphere,
other factors affecting. However, the first draft was planned for whole learning unit but it was
only five lesson plans to be used as the school had many activities and events which
affected to the learning time in that time. Therefore, the class was canceled. To finish the
learning unit and complete for midterm examination, lecture was used for teaching in last
four lesson plans instead. All observation data were written on research’s journal in order to
improve activities suiting to the learning model through fulfilling the features of learning
model clearly.

(4) Analyzing data and revising learning activities.
Refer to IPST curriculum had set the timing for weather content as twenty hours
but it needed to be arranged in the real situation. Therefore, the summary of using all lesson

plans was shown in table 15.

TABLE 15 Timing of pilot study and the arrangement

Lesson plan Plan Pilot Evaluating
Pilot (hr) (hr) stage (hr)

Pre-Test 3.0 3.0 3.0
1. Atmosphere 1.5 3.0 3.0
2. The effect of sun rays to atmosphere and air 1.5 2.0 2.0
temperature
3. The effect of temperature to air density and air 3.0 3.0 3.0
pressure
4. Wind 1.5 2.0 2.0
5. Humidity 25 2.0 2.0

6. Cloud and precipitation 2.0 - 1.5
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TABLE 15 (continued)

Lesson plan Plan Pilot Evaluating

Pilot (hr) (hr) stage (hr)
7. Thunderstorm and tropical storm 2.5 - 1.5
8. Weather forecast 1.0 - 1.0
9. Climate change, El nino, La nina, greenhouse effect, 3.5 - 2.0

global warming and air-pollution
Post-Test 3.0 - 3.0
Total 26.0 15 24.0

However, from a pilot study gives many aspects that needed to be adjusted
learning activities, those were as follows:
1) Classroom management
Due to many members in one group and that was the first time to teach students
in new two classes, it was found to be difficult in managing while doing learning activities,
for example a loud classroom, walking around class when learning, less answer/giving
opinion, and problems while interacting between researcher and students at week 1-2.
Therefore, researcher gave students a sign with their name on it to hold to their neck while
they were learning science for students in M. 1/8 and they felt very excited to have it.
Moreover, identifying student's name on the group picture to remember them was used for
M. 1/9. As a result, students were exciting and wondering that researcher could remember
all of them and they were more interested in the class; joining learning activities, more
interact, have more answering/questioning or giving opinions through the researcher was
calling their name when they were less attention. In other hand, classroom management had
more effective. Thus, a technique of identifying student’s name on the group picture was
brought to use at the evaluating learning model phase.
2) Students’ prior knowledge
By questioning, students could not respond to those questions directly; it was
needed to give them other basic questions step by step to get the main answer. In the

engage phase, students gave various questions and not pinpoint questions liked the
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expected questions that were in the lesson plan. Therefore, the researcher had to
reconsider and adjusted the context of engage phase. Students mostly giving alternative
concepts those needed to edit. That affects timing was longer than the draft plan. To
interpret and plotting graph needed time for more than one hour to make understanding
however students were interested in this activities. Moreover, findings students did not like
to write what they had planned or discussed and some of them had weak in their writing skill
as they were slow and were fraught with misspellings. They were not making complete
sentences when writing explanation or in the scientifically explanation part they wrote in a
meandering fashion even when they already made the lists. Consequently, the researcher
had to engage them to write, had to adjust the ISNs notebook, and added the example main
context which needed to be appeared in the explanation paragraph.
3) Material instructional

The wind formation experiment had to improve in order to make students clearly
understand the concept. Due to the previous tested experiment it had worked but it did not
work while students were doing it in the class; the paper did not move, and the wind was not
strong enough to make the tiny paper move. The Researcher used the tiny cotton fiber
instead of paper in the evaluating learning model phase. The ISNs notebook had to adjust to
less writing part, and added the example main context which needed to be appeared in the
explanation paragraph. Moreover, by observation students expressed more interested in
pictures than drawings.

4) Learning activities

Finding, misconception issues needed to be checked in monitoring step.
According to students who were not confident to answer or discuss while they were
planning to do the experiment and explanation leaded researcher engaged students in
each group for listening their ideas and enabled to know in details what misconception
students had for instance, students understood that the balloon gets bigger when put it in
the hot water because of air molecule in the balloon was expanded, some of them said this
was because hot water makes an air molecule go from one to many molecules and the
balloon became bigger then. Even the researcher gave students questions to consider their

understanding as it was hardly changing their previous belief. Furthermore, students
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thought heat push the air molecules going up without moving on its own. They also thought
that at the earth's surface has less air molecule than at the high altitude due to there have
high temperature at the surface which affected to air movement and the amount of air
molecule. In other hand, students were confused between temperature and gravity factors
affecting the amount of air molecules. The significant of small group discussion was that
giving more details, even if it would take up a large amount of time. Consequently,
researcher had to be careful in term of the words students explain; should be asked what
they mean. Researcher included checking misconception in the monitoring of explain phase
and adjusted the results table of those experiments were shown students’ idea about
amount of air molecule and air movement in different temperature in the ISNs notebook.
5) Timing

According to the mostly encounter based pilot study, it was affective for a much
longer time than was originally planned. Thus, the first draft lesson plans needed to control
the time by adjusting the ISNs, checking students’ understanding by answering or
observing instead of checking in the worksheet in some parts, some parts had to assign the
students as homework, combined some activities, less discussing in group but discussing
in whole class instead, presenting at the group instead of in front of the classroom due to

the students were shy and took more time to start.

Stage 3: Evaluation the effectiveness of the learning model
This stage aimed to evaluate the effectiveness of learning model affected to
students’ outcome. Data were collected by science process skills test, science

competencies test, and self-efficacy in science test.

4.1 Research methodology

It was pre-experiment and one group pretest-posttest design was used in this
study which could be used without making sampling or without control group (Bell. 2010:

online cited in Thiangchanthathip. 2016: 88).



123

Group O, X O

FIGURE 20 One group pretest-posttest design

Where; -X represents the treatment using the Metacognition strategy embedded in
learning inquiry model.
-O, represents pre-test

-O, represents post-test

4.2 Population and participants

The population included seventh grade students in  Bangkok.
The participants consisted of thirty-three of seventh grade students from a school in
Bangkok. Purposive sampling was used; they were students in public school, mixed
achievers, had problems in science classroom same as the results in stage 1.

Additionally, this study was verified the processes and allowed to conduct the
research from the Strategic Wisdom and Research Institute, Srinakharinwirot University
which was approved in the certificate of approval referring to certificate number SWUEC/E-

258/2560.

4.3 Data Collection
After all research instruments were verified and revised by the experts, all
research instruments were conducted in order to evaluate the effectiveness of learning
model. The procedures were as follows:
(1) Meeting with students and gave them the overview; purpose and
procedures of the evaluating stage of the learning mode, the learning activities schedule,
record student data (such as students’ name) including asking students’ parents for the

permission.
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(2) Students did the pre-test includes 1) one hour of doing science process
skills test 2) twenty-five minutes of doing self-efficacy in science test 3) one and half hour of
doing science competencies test. The students’ score on science process skills and
midterm test score were the data to group students into 4-5 students each group by mixed
abilities.

(3) Students learned science in atmosphere and weather contents based on the
using of the metacognitive strategy embedded in inquiry learning model with nine lesson
plans. The details about students and teacher roles of this learning model were showed in
Chapter 4. Observing, checking the ISNs notebook, students’ journal after finish activities in
some lesson plans, and pictures during conducting the learning model were collected.
Informal interview was used in order to collect students’ opinion to the learning model in
terms of their satisfied and the appropriateness and so on. There were seven students who
volunteer to give the information via informal interview.

(4) Students do the post-test included science process skills test, self-efficacy
in science test, science competencies test.

(5) Analyzing the data.

4.4 Data analysis
The statistics were used in this study consisted of two parts namely (1) basic
statistic for assessing research instruments (Validity: discrimination index, difficulty index,
and Reliability) and (2) the statistic for assessing research hypotheses (Mean, T-test
dependent, Pearson’s’ correlation, Spearman’s rho). Each description was described as
follows:
(1) Basic statistics for research instruments
1.1 Validity
The content validity: the index of consistency (IOC) was used for
examining the validity of science process skills test, science competencies test and self-
efficacy in science. The three levels of rating scales were weighted by the experts. The

criteria were shown as follows;
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Consistent is weighted as  +1
Unsure is weighted as 0
Inconsistent is weighted as -1

The formula for calculating the IOC is

IOC = XR
N
Where; IOC - the index of consistency
2R - summation of experts’ opinion marks
N - a number of experts

1.2 Reliability

Science process skills test and science competencies test were
examined the reliability by Kuder-Richardson (KR-20). The Cronbach’s alpha coefficient

was calculated on the reliability of self-efficacy in science test.

1.3 Discrimination index (r)
The test was calculated the discrimination indexes on items were
science process skills test and science competencies test.

The formula for calculating the Discrimination Index (r) is

r = Su- S,
N<X - xmin)

max

Where; r-discrimination index
S, - the score summation in the upper group of each item
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
Xac the students’ highest score of each item

X.,~ the students’ lowest score of each item
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1.4 Difficulty index (p)

The test was calculated the difficulty indexes on items were science
process skills test and science competencies test.

The formula for calculating the Difficulty Index (p) is

p = R
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

(2) The statistics for addressing research hypotheses
According to the hypotheses of this study were: (1) Students’ posttest score
of science process skills was significantly higher than pretest score at .05 level (2) Students’
posttest score of science competencies were significantly higher than pretest score at .05
level (3) Students’ posttest score of self-efficacy in science were significantly higher than
pretest score at .05 level (4)It had correlation between students’ science process skills and
science competencies (5) It had correlation between students’ science competencies and
their self-efficacy in science. Each hypothesis was analyzed by these statistics as follows:
2.1 T-test dependent -was used for testing the hypotheses:
2.1.1 Students’ posttest score of science process skills was
significantly higher than pretest score at .05 level.
2.1.2 Students’ posttest score of science competencies were
significantly higher than pretest score at .05 level.
2.1.3 Students’ posttest score of self-efficacy in science were

significantly higher than pretest score at .05 level.
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2.2 Pearson’s correlation  -was used for testing the hypothesis:
2.2.1 Students’ science process skills had correlated with science

competencies.

The formula for calculating the Pearson Product Moment Correlation

Coefficient (rxy) is the sample is denoted by “r” and is by design constrained as follows

1 <r< 1
Positive values denote positive linear correlation; Negative values
denote negative correlation; A value of 0 denotes no linear correlation; The closer the value
is to 1 or -1, the stronger the linear correlation.
The absolute value of “r” is defined as follows:
0.00 - 0.19  “very weak”
0.20 -0.39  “weak”
0.40 -0.59 “moderate”
0.60 - 0.79 “strong”

0.80-1.0 “very strong”

2.3 Spearman’s rho -was used for testing the hypotheses:
2.3.1 Students’ science competencies had correlated with self-

efficacy in science.



CHAPTER 4
FINDINGS

This chapter presents the findings from section 1: The basic data; an exploration of
problems in the science classrooms and an exploration of secondary school students’ level
of science process skills in Bangkok, section 2: the learning model development, and

section 3:the learning model evaluation.

Section 1: Preparation stage; the basic data
The basic data were collected from teachers to understand the problems related to
science classrooms and students’ were surveyed on their science process skills to know

what their levels of process skills were. All findings were revealed as following;

1.1 Results of an exploration of problems based on teachers’ perception in the science

classrooms in Thailand

Thirty-six science teachers from thirty-six schools responded to an open-ended
question; asking about the problems they had mostly found in science classroom. Data
were analyzed by content analysis. The percentage of problems findings and examples of

quotation were showed in Table 16;

TABLE 16 The results and example quotations of an exploration of problems based on

teachers’ perception in the science classrooms

Themes The example of quotations referred in each theme Findings (%)
(i) Lacking > Wrong procedure on the experiment, 35.89
Science » Cannot use equipment appropriately.

process skills > Lack of skills of equipment and chemical substance

» Cannot identify science question
» Cannot propose the ways to solve problems.
» Have no plan on working included do the experiment

without planning.
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Themes

The example of quotations referred in each theme

Findings (%)

» Cannot identify the purpose of experiment and do not
know what they do even they enjoy doing the experiment
» Cannot discuss the results and cannot make the
conclusion

> Write in a meandering fashion when making conclusion

even they understand how to do the experiment

(i) Lacking on > Lack of ability in reading and reading comprehension 5.13
language abilities when given science article

> Low achieving students need a longer time learning and

they were false on spelling
(iii) Student > Less concentrated on learning, Less effort 38.46
behavior > Less attention while doing the experiment, Lack

motivation in learning, Less confident to do the activities,

Students late handing assignment

> Talking too much in the classroom

> Using mobile phone

> Did not submit science task
(iv) Lacking > The tools and equipment for enhancing science skills were 10.26
Science limited.
laboratory » Lack science equipment, teacher demonstrated the lab
equipment instead.

» The equipment was not enough; therefore, the class could

not complete the experiment. The video clip was used

instead.

> Malfunctioned science equipment
(v) Curriculum > The content related to mathematics was not paralleled 10.26

with science content. Therefore, science teacher need to
teach some content of mathematics for applying to science

question i.e. square root.
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TABLE 16 (continued)

Themes The example of quotations referred in each theme Findings (%)

(v) Curriculum > The amount of content was not suitable for timing; as a
result some experiments were skipped.

> Science content was not sequenced in order.

According to Table 16, Findings, the highest was problem related students’
behavior (38.46%) and the second was students’ lacking of science process skills and less
awareness while doing the experiment (35.89%) while problems related to students’
language ability (5.13%), lacking of laboratory equipment (10.26%) and curriculum (10.26%)
were revealed. Although problems related to students’ behavior was found the highest rated
problem it had many factors affecting and needs long time to shape and change. Therefore,
the researcher continued to solve the problem related to students' awareness while doing
the experiment and lacking of science process skills. Refer to table 16, it indicated that
students lacked science process skills such as; measuring, formulating hypotheses,
experimenting, interpreting data, and communicating. In terms of “cannot identify the
purpose of experiment and do not know what they do, no plan working, wrong procedure on
the experiment” are demonstrated students less awareness while learning or they have less
reflect while learning. In addition, it had showed students had less interest and responsibility
in science as well as lacking of science laboratory equipment in schools.

In this study, researcher continued to solve the problems relate to students lack of

science process skills and less awareness while learning.
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1.2 Results of an exploration of secondary school students’ level of science process

skills in Bangkok

As the teachers’ opinions had mentioned about students’ lacking of science
process skills leaded to a collection of data from 426 lower secondary school students
which were consisted of 189 of seventh grade, 113 of eighth grade, and 124 of ninth grade
students from five schools in Bangkok during August — September 2017 for exploring about
students’ level of science process skills abilities by the test which was created by the
researcher. It was forty items in the test consisted of both basic and integrated science
process skills. Data were analyzed by mean score and percentage to find students’ level of
science process skills.

The researcher set at 45% and 65% of full score to category into three levels; low,
moderate, and high where upper than 65% of total score was high, lower than 35% of total
score was low and mean score between 45 — 64% of total score was moderate level. The
findings revealed that lower secondary school students almost were placed at a moderate
level. There were 8 skills that students were placed at moderate level namely observing
(47%), classifying (50.5%), using space/time relationship (56.3%), using number (55%),
inferring (58%), defining operationally (52.7%), interpreting data (59.3%), and identify and
controlling variables (49%). There were 3 skills that students placed at high level namely

measuring (69%), communicating (78%), and predicting (66%) see Figure 21.
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Integrated science process skills Basic science process skills Mean Score 100%

Communicating 78%

Measuring 69%

Predicting 66%

High level
Moderate level 65%
59.3% Interpreting data A
Inferring 58%
Using space/ time 56.3%
Using number 55%
52.7% Defining operationally
Classifying 50.5%
49% Identifying and controlling variables
Observing 47% v
Moderate level
Low level 45%

42.5% Formulating hypotheses

38.4% Experimenting

FIGURE 21 An exploration of secondary school students’ level of science process skills in

Bangkok (semester 1 of 2017 academic year)

According to the results of the survey showed that students have placed at low
level on formulating hypotheses (42.5%) and experimenting (38.4%). Therefore, the learning
activities in this study were focused on these skills which students could integrate other

skills as well.

Section 2: The results of learning model development
As the main problem needed to be solved was that students’ were lacking in
science process skills and were less aware while doing the experiments which lead to the

development of the learning model in this study. After evaluated by experts and did a pilot
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study, it could be concluded the results of evaluation and processes of learning model

development as following;

Background

According to teachers’ opinions revealed that students lacking in science process
skills and no working plan which affect doing wrong procedure and cannot reflect purpose
of experiment. That demonstrated students had less aware while learning and they needed
more plan and needed to set the goal of experiment or task through the goal of each
procedure, needed to monitor its proceeding that would keep students concentrated or
were on the path of procedure. Moreover, lacking of science process skills had found in
previous studies both lower and upper secondary school students (Chaiyen; Bunsawansong
;& Yutakom. 2007; Kaewseehabut ;& Khantho. 2007; Nakthong; Anuntasethakul ;&
Yutakom. 2007; Chairam; Klahan ;& Coll. 2015; Kruea-In; & Fakcharoenphol. 2015; Somsuk.
2015) As science process skills were important in having a science education (Harlen.
1999) and illustrated in terms of using process skills in science competencies of PISA
framework measurement. In order to develop students’ science process skills the previous
studies had showed that inquiry learning was used effectively (Simsek; & KabapOnar. 2010;
Koksala; & Berberoglu. 2012; Lati; Supasorn; Promarak. 2012; Yadav; & Mishra. 2013;
Aydogdua; Buldur; & Kartal. 2013; Ogan-Bekiroglu; & Arslan. 2014; Chairam; Klahan;& Coll.
2015) however the students were aware while learning what needed to be solved in this
study. Consequently, this learning model was infused between inquiry learning approach
and metacognition in terms of regulation of cognition (metacognitive strategy) for enhancing
students' science process skills and students' perceived during on learning path. Students
would be learned not only process skills but they were also aware what the goal is, know
what they do, and checking what they know and do not know. In other words, students'
perceived on learning path was hypothesized that could improve students' self-efficacy in
science had consistent with their performance. As the PISA 2006 had reported that self-
efficacy in science of Thai students had not correlated with achievement; they had high
mean score of self-efficacy but low mean score of achievement. Finally, it therefore

summarized that the metacognitive strategy embedded in inquiry learning model was


http://www.sciencedirect.com/science/article/pii/S1877042810002107
http://www.sciencedirect.com/science/article/pii/S1877042810002107
http://www.sciencedirect.com/science/article/pii/S1877042810002107
http://www.sciencedirect.com/science/article/pii/S1877042810002107
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developed in order to enhance science competencies, science process skills and self-

efficacy in science.

Theory/principle

The principle of metacognitive strategy embedded in learning inquiry model was
infused between inquiry learning approach and metacognition in terms of regulation of
cognition. In terms of inquiry based learning approach, inquiry was an active learning
process which engaged students learning with meaningful dialouge (NESE cited in
Anderson. 2002; Barrow. 2006: 266). Scientific inquiry was at the heart of science and
science learning, there were five essential features that apply across all grade levels — 1)
engaged in scientifically oriented questions 2) gave priority to evidence in responding to
questions 3) formulated explanations from evidence 4) connected explanations to scientific
knowledge 5) communicated and justified explanations. However, these five features had
four levels of inquiry. It was varied from less self-direction to much self-direction which
teacher could design and chose to suite students learning experiences (NESE.1996;
NRC.2000). In this learning model, 5E inquiry was used and students would finally be
achieved each feature of inquiry in each phase of 5E step by step which was as following;
engagement, exploration, explanation, elaboration, and evaluation respectively. According
to Schraw et al (1995; 2006) had defined metacognition as the ability to reflect upon,
understand (knowledge of cognition), and control’'s one learning (regulation of cognition).
Thus, regulation of cognition was required to enhance students to be aware and control
while learning. Regulation of cognition referred to a set of activities that help students to
control their learning. It comprised of three components included 1) planning (P)—related to
the selection of appropriate strategies and allocated of resources to be successful on tasks
2) monitoring(M)—referred to one’s on-line awareness of comprehension and task
performance including engaged self-testing while learning 3) evaluating(E)—referred to
appraising the products and regulatory process of one’ s learning. In terms of regulation of
cognition—P-M-E was used as sub cycle in each E phase included engagement,

exploration, explanation, and elaboration. In other words, regulation of cognition was driven
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the process of inquiry in order to enhance students to be aware what they did and attained

the features of inquiry.

Purposes
To enhance students’ science competencies, science process skills, and self-

efficacy in science.

2.1 The results of evaluation of the learning model by experts

The metacognitive strategy embedded in inquiry learning model was developed in
order to focus on students’ regulation themselves while learning inquiry. The steps of the
learning model were shown in Chapter 3. The second draft of learning model consists of
eight parts; 1) Background 2) Principle 3) Purposes 4) Learning process 5) Objectives and
roles of teacher and student and 6) Contribution. It was evaluated by three experts to check
the validity in terms of Index of Consistency (I0C). The lists of evaluation on each item in
part 1 related to the reflection of infusing of inquiry learning and regulation of cognition in
terms of; 1) the features 2) steps or learning processes 3) the features and learning
processes of learning model enhancing science process skills 4) the features and learning
processes of learning model enhancing science competencies 5) the features and learning
processes of learning model adjusting self-efficacy in science.

The lists of evaluation on each item in part 2 related to the appropriateness of
implementation in the classroom in terms of teacher’s role, students’ roles and purposes in
each phase; engagement, exploration, explanation, elaboration, and evaluation.

The result of evaluation on Index of Consistency (I0C) of the metacognitive strategy
embedded in inquiry learning model in each item was between 0.67 — 1.00 for more detail
was showed in APPENDIX B.

The experts gave comments and suggestions to improve the learning model was
that in terms of too much focusing on metacognitive regulation (planning-monitoring-
evaluating) leaded to be careless on five features of inquiry. Researcher then demonstrated
more clearly on five features of inquiry as the goal in each phase of learning even students

were learning based on step of planning-monitoring-evaluating, they finally aimed to attain
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the features of inquiry. Based on the experts’ suggestions, researcher adjusted learning
activities by giving more time to inferring data/evidence and engaged students to think and
make the explanation based on the evidences from the experiment. Moreover, the
translation of “self-efficacy in science” in Thai was changed.

Additionally, the experts gave the comments and suggestions to improve the
learning model: 1) in terms of too much focusing on metacognitive regulation (planning-
monitoring-evaluating) which lead to being careless on five features of inquiry. The
researcher then demonstrated more clearly on five features of inquiry as the goal in each
phase of learning even students were driving based on step of planning-monitoring-
evaluating, they finally aimed to attain the features of inquiry. 2) In exploration phase; the
researcher improved by giving more time to inferring data/evidence. 3) In explanation and
elaboration phases; the vague of process features between inquiry learning and the
metacognitive strategy embedded in inquiry learning model was asked by an expert; “were
the learning model the same as inquiry learning?” the researcher then showed its difference
in the lesson plan; inquiry feature was similarity as the step of planning-monitoring-
evaluating was hidden in the overview of inquiry learning but it was not identified clearly
step by step and clearly evidence like the metacognitive strategy embedded in inquiry
learning model. Because every phase with regulation of cognition of the learning model had
to write a plan clearly and used this plan as a checklist to monitor while on process and also
checking via discussion/ others' presentation and finally students evaluated/ made decision
to complete explanation or given tasks. 4) In evaluation phase; the comment of the expert
leaded researcher adjusted the learning activities by balancing between students’ self-
evaluation and the measurement of learning objectives by teacher. Finally, the translation of
“self-efficacy in science” in Thai was changed. The expert suggested that focusing on
planning-monitoring-evaluating is good for teachers if we could make its harmony linkage
structure of the metacognitive regulation and 5E inquiry. However, timing was concerned
that leaded researcher more considering and adjusting the pattern of ISNs notebook and
asking students instead of writing the plan in some activities. Based on suggestions and

pilot study had shaped the final feature of learning model and was showed as Figure 22
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Planning
Engagement-P-M-E phase Engagement — | Monitorng |
‘ Evaluating '
!
‘ Planning e
Exploration-P-M-E phase Exploration Monitoring |
‘ Evaluating '
!
‘ Planning | g
Explanation-P-M-E phase Explanation Monitoring |
‘ Evaluating '
!
. Planning | ™.
Elaboration-P-M-E phase Elaboration ' 1 —
LM onitoring |
{ Evaluating '
. ]
Evaluation phase Evaluation

FIGURE 22 The metacognitive strategy embedded in inquiry learning model

2.2 Description of the metacognitive strategy embedded in inquiry learning model

The learning model was adjusted based on all the comments from the experts and
the data from a pilot study. The metacognitive strategy embedded in inquiry learning model
finally consisted of five phases and was showed in details in each step of regulation of
cognition. The main question in planning step was related to what is the goal, what | know,
what | do not know, what | need to know, and how to know/do. These questions could help
students both regulation in process and could be extended to connect to the testable
question, variables when students needed to do the experiment. The figures below were
shown to describe how processes were driven; —the left side of each figure was the feature
of inquiry that students would get it when they completed that phase, while the
metacognitive strategy (cognition of regulation) namely planning-monitoring-evaluating were
shown the main activity and questions to attain each phase.

2.2.1 Engagement-P-M-E phase: this phase was aimed to enhance students’
abilities to make a plan, monitor, and evaluate their abilities and prior knowledge. Therefore,
students needed to be asked and evaluated their prior knowledge while discussion their

ideas with friends, making plan, and responding to given learning activities, questions as
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well as teacher promoted students’ interested in science question and students engaged in
scientifically oriented questions to formulate science question (testable question).

Students were engaged by instructional material such as pictures, clip video, news,
phenomena, and events that could be connected with new science concept they would
learn. Students used and evaluated prior knowledge related to those instructional materials.
Students interested in some issues related given instructional materials, proposed questions
and discussed what they were curiosity in those situations, considered about resources or
time and reached the main question to explore. In term of experiment activity, that main
question was changed and planned to become a testable question. Students asked
themselves; what | know, what | do not know to be the key when formulating the testable
question. Checking the question by checklist of testable question component and clarify via
whole class discussion. Based on the discussion, students evaluated and fulfilled the final
testable question. Teacher’'s role was to prepare the instructional materials, questioning
students sometime to know their prior knowledge and being as a facilitator; scaffolding

students by questioning or using sign.

GOAL: TESTAELE QUESTION , QUESTION
DISCUSSION
WRITING A PLAN
What | know?
What | do not know?
What | need to know?
Engages in , plammg il CHECK LIST
scientifically Engagement = ‘r DISCUSEION
oriented Monitoring -Is it right?
questions Evaluating -Is it completed
“What is the mistake?
Fulfilled the final testable question
QOr select the question to explore

FIGURE 23 Details in engagement-P-M-E phase

2.2.2 Exploration-P-M-E phase: this phase aimed to enhance students in being
able to make a plan, monitor, and evaluate their procedures to attain the required evidences.
Students perceived their capabilities to making plan and exploration. Therefore, students

needed to be asked and evaluated their knowledge and skills while discussion their ideas
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with friends, making plan, and responding to given learning activities as well as students
gave priority to evidence in responding to question.

Students set the main question/ testable question as a goal to find out the answers.
Students identified the needed evidence/data and proposed the ways to get those needed
evidence/data based on students’ experience by everyday language. Discussed and
completed the writing plan in order to get the evidences before doing the
experiment/explore. Using the ISN notebook as the writing plan and recording data sheet
when doing the experiments. Students transferred the experiment plan in ISN notebook from
everyday language (on left side) into science terminology (on right side); hypothesis,
variables, and defining operationally variable. Continuing checked the consistent among
plan, goal, and procedure while doing experiment/exploration/task via checklist. Discussed
about the results/data; comparing and inferring. Students evaluated the evidence and all the
results, inferring evidence/data, mistake. The teacher’s role was to prepare the instructional
materials, being as a facilitator; engaged students to monitor the procedures,
questioning/listening and clarifying about indicators and processes that students proposed

or discussed by every language.

GOAL: EVIDENCE

DISCUSSION

WRITING PLAN

What is the testable guestion or guestion?
What | know?

What | do not know?

What | need to know?

How to get the evidence?

What is the needed material or resources?

CHECK LISTWITH PLAN

Gives priority

- DISCUSSION
to evidence in " | Planning Lo fra ;
Exploration © -ls it right? Is the data making sense?
) | Monitoring |
responding to i 4 .
p ] e — -Is it completed?
questions Evaluating

-Am | reaching my goal?

“What is the mistake?

‘ Conclude the acguired evidences

‘ Evaluate all the procedures/ results/ mistake

FIGURE 24 Details in exploration-P-M-E phase
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2.2.3 Explanation-P-M-E phase: this phase aimed to enhance students were able to
make a plan, monitor, and evaluate their scientific explanation. Students perceived their
abilities in formulating the explanation from evidence, connecting explanation to scientific
knowledge, and communicating and justifying explanations. Therefore, students needed to
be asked and evaluated about their knowledge while discussing their ideas with friends,
making plans, and responding to given learning activities.

Students gave priority to the explanation based on the evidence. Students
connected the evidence or phenomena to science knowledge that they had learned or new
knowledge. Discussed and interpreted data or experiment results. Planning to make
conclusion and scientific explanation were started by recall the goal and evidence required
which were planned. Students asked themselves; what | know, what | need to know to be
the key when formulating the scientific explanation. Students made conclusion and scientific
explanation by using explanation template/guidance. Students checked the explanation via
the checklist and whole class discussion. They evaluated and made decision to fulfill the
explanation. Teacher’'s role was being as a facilitator; reminded students to plan the
formulating of explanation and monitoring the process, given students’ opportunity to make
discussion and presenting their ideas, listening and questioning, checking misconception,

clarifying students’ language, and giving new science concept.
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GOAL: EXFLAIN BASED ON EVIDEMGCE AND JUSTIFY

DISCUSSION

WRITING PLAN

1-What iz the goal? Testable question?
2-What is the required evidence?
3-What iz the result of experiment?
4-How can | conclude?

5-Why is it happened like that?

What | need to know? — > science concept, new concept

Formulates How to explain based on evidence?
explanations from CHECKLIST WITH PLAN &
evidence and EXPLANATION TEMPLATE
connects | Panning DISCUSSION
explanations to Explanation | S JT—
scientific e s itcompleted
Evaluating
knowledge N “Whatis the mistake? Compareto

communicates and

explanationtemplate

justifies

Fulfilled the final explanation

FIGURE 25 DETAILS IN EXPLANATION-P-M-E PHASE

2.2.4 Elaboration-P-M-E phase: this phase aimed to enhance students were able to
make a plan, monitor, and evaluate the applying of knowledge and skills they had learned to
solve the problems or science tasks; criticizing news, experimental, explaining scientific
phenomena, and so on. Students perceived own abilities both knowledge and skills
including realized about the fruitfulness of scientific contribution. Therefore, students
needed to be asked and evaluated their knowledge and skills while discussion their ideas
with friends, responding to the science task such as formulating testable question/goal,
exploring the evidence and formulating the explanation based on evidence, connecting
explanation to scientific knowledge including communicating and justifying explanation.

Students applied science knowledge and skills they had learned; set the goal of
assigned science task, made all the plans to attain—testable question, data/evidence, and
using science knowledge to explain phenomena or other situations scientifically. Teacher’s
role was to prepare the instructional materials/ science task and being as a facilitator; given

students presented their ideas, scaffolding sometime, checking misconception.
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GOAL: ACCOMPLISH THE GIVEN TASK

DISCUSSION: WHAT I5 THE POINT OF TASK/
WRITING PLAN

What | know::::: List and make a plan for make explanation
1-What is the goal? Testable question?
2-What is the required evidence?
3-What is the result of expariment?

4-How can | concluds?

Engages in 5-Why is it happened like that?
scientifically oriented What | need to know? — > science concept, new concept
questions; How to explain based on evidence?
Formulates CHECKLIST
explanations from Planning | DISCUSSION
evidence: connacts Elaboration | —| s it right?
explanations to -ls it completed
scientific knowledge “What is the mistake?
communicates and Compare to explanation template
justifies explanations. Fulfilled the final explanation

FIGURE 26 DETAILS IN ELABORATION-P-M-E PHASE

2.2.5 Evaluation phase: this phase aimed to evaluate students’ knowledge and skills.
Students perceived own abilities both knowledge and processes as students needed to
respond to the questions, worksheet and self-evaluation form about their gained knowledge
and skills. In other word, students perceived their capabilities related to learning concept
and learning ability they experienced which affected to level of self-efficacy in science.

Students were measured all knowledge and skills they had learned through
guestions, worksheet, journal, and self-evaluation form in terms of reflection what they had

learned by comparing knowledge and skills between pre- and post- learning activity.

TABLE 17 Overview and roles of teacher-student in each phase

Overview Sub cycle Student’ s role Teacher’ s role
Engagement Planning 1) response to pictures/ situation/ 1) prepares learning
Enhancing students were simulation/clip video/news/daily life ~ material such as pictures/
able to make a plan, which are presented by teacher situation/ simulation/clip
monitor, ~and  evaluate 2) recheck prior knowledge relate to  video/news/daily life
while learning and those presentations 2) questioning to know
perceived own abilities 3) propose the questions or students’ prior knowledge

both knowledge 3) giving the example of
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Overview Sub cycle Student’ s role Teacher’ s role
and processes as issues that they want to know or testable questions to
students needed to be investigate students and engage
asked and evaluated their 4) consider data from issues what them to pinpoint of those
prior knowledge while they already know and what they questions
discussion their ideas with have not known yet to formulate 4) engage students to
friends, making plan, and testable question (scientific create the testable
responding to  given question) or goal of investigation question; based on the
learning  activities. In question they have what
addition, students you already knew, what
interested in  science you have not known yet.
question and engaged in
scientifically oriented
questions to formulate
science question (testable
question).

Monitoring 1) Propose the testable question or 1) Shows students the
questions relate the presented comprising of testable
material and discuss question for monitoring
2) Check and compare the themselves.
formulated testable questions with 2) Being as a facilitator
others
3) Consider identifying the
companion of the formulated
testable questions or the questions
that can be learned belong to the
resources at that time.

Evaluating 1) evaluate all the testable 1) helps when students

questions presented in monitoring
step and make decision to write the

final testable question/ or questions

that needs to continue investigation.

need to scaffold; edit
students’ language in

sentences (clarifying)
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Overview Sub cycle Student’ s role Teacher’ s role
Exploration Planning 1) Identify the goal of investigate 1) Reminds students
enhance students were 2) Identify the evidences which can  about their goal/the
able to make a plan, be confirmed and consistent with testable question that
monitor, and evaluate the testable question/ or the goal of  they are going to pursuing
while learning and investigate 2) Being a facilitator while
perceived own abilities 3) Plan to get that evidence based  students are discussing
both knowledge and on asking themselves/guided; what  about the procedure plan
processes as students does the material need to use? How include gives students
needed to be asked and to get the evidence? What is the sometime the questions to
evaluated their knowledge indicator to collect the evidences? enable the complete plan
and skills while discussion Can it measure by number? Whatis  3) Listens and adjusts
their ideas with friends, the careful acting while doing the students’ identifying the
making plan, and experiment? instruments or indicators
responding to given include the procedures of
learning activities. In doing experiment that
addition, students gave proposed by students’
priority to evidence in experiences.
responding to question.  Monitoring 1) Checking between plan and 1) Engages students to
procedure while doing the monitor while doing the
experiment experiment by checklist;
2) Checklist on ISNs notebook got evidence yet?
about getting the evidences, error, On the right path?
problems occur while doing the 2) Being a facilitator
experiment by answer the questions
as following;
-Do | reach the evidences?
-Do | find something wrong?
-What is the problem?
-Is it right procedure?
-Is the data making sense?
Evaluating 1) Evaluate the evidences 1) Engage students to

2) Compare the results of
experiment or data with others

3) Recommend what they want to

evaluate the evidences
from the experiment

including find factors



145

TABLE 17 (continued)

Overview Sub cycle Student’ s role Teacher’ s role

Exploration

continue to investigate next.
4) Give suggestions about the

experiment

affecting error in the
experiment

2) Helps when students
need to scaffold; being a
facilitator

3) Ask students what they
do recommend or want to
continue to investigate

next.

Explanation
Enhancing students were
able to make a plan,
monitor, and evaluate
while learning and
perceived own abilities
both  knowledge and
processes as students
needed to be asked and
evaluated their knowledge
while  discussion  their
ideas with friends, making

plan, and responding to

Planning

1) Recalls the goal of investigation
to be the path to use the evidences
response to question in engage
phase.

2) Compare and interpret the
results from experiment and the
expected evidences

3) Discuss about the experiment
results

4) Lists the scientific principles

relate to the experiment results for

making explanation of those results.

1) Reminds students
about their goal/the
testable question that
they are going to pursuing
2) Being as a facilitator
while students are
discussing about the
experiment results
including gives students
the questions to enable
the learning objectives

3) Listens and adjusts the

alternative concept about

given learning activities. students’ opinion including
In addition, students their explanation about the
formulated explanation results that proposed by

from evidence, connected
explanation to scientific
knowledge, and
communicated and

justified explanations.

students’ experiences/own
language which might be
casual language and need
to connect to scientific
concept.

4) Writes the main point/
scientific concept that
students already

discussed relate to the
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Overview Sub cycle Student’ s role Teacher’ s role
Explanation experiment on the
blackboard
5) Checks students’
misconception and
understanding
Monitoring 1) Write the conclusion and 1) Reminds students to
explanation of the monitor while writing the
experiment/exploration and explanation by checklist
checklist with the goal or the 2) Gives students
template plan of scientific opportunities to presents
explanation their writing
2) Compare those conclusion and 3) Listen and being as a
explanation with others facilitator
4) Ask more details about
words in the paragraph of
explanation to check
misconception.
Evaluating 1) Evaluate and make decision by 1) Engages students to

comparing and making perfect

explanation with own language.

evaluate and make
decision to be complete
explanation

2) Adjusts the casual
language to formal

3) Recall the questions or
situations that mention at
the engage phase to
students in order to
connect and to be
revealed

4) Presents other contexts
or more details that relate

to the experiment results
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Overview Sub cycle Student’ s role Teacher’ s role
Elaboration Planning 1) Set the goal 1) Prepares instructional
Enhancing students were 2) Identify what can be the material such as pictures/
able to make a plan, important data or evidence to be situation/ simulation/clip
monitor, and evaluate ) ' -
the answer of question. video/news/daily life / work
while learning and
3) Propose the way to get data or sheet/ science task
perceived own abilities
evidence and identify the resources  2) Engage students to
both  knowledge and
processes as  students set/identify the goal and
needed to be asked and the ways to get the
evaluated their knowledge evidence/ data to use in
and skills while discussion solving those assigned
their ideaS W|th friends, Science tasks such as;
making plan, and What is the goal?
r nding to th ien
esponding to the science What is the needed data
task. In addition, students
to make you reach the
formulated testable
. goal? Where/How to get
question/goal, explored
?
the evidence and g <= Sl
formulated the How is the needed data
explanation based on relate to the question?
evidence, connected  Monitoring 1) Reminds the goal to check; Is it 1) Being as a facilitator
explanation to scientific complete data? 2) Reminds the goals to
knowledge including How is it related? the students
communicated and .
2) Proposes and compares the 3) Gives scaffold
justified explanation.
ideas with others sometime
4) Gives students
opportunities to presents
their ideas and listen them
5) Ask more details about
words students use in
order to check
misconception.
Evaluating 1) Evaluate and make decision by 1) Engages students to

comparing and making perfect

answer

evaluate and make
decision to be complete

the task.




148

TABLE 17 (continued)

Overview Sub cycle Student’ s role Teacher’ s role
Evaluation -none- 1) Self-evaluation in terms of 1) Prepares learning
Evaluating students’ reflects what they have learned material such as pictures/

knowledge and  skills.

comparing between pre- and post- situation/ simulation/clip

Students perceived own

learning activity and write the video/news/daily life / work

abilites both knowledge

journal sometime. sheet

and processes as

2) Response to the given 2) Listen, observe

students needed to be

measurement task students while doing given

responded to the measurement task
worksheet and  were 3) Given students task or
evaluated themselves test in order to measure
about their gained learning objectives.

knowledge and skills. In

4) Given students positive

other word, students feedback with focusing on
perceived their effort, tell them what good
capabilites  related to things they have and what
learning  activities  they should be more
experienced which consideration and

affected to level of self-

practice.

efficacy in science.

Section 3: The results of learning model implementation and evaluation
3.1 Context

The evaluation of learning model was conducted at a School in Bangkok during
January — February 2018. As the school policy had just changed in the middle of
November, 2017; gathering two classrooms into the big one class in some subjects. It
affected to 43 students were mixed from the moderate learning ability of M.1/1 and M. 1/3
which students were mostly slow learners in the same science classroom. Students were
grouped by mixed ability based on their same original classroom. There were 4-5 students

in one group. However, some of them would not complete some tests or they missed the

class too many times and as a result the total of students were calculated the statistic was
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only 33 students. The context of school was found like the previous findings of teachers’
opinions related the problems in the science classroom in many aspects;

The students in the class were much different in terms of prior knowledge, less
ability in language, the difference of abilities in learning and problems related behavior such
as talking too much and using mobile phone in the classroom had found. Classroom
management was also different from a pilot study. A few students were open-minded to
the feedback from the teacher and whole class discussion fulfilled their explanations. Less
attention had found especially in the post-test; most students finished the post-test in only
15-20 minutes which was less than pre-test.

In terms of the facilities in the classroom was limited such as LCD television which
was small and affected to the effectiveness of using ICT in learning activities and students'
concentration while learning. Lacking of laboratory equipment had found.

School activities were a lot like the general school but it affected to change the
schedule from the first meeting which affected to the time was less than the IPST curriculum
for two hours and separated period. Therefore, the summative assessment was rearranged
to the last day of school examination week. Researcher had to run the learning activities in
some topic quickly and measure learning objective based on observation instead of
checking their worksheet. In term of the test format in each subject in school, they had only
multiple choices and matching/ short answer. It was hardly to see the writing test even in

Thai subject.

3.2 The effectiveness of learning model
3.2.1 Students’ science process skills

To find the results, students had one hour to complete the test before and after
using the learning model. The test was paper-pencils test type consisted of basic process
skills 24 items (24 marks) and integrated process skills 16 items (16 marks). The results

were shown in Table 18.
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TABLE 18 The comparison between pretest and posttest score of students’ science process

skills

n X S.D t P
Pretest 33 18.73 6.40 0.796 0.432
Posttest 33 18.15 5.99

Table 18, the posttest was not statistically significantly higher than pretest at .05
level. The finding was quite unusual due to the students completed the posttest only 15-20
minutes and the test was done in the last period of long testing whole Friday day which was
different from pretest that had done in the first period of the day and students completed it
almost one hour. In other hands, they were less attention when doing the posttest compared
to the pretest.

In addition, based on the informal interview, students were asked the questions
related to what students had learned from the using of learning model, the difficulties they
had faced while learning, the appropriateness of using the learning model, and students’
satisfactions to the learning model and learning activities.

Students reflected that using the metacognitive strategy embedded in inquiry
learning promoted gain in science process skills and planning the experiment. Example

quotations were shown as following;

“Testable question was my new word, consisted of dependent and independent variables, we
could formulate by using the word ‘affect” to connect however they could be written in various type but
showing the variables” (SG3)

“I had never know the word “testable question” (SG4)

“We could apply testable question in science project” (SB2)

“I had just known the defining operationally; it was the definition of the word had to show
criteria” (SG5)

“Previous teacher did not have the step of planning just overview” (SG6)

“It had the objective and testable question to do the experiment that was different from my

previous experience” (SG3)



151

Additionally, making plan leaded students were conscious on procedures. Example

quotations were shown as following;
“Having the step of planning leaded me feel more understanding” (SG5)
“The plan in left side was helpful for me” (SB3)
“Easy to understand, it made me know what | had to do or | had to do this” (SG4)

“l could create the plan, but if the cookbook sheet was already created by teacher” (SG5)

However, a student reflected that making plan was not helping her consciousness
on procedure.

“It helped me just a little” (SG6)

3.2.2 Students’ science competencies
Finding, the post-test of science competencies was statistically significantly

higher than pre-test at .05 levels. The statistic was shown in table 19.

TABLE 19 The comparison between pretest and posttest score of students’ science

competencies

n Full X S.D. t P
score

Overall Pretest 33 22 8.39 2.235 -2.108 .043*

Posttest 33 22 9.18 2.899
Explain Phenomena  Pretest 33 9.00 3.70 1.075 452 .654
Scientifically Posttest 33 9.00 3.61 1.345
Design Scientific Pretest 33 5.00 2.61 0.933 -1.299 .203
Enquiry Posttest 33 5.00 2.88 0.781
Interprets Data Pretest 33 8.00 212 0.927 -3.288 .002*
and Evidence Posttest 33 8.00 2.73 1.281
Scientifically

*p <.05

Table 19, the overall of science competencies post-test was statistically

significantly higher than pre-test at .05 level.
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There was no statistical significant difference between pre-test and post-tests at .05
level on explain phenomena scientifically. The amount of students who placed higher than
50% of full score was same. These are unusual findings. It might because the students’
reading comprehension or students’ attention while doing the post-test because the post-
test was done on the last day of examination week in second semester. Students completed
the post-test so quickly and may have not be dedicating themselves to it as they could
have.

There was no statistically significant difference between pre-test and post-test at
.05 level on design scientific enquiry.

It was statistically significant difference between pre-test and post-test at .05 level
on interprets data and evidence scientifically.

In addition, based on informal interview, students were asked the questions related
to the difficulties they had faced while learning. Students reflected that they had problems
related to writing. It indicated that students’ ability in language might affect to their science
competencies because the test required students to comprehend, use the information in

paragraph, and response by writing justifying. Example quotations were shown as following;
“I had problem in writing” (SG5, SB1)
“I could not reflect my though in writing, it was less than my though” (SB3)
“When | wrote my thought was changing more and more, | liked to explain the particular topic
given from teacher rather than explain what | had gained knowledge” (SG6)
“Self-evaluation leaded me perceived | had gained knowledge from the lesson but | sometimes

could not write it however | knew that | had gained more knowledge than before” (SG4)

However, some students reflected that time was a condition for practicing their
writing skills.
“I was not familiar with writing on worksheet if doing more, it would be more familiar” (SB7)

“In beginning | could not reflected as my though but later it was better” (SG4)
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3.2.3 Students’ self-efficacy in science
The comparison of students’ self-efficacy in science between pre- and post-test

was shown below in Table 20

TABLE 20 The comparison between pretest and posttest score of students’ self-efficacy in

science
n X S.D t o
Pretest 33 2.93 0.35 -2.999 0.005*
Posttest 33 3.25 0.49
*p <.05

Table 20, the students’ self-efficacy in science posttest was statistical significantly
higher than pretest at .05 level.

In addition, based on the informal interview, students were asked the questions
related to what students had learned from the using of learning model, the difficulties they
had faced while learning, the appropriateness of using the learning model, and students’
satisfactions to the learning model and learning activities.

Students reflected that they were confident on experimental planning and science

process skills. Example quotations were shown as following;
“I could create the plan, but if the cookbook sheet was already created by teacher” (SG5)
“Talking before doing the experiment made me more understanding” (SB2, SB7, SG6)
“It made me more understanding, there had the objective and testable question to do the
experiment that was different from my previous experience” (SB1)
“Easy to understand, it made me knew what | had to do or | had to do this” (SG4)
“The humidity experiment was reality situation and | could measure it, | had just known that the

level of relative humidity was depended on place, temperature” (SG4)

Furthermore, students demonstrated that they had positive attitude with using the

learning model.



154

“I liked it, informally planning” (SG5)

“I liked humidity experiment because it was reality situation” (SG4)

“l liked the balancing bag because it was fun; | had just known that heat made the bag
become lighter” (SB2)

“I liked the experiment of balloon in hot water because it was challenging me to measure the
size, it needed to quickly measure because it shrinked quickly. Even | used to see the extension-shrink
of food bag but | never knew why it happened but this experiment made me knew that because of the

air pressure” (SB1)

Students also recommended that the context of classroom atmosphere and
students’ character were the important condition to be considered before using the learning

model and quietness atmosphere was required by certain students.

“It was appropriateness to use in secondary school students” (SB1, SB3, SG4, SG5, SB7)

“It was appropriateness to use in secondary school students however depends on students”
(SB2)

“The learning model suited for students who was attention in learning and the class had not
noisy but our school did not” (SB2, SG5)

“I required high concentration while learning by this learning model” (SG6)

“Using this learning model was not required high concentration for me” (SG4)

“Friends made talking affected to my concentration while learning” (SB2, SG6)

“This learning model should be used even students made noisy but find the way to make them

be quiet” (SB2, SB3, SG4, SG5)

3.2.4 The correlation between students’ science process skills and science
competencies.

Pearson’s correlation was calculated to find the correlation between science

process skills and science competencies on posttest. The scatter graph was shown as

Figure 27.
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FIGURE 27 The scatter graph of correlation between science process skills and science

competencies

Figure 27, it demonstrated that the scatterplots had positive correlation; both
science process skills and science competencies moved in the same direction. In other
words, as science process skills increased science competencies also increased. As
science process skills decreased science competencies also decreased. Moreover,

Pearson’s correlation has shown in Table 21.

155
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TABLE 21 The Pearson correlation between science process skills and science

competencies

science process skills science competencies

science Pearson Correlation 1 704"
process skills Sig. (2-tailed) .000
n 33 33
science Pearson Correlation 704" 1
competencies Sig. (2-tailed) .000
n 33 33

** Correlation was significant at the .01 level (2-tailed).

Tables 21, it had found the correlation between science process skills and science
competencies; Pearson’s correlation is .704 on posttest. It was high correlation between

science process skills and science competencies.

3.2.5 The correlation between students’ science competencies and self-efficacy in

science
Spearman’s rho was calculated to find the correlation between science

competencies and self-efficacy in science on posttest. The result was shown as Table 22
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TABLE 22 The spearman’s rho between science competencies and self-efficacy in science

in pretest
POST- Science Self-efficacy
competencies

Spearman's Science Correlation Coefficient 1.000 .004

rho competencies Sig. (2-tailed) . .984
n 33 33

Self-efficacy Correlation Coefficient .004 1.000

Sig. (2-tailed) .984
n 33 33

Tables 22, it had no correlation between science competencies and self-efficacy in

science; Spearman’s rho was .004 on posttest.



CHAPTER 5
CONCLUSION AND DISCUSSION

This chapter presented the conclusion of the study, discussion of research

findings, limitation, and the recommendation for the further research.

Research objectives

1. To discover the problems based on science classroom in Thailand.

2. To develop the metacognitive strategy embedded in inquiry learning model.

3. To evaluate the effectiveness of a learning model on students’ science process
skills, science competencies, and self-efficacy in science.

4. To find the correlation between students’ science competencies and science
process skills.

5. To find the correlation between students’ science competencies and self-

efficacy in science.

Research questions

1. What problems are often found in the science classroom in Thailand?

2. What are the features of metacognition strategy embedded in learning inquiry
model?

3. Does the metacognitive strategy embedded in inquiry learning model effect on
students’ science process skills, science competencies, and self-efficacy in science?

4. Do the students’ science competencies have correlation with science process
skills?

5. Do the students’ science competencies have correlation with self-efficacy in

science?
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Research hypotheses
1. The metacognitive strategy embedded in inquiry learning model effected on
students’ science process skills, science competencies, and self-efficacy in science
1.1 Students’ posttest score of science process skills was statistically
significantly higher than pretest score at .05 level.
1.2 Students’ posttest score of science competencies was statistically
significantly higher than pretest score at .05 level.
1.3 Students’ posttest score of self-efficacy in science was statistically
significantly higher than pretest score at .05 level.
2. Students’ science competencies had correlation with science process skills.

3. Students’ science competencies had correlation with self-efficacy in science.

Research instruments
1. Science process skills test
2. Science competencies test

3. Self-efficacy in science test

Research methodology

This study was a research and development. The research was conducted since
first semester of 2014 academic year for collecting the data of preparation stage which
leaded to develop the metacognitive strategy embedded in inquiry learning model and
research instruments and finally had evaluated the effectiveness of learning model in
January 2018. The detail in each stage was as follows:

(1) The preparation stage: the data were conducted from two aspects:

1.1 Science teacher’s opinions on science problems in science classroom by
opened-questionnaire from schools across Thailand. The population included science
teachers who taught the eighth grade students in public schools all over Thailand. There
were 36 science teachers who taught the eighth grade students in public schools all over

Thailand and were willing to respond to the given question from 36 schools located in nine
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areas based on PISA Thailand criteria of sampling. The samples were selected by cluster
random sampling.

1.2 The explorations of lower secondary school students’ level on science
process skills in Bangkok. The population was lower secondary school student in Bangkok
is 230,101 students which were consisted of 116,526 boys and 113,575 girls in 2017
academic year. The samples were selected by using technique 5% of the Yamane formula,
stratified random sampling and simple random sampling, respectively. They were 426
students which were consisted of 189 of seventh grade, 113 of eighth grade, and 124 of
ninth grade students in Bangkok during August — September 2017 in first semester of 2017
academic year. These became the basic data leaded to the research title including

emphasizing some process skills in the lesson plan.

(2) The developing learning model and research instrument stage

It was begun with review the literature to find out the previous study that could
enhance students’ science process skills and regulate students’ awareness while learning.
Finally, the learning model draft was developed based on 5E inquiry learning and
metacognition strategy which consists of 1) engagement-P-M-E 2) Exploration-P-M-E 3)
explanation-P-M-E 4) elaboration-P-M-E 5) evaluation. The result of learning model verifying
by three experts had showed high appropriate level.

Research instruments were constructed by researcher which consisted of three
tests as following:

1) Science process skills test consisted of forty items which are twenty-four
items of basic science process skills and the sixteen items of integrated science process
skills. The reliability (KR20) of the test was 0.83.

2) Science competencies test consisted of twenty-two items. The reliability
(KR20) of the test was based on test format included: 0.42 for multiple choice, 0.53 for
complex choice (true false), and 0.53 for writing (open-ended response), respectively.

3) Self-efficacy in science test consists of forty-one items created in Likert

scale with five point scale. The Cronbach’s alpha of the test was 0.91



161

The learning model with lesson plans and all research instruments were
revised based on experts’ comments and suggestions.
4) The pilot study: findings, some activities and instructional material had to

adjust as follows:

® Using a technique of identifying students’ name on the group
picture and a big sign name of students in order to remember all students and make more
effectively classroom management.

® Adjusting the ISNs notebook to compact and have less writing
part.

® More considering on engaging students in writing. Formulated the
example template of main context in the explanation paragraph to be the exemplar.

® Adjusting the wind experiment in order to make it clearly.

® Choosing the figure in terms of photo rather than drawing picture in
Power point or worksheet.

® More considering in terms of students’ misconception which could
be adjusted by teacher’s role had to check in monitoring step by more questioning and
adjusting the ISNs by adding a part of before-after picture idea of matter changing in the
experiment.

® Adjusting to less writing on worksheet or combined some activities,
assignment as homework, discussing in whole class instead of small group, and presenting
students’ idea at their group table.

® Re-arranging the schedule.

(3) The evaluating stage

The complete learning model with nine lesson plans and all research
instruments were proven the effectiveness of learning model developed on each.
Hypotheses were tested and the results are concluded.

The population included seventh grade students in Bangkok. The participants
consisted of thirty-three of seventh grade students from a school in Bangkok. Purposive

sampling was used; they were students in public school, mixed achievers, had problems in
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science classroom same as the results in stage 1. Data were collected during January —

February 2018 which was in second semester of B.E. 2560 academic year.

Conclusions
The conclusions were presented based on the research questions as follows:
(1) The results of basic data

Firstly, an exploration of problems in science classroom revealed that students
the highest was problem related students’ behavior (38.46%) and the second was students’
lacking of science process skills and less concern while doing the experiment (35.89%)
while problem related students’ language ability (5.13%), lacking of laboratory equipment
(10.26%) and curriculum (10.26%) were revealed (seeing in Chapter 4 for more details).
Although problems related to students’ behavior had found the most but it is influenced by
many factors and needs a long time to shape and change. Therefore, the problem related
lack of science process skills and less concern oneself while learning was focused on this
study.

Secondly, the exploration of lower secondary school students’ level on science
process skills in Bangkok. Findings, students mostly were at moderate level on basic
process skills (mean score is between 45 — 64% of full score) and were at low level on
integrated process skills (mean score less than 45 % of full score) however high level of
process skills was found in terms of measuring (69%), communicating (78%), and
predicting skills (66%). Consequently, these basic data leaded to step of investigating and
developing the suitable learning model which could regulate students while learning as well
as enhance students’ science process skills. In addition, integrated science process skills
become focusing process skills which are practiced through designing experiments

following the learning model.

(2) The metacognitive strategy embedded in inquiry learning model
The metacognitive strategy embedded in inquiry learning model consisted of

five phases includes;
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2.1 Engagement-P-M-E phase: engage students by object, events etc. or
those phenomena are connected with previous contents lead to evaluate prior knowledge
related those situations. Students interest in some issues, propose questions and discussion
what they are curiosity with in those situations and reach the main question to explore.
Based on main question is planned to formulate a testable question by questions
themselves. Checking the question by checklist of testable component and clarify via whole
class discussion. Students evaluated and fulfilled the final testable question.

2.2 Exploration-P-M-E phase: give priority on evidence. Set the testable
question as a goal. Identify the needed evidence/data. Propose the ways to get those
needed evidence/data based on students’ experience by everyday language. Discussion
and complete all plans before doing the experiment/explore. Students clarify science
terminology. Continue check the consistent among plan, goal, and procedure while doing
experiment/investigation/task via checklist. Discuss about the results/data; comparing and
inferring. Evaluate the evidence and all the results, inferring evidence/data, mistake.

2.3 Explanation-P-M-E phase: priority on explanation based on the
evidence. Students connect those evidence or phenomena to science knowledge that they
have learned or new knowledge. Recall the goal and required evidence which are planned.
Discuss and interpret data. Plan to make explanation by using explanation
template/guidance. Check through checklist and discussion. Evaluate and make decision to
fulfilled explanation.

2.4 Elaboration-P-M-E phase: apply science knowledge and skills they have
learned; the testable question formulation or ask question to be the goal of assigned
science task, make a plan to attain data/evidence including use science knowledge to
explain phenomena or other situations.

2.5 Evaluation phase: measure all knowledge and skills they have learned
through questions, worksheet, journal, and self-evaluation in terms of reflect what they have

learned comparing between pre- and post- learning activity.
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(3) The effectiveness of the metacognition strategy embedded in learning
inquiry model
3.1 Science process skills
Students’ posttest score of science process skills was not statistically
significantly higher than pretest score at .05 level.
3.2 Science competencies
The overall mean scores of science competencies posttest were statistically
significantly higher than pretest at .05 level. However, in each competency revealed that the
interpret data and evidence scientifically competency was statistically significantly higher
than pretest at .05 level. Whereas the design scientific enquiry competency and explain
phenomena scientifically competency were not statistically significantly higher than pretest
at .05 level.
3.3 Self-efficacy in science
The students’ self-efficacy in science posttest was statistically significantly
higher than pretest at .05 level.
3.4 The correlation between science process skills and science competencies

There was correlation between science process skills and science
competencies; Pearson’s correlation is .704 on posttest. It was indicated that science
process skills had strong correlation with science competencies. In other hand, students’
abilities in science process skills had relationship with science competencies; high score of
science process skills tended to enable high score of science competencies.

3.5 The correlation between science competencies and self-efficacy in science

There had no correlation between science competencies and self-efficacy

in science; Spearman’s rho was .004 on posttest.

Discussions

According to this research was originated due to the problems of students’ lacking
science process skills and less concern while learning in science classroom however
students’ science competencies and students’ self-efficacy in science were expected to
improve as a result researcher had developed the learning model and evaluated the

effectiveness. Therefore, this part consisted of four parts discussion about the problems in
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science classroom, the metacognitive strategy embedded in inquiry learning model, the
effectiveness, and the factors affecting to the using of learning model.
1) The problems in science classroom

As problems related to classroom activities was students’ lacking science
process skills. It demonstrated that students’ lack those process skills might related to
learning activities and finally students could not acquire science knowledge. Furthermore,
the problem of lacking science laboratory equipment in this survey might affect creating an
activity of learning in science classroom; therefore, students had less chance to do the
experiments. Moreover, Boonklurb (2000) reported that lacking of science equipment was a
limitation of teaching/learning science in Thailand and the study of Colangelo et al (2009)
suggested that school should support the lab material for science learning. A study of
Kruea-In & Thongperm (2013) stated that insufficiency of laboratory equipment was a
significant obstacle in the integration of science process skills into teaching. Therefore,
students’ achievement became low. Moreover, several reports showed that science process
skills have positive correlation with science performance and achievement (Ong Saw Lan.
2006; Aydogdu. 2007; Feyzioglu, 2009; Oloyede, 2012; Volkan, Dilber, & Yasemin, 2012;
Chaurasia, 2015) however some studies showed low positive correlation between the
science process skills and achievement in science among high school students (Raj & Devi,

2014). Consequently, lacking of science process skills might affect to their achievement.

2) The metacognitive strategy embedded in inquiry learning model

The learning model was infused between inquiry based learning approach and
metacognitive theory in terms of the regulation of cognition—planning (P), monitoring (M)
evaluating (E). The learning model consisted of five phases namely; phase 1: Engagement-
P-M-E, phase 2: Exploration-P-M-E, phase 3: Explanation-P-M-E, phase 4: Elaboration-P-M-
E, and phase 5: Evaluation. Those features were focused on identifying the goal and then
making a plan before doing tasks/ learning activities. Students then used the plan as a
checklist to monitor their learning on-line procedures they also had opportunities to
collaborate in planning/ doing tasks and share their ideas through the discussions in order

to compare and make decision to fulfill their ideas in any phase of learning. Beyond it
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enhanced students realized and open-mindedness from other perspectives. Finally,
students attained the goals; five features of inquiry. Its detail in each phase of this learning
model reflected what familiar with previous studies and why could enhance students’
science process skills, science competencies, and self-efficacy. The details were as
following;

Refer to the theoretical framework of this study in Chapter 2, the effectiveness of the
using learning model was evaluated through students’ science process skills, science
competencies, and self-efficacy in science. The learning model could enhance students’
performance as following;

The metacognitive strategy embedded in inquiry learning model consisted of
5Einquiry learning therefore, the goal in each phase of learning model is based on five
essential features included 1) engagement-P-M-E phase, students finally reached the main
question to explore based on their interesting in the short activities. They had to change that
main question into the testable question. This is similar to Bybee et al (2006) stated that
engage in a new concept through the use of short activities to promote students’ curiosity
and expose students’ prior knowledge. Students propose the questions that they want to
know and then make the question to be narrowed and sharpened (NRC. 2000; Barrow.
2006) which can be testable. However, as the sub-cycle steps of plan (P)-monitoring (M)-
evaluating (E) of the learning model might lead students formulate the testable question by
asking themselves before presenting and checking their ideas via whole class discussion. It
is consistent with Kramarski & Mevarech (2003) suggested that students could ask
themselves by comprehension question, strategy questions, and connection questions for
completing the plan. Refer to students giving opinion in the informal interview, it was showed
that students understand how to formulate the testable question; they can identify the
component of testable question and describe how to formulate the testable question.
Moreover, students stated that ‘testable question’ is new word for them and they can apply
to science project subject however this study had found some students needed help.
Therefore, it is important point to remind science teacher to make students clearly about
testable question as it is the first step to explore/design the experiment, and could enhance

student’ ability on science competencies2; evaluate and design scientific enquiry. This is
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similar to NRC (2000) stated that teacher plays a significant role in guiding the identification
of questions. 2) exploration-P-M-E phase, students finally give priority on evidence. Set the
testable question as a goal to find out the answers. |dentify the needed evidence/data.
Propose the ways to get those needed evidence/data based on students’ experience by
everyday language. Discussion and complete all plans in order to get the evidences before
doing the experiment/explore. Students transfer experiment plan from every language into
science terminology; hypothesis, variables, and defining operationally variable. Continue
check the consistent among plan, goal, and procedure while doing experiment/investigation/task
via checklist. Discuss about the results/data; comparing and inferring. Evaluate the
evidence and all the results, inferring evidence/data, mistake.

This is similar to Bybee et al (2006) stated that learners may complete lab
activities that help them use prior knowledge to generate new ideas, explore questions and
possibilities, and design and conduct a preliminary investigation. The evidence is subject to
questioning (NRC. 2000). While students make a plan before doing the experiment, the
comprehension question can encourage students to reflect on a problem before solving it.
Strategy questions can encourage students to think about what strategy might be
appropriate for given task and provide a reason or rationale for that strategy choice
(Kramarski; & Mevarech. 2003: 286 -287). Explicit prompt in the form of checklist with
entries for planning, monitoring, and evaluating which also help students get more systemic
and strategic during problem solving (Schraw. 1998). It could be said that planning and
monitoring by checklist could encourage students to think about the strategies used in the
process of learning and get more systemic while doing the experiments because students’
opinions from the informal interview reflected that planning help them to understand what
they learn, what they have to do, and why they have to do those procedures. They almost
reflected that the planning in ISNs notebook is helpful to follow and check the procedures.
They had more chances to monitor the process via discussion and especially with the clear
plan and goal that would enhance students understand both the concept and process they
learned. It showed students have more concern about the experiment process. In addition,
students stated that have clearly plan before doing the experiment is new experience for

them. However, using everyday language to plan the experiment process and then transfer
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to science terminology makes students feel easy. In other hand, this point should be more
consider as students finally have to do the test in formal language and involve science
terminology students might face difficulties or feel not familiar with science terminology if the
using learning model is not long time enough; same as this phenomena. In explanation-P-
M-E phase and elaborate-P-M-E also had steps of planning-monitoring-evaluating. Provide
students opportunities to demonstrate their conceptual understanding, process skills, or
behaviors (Bybee et al. 2006). Students formulate explanations from evidence to address
scientifically oriented questions, communicating and justifying proposed explanation (NRC.
2000). After discussion about the results students could use the plan and writing template
of explanation to help them while formulate the explanation by themselves, students also
monitor their ideas via discussion and fulfill the explanation. However, based on class
observation, the gap was students’ background affect to this step to make decision and
fulfill own explanation. Moreover, based on informal interview had found that to explain by
writing was a problem of some students which might affect to the test (paper-pencil test).
Thus, it demonstrated that this 5Es inquiry with regulation of cognition could make
students concerned what they were doing in each step and more understood about process
and product of learning activity which was positive to the research objectives. However,
students also reflected that the classroom context with not annoying would more effectively
use this learning model. In addition, the using of this learning was enhancing students to
plan before doing any task with clearly goal, to find the ways to accomplish and to make a
checklist then. They could realize the continually doing since beginning to success the task
which influenced to their perceiving in capabilities and got higher level of self-efficacy.
However, to evaluate the learning model developed was required by the
effectiveness of learning model on students’ science process skills, students’ science
competencies and students’ self-efficacy in science and its results of effectiveness was not
attain all research objectives. It might because of the other factors affecting which are

discussed.
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3) The effectiveness of metacognitive strategy embedded in inquiry learning

model

3.1 Students’ science process skills

The post-test was not statistically significantly higher than pretest at 0.05
level. The finding was quite unusual due to the students complete the post-test only 15-20
minutes and the test was done in the last period of long testing whole Friday day which was
different from pre-test that was done in the first period of the day and students completed it
almost one hour. This study was consistent with the study of Seetee (2016) that students
finished the science process skills test in short time was mentioned as the factor affecting to
the development of eleventh grade students’ science process skills. However, to attain the
hypotheses, four factors were considered as factors affecting to enhance science process
skills are as follows:

3.1.1 Time limitation: There were thirteen process skills to be enhanced
in this study leaded students had not much doing the exercise/activities to learn in each skill
explicitly in the class which was consistent with the study of Ong Saw Lan (2006) stated that
experiment abilities needed to be practiced over a period of time. In addition, it had
consistent with the previous studies that time constraint was mentioned as an obstacle for
secondary school teacher (Kruea-In & Thongperm. 2014) and time limitation was a concern
factor to succeed the implementation (Lati et al. 2012; Jeenthong et al. 2014).

3.1.2 Students’ experience and background knowledge: This factor
referred to students had experienced in daily life and their prior knowledge which were
required to be a basic factor in order to propose and complete experiment designing via
verbal casual (everyday language) at planning step and then adjust those propose into
science process; less experience became an obstacle to make and propose a plan. It
revealed that students who were sophisticate even their pretest score was low but they
could propose the procedure of experiment however needed more time to transfer from
everyday language into scientific terminology. This finding had consistent with previous
research studies had mentioned about students’ prior knowledge and cognitive abilities had
affecting to the promoting of science process skills (Yvonne Beaumont & Walt. 2001: 142;

Kruea-In & Thongperm. 2014; Jeenthong et al. 2014) especially was asserted that good
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students’ performance on integrated science process was depended on their experience
with and domain-specific practice activities on the skills in prior task (Germann et al. 1996
cited in Yvonne Beaumont & Walt. 2001).

3.1.3 Assistance: Students who participated in the evaluating stage often
needed help while learning, especially at planning stage such as to set the goal to find the
answer and transferred the casual plan into science terminology. It was consistency with the
study of Mei (2007) and Nelson (2004) had indicated that scaffolding was a key to help
students acquired science process skills due to scaffolding guided students being able to
learn new or complex skills and was required to read more in order to accomplish the
research independently. However, Mei (2007) had suggested that balancing between
providing students supported and allowed them to be independent learner was that
considered by teacher. Thus, students’ prior knowledge in this study was not high and slow
learners, it might affect to students had less opportunities of own independently doing or
they still needed scaffolding.

3.1.4 Attention: It was a factor affecting which was noticed from
observation, informal interview was mentioned that their friends made noise, and the result
revealed that students who pay attention had the posttest score higher than pretest which
was consistent with the study of Krue-In & Thongperm (2014) stated that students’

interesting was an factor affecting to the promoting of science process skills.

3.2 Students’ science competencies

The posttest was statistically significantly higher than pre-test at 0.05 level.
In addition, the post-test score was higher than pretest and statistic had found significant
difference between pre-test and post-test in terms of interpret data and evidence
scientifically. According to three science competencies in this study was referred to
‘Science literacy’ in PISA 2015 framework (OECD. 2016: 19). According to the statistic
showed significantly might because of this learning model was based on inquiry learning
which given students had frequently done in designing experiment in which they had to
identify the needed evidences firstly in the planning step. Moreover, any planning in each

phase of the learning model had to determine the goal and propose the ways to explore the
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answer. These processes made students interpret more data or evidences which were
consistent with the National Science Standards (1996), Paul Elliott (2010: online) and Lalia
Halim (2015) had stated that science literacy could be achieved by emphasizing inquiry
teaching and learning especially Hofstein et al (2004) had suggested inquiry-type laboratory
work included identifying questions, forming hypothesis, designing and conducting
scientific investigations, and formulating scientific explanations were important to develop
science literacy however National Science Standards (1996) suggested that to achieve
science literacy was taken time.

Nevertheless, in terms of design scientific enquiry and explain phenomena
scientifically post-test showed not statistically significantly higher than pre-test at 0.05 level.
Consequently, six factors might be considered in order to attain overall science
competencies:

3.2.1 Students’ experience and background knowledge: To achieve all
three science competencies (science literacy 2015) were required both knowledge of
concept and knowledge of the common procedure and practices associated with scientific
enquiry and how to enable the advanced science (OECD. 2016: 18). In this study, the test
was given on a subject that affects everyone's daily life, the atmosphere, weather and
climate change that was required students to consider the effect in person/ local/ global
level. It was required mastery skills and concept. But students in this study mostly needed
helps therefore; students’ experience and background knowledge might affect to
accomplish those competencies. This finding had consistent with Seetee (2016) that
students had low background in basic concept or underlying chemistry concept affected to
hardly develop students’ acid-base conceptual understanding.

Moreover, the metacognitive strategy embedded in inquiry learning
model aimed students set the goal and planned at planning stage of 4E. It was revealed,
especially at the exploration phase, that students that were less experienced could not to
propose the ways to get the answer or data/resources or the evidence from the experiment.
The researcher had noticed that students who were low achievers but had much experience
could identify the goal and propose the ways. boys were better than girls, and high

achievers could identify the goal and propose the ways with fluent casual dialogue. Thus,
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students had experienced with encountering problems and practiced in thinking/ planning
before making decision in daily life would be fostered to develop science competencies
especially design scientific enquiry.

3.2.2 Students’ science process skills: referred to the correlation
between science process skills and science competencies of this study showed having
strongly correlation (r = 0.704) (Evans. 1996). It could be indicated that students who had
mastery on science process skills enabled them to achieve on science competencies and
vice versa. Based on students’ pretest and posttest on science process skills were not high
therefore, it affected to students’ science competencies. It used to be suggested by Krue-In
& Thongperm (2014) that barely bound of science process skills in the classroom leaded
students placed at low level of achievement both on national measurement (O-NET) and
international measurement (TIMSS and PISA Measurement).

3.2.3 Students’ readiness: to achieve science competencies, students
had to apply both process skills and scientific knowledge related phenomena/ situations to
explain reasonable based on evidence in the given data. In other hand, it needed both to
learn science effectively and practice science (Yore; Bisanz;& Hand. 2003) whereas
students’ background knowledge was not high, most of them were slow learners and due to
seventh grade students (12-13 years old) was a beginning period of formal-operational
stage based on Piaget’ s theory of cognitive development which suggested that children at
12-15-year-old can think abstractly and more complexly and become reasonable and good
at problem solving thinking person when they grow up (IPST. 2013: 10). Students probably
were inadequate to handle on science competencies. In other word, students’ readiness
was a factor affecting to develop science competencies. Students’ readiness was stated by
Yvonne Beaumont & Walt. (2001) that eighth grade students’ poor performance on the skills
of identifying variable and formulating hypotheses because the likelihood that students have
never learned those skills and that students’ levels of cognitive development is inadequate
to handle with two skills. Furthermore, it was consistent with Rohaida & Kamariah (2005) who
studied about web-based instructional material to acquire process skills and they
suggested that students’ readiness affect to students’ acquisition basic and integrated

science process skills due to fifth grade students have difficulties in handling the final level
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of all the three simulate activities, they are unable to solve problem related to manipulation
of multiple variables which is integrated in web-based program thus they choose to solve
the problem by manipulating one at a time instead. This demonstrated that students are not
cognitively ready to meet the demands of the instructional material. But, integrated science
process skills were more appropriate at the high school levels and in higher
education levels. The basic skills were the prerequisites for integrated skills
(Akinbobola andAolabi, 2010: 33; Beaumont-Walters and Soyibo, 2001: 133 cited in
Seetee. 2016: 249)

3.2.4 Language ability: researcher had found in Elaboration phase that
many students finished reading the article but they could not mention what needed
data/knowledge that had to know in order to get the answer. Researcher had to repeat
reading and asked students to point out the important matter in each step, gave them more
questions related the main idea then they could interpret those situations. Referred to the
science competencies test was given information in paragraphs that might affect to students
who were weakly reading comprehension to set the goal in order to explore the answer or to
recall the scientific concept related those given information. Moreover, informal interview
was reflected that student had faced difficulties in writing, it had found that some students
wrote sentences not priority including they gave the answer not response to the question.
Virginia Kearton (online) asserted that read, write, speak, debate and actively listening are
the significant challenge for those who inexperienced in science. Therefore, it had to be
more considered to on students’ ability in language in order to accomplish on science
competencies. Referred to scientifically literate person must be able to read, write and talk
the language of science appropriately comfortably and effectively (Hodson. 2009: 241 cited
in Virginia Kearton: online). Literacy in science was about the using of language in inquiry
and the construction of meaning (Yore; Bisanz;& Hand. 2003; Paul Elliott. 2010: online).
Thus, language ability was considered as a factor because students faced difficulties with
reading and writing and this factor were also stated by Hodson (2009).

3.2.5 Familiarity with test format: According to science competencies
test in this study was quite different from the previous science test that students had

experienced with; they experienced with multiple choice and given short answer in science
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test which was focused on content. This test was given real situation/ information/ articles
and required students to use both process skills and to formulate explanation based on
evidence in the given data with scientific reasoning. Students might not be familiar with this
test format. It could be assumed by those short answer students response was based on
the concept they had learned but was not in the given prompt. Additionally, most of subjects
in the school evaluated students’ achievement by the multiple choices test and sometimes
in short answer test format. It was rare to ever seeQ a writing test format. That might have
lead to students lacking in writing or priority thinking. The study of Germann et al (1996)
cited in Yvonne Beaumont-Walters & Kola Soyibo (2001) had considered that the effect of
other subjects lacking of communication skills to express explicitly in writing as a factor
affecting to TISPS-written performance test. However, an assessment method was reported
that might affect to students’ performance (Ruiz-Primo & Shavelson. 1996). It concurred to
this study had found that students could explain when they were sought for step by step
instead of writing in sentences.

3.2.6 Students’ belief and open-mindedness: belief referred to student’s
belief which was shaped by social or their previous experience and could be expressed via
their opinions to something. Their belief might inhibit students’ learning when they
encountered with various data to make decision. Due to they still believe on previous
experiences. It was much tied and leaded students did not open mindedness to judge the
phenomena/situations based on data/information. For example, students mostly still
believed that only one factor; piece of metal leaded the people died from hit of lightning.
Even though there were many factors induced the lightning, the possibility and intense level
of lightning with percentage and sequence by descending were shown in that article/given
prompt. However, in some items student just identified the evidence without given the
reason completely. It was concurred with Srithep et al (2017) who had reported the study of
seventy-two tenth grade science stream students’ scientific explanation by asking ten open-
ended questions about energy flow in different ecosystems to explore students’ using
evidence from the given data to support their explanation and connecting with scientific
reasoning. The finding revealed that 69.4% of students make an accurate and complete

claim, half of them can identify the evidence but 82 % of students do not provide the
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reasoning to indicate the connection between their claim and evidence in order to make the
complete scientific explanation. Students almost use their previous experiences or opinions
to support their claims without using the evidence given in the prompt. These reflected that
students’ belief was an obstacle to challenge students’ scientifically explanation
development. Moreover, it was revealed that discussion in monitoring sub-phase could not
effectively improve students’ explanation as they already satisfied with their answer as it was
already a partial correctly. It had found a few students made fulfilled writing from whole
classroom discussion. Incomplete explanation had found in ISNs notebook and not many
students used previous teacher’s feedback or the scaffolding template of explanation to
monitor their writing. It indicated an importance of scientific minds especially in terms of
open-mindedness to improve students’ explanation effectively. As a result, students were
hardly changed and achieved in science competencies test which emphasized students to

use the skills to identify evidences were given in the test and explain reasonable.

3.3 Students’ self-efficacy in science

The posttest was statistical significantly higher than pretest at .05 level.
Using this learning model, leaded students could realize the continually doing since
beginning (planning) to success task and make monitoring during the processes which
influenced to their perceiving in capabilities and got higher level of self-efficacy. That was
consistent with Britner & Pajares (2006)had stated that hand-on activity leads students have
mastery experience and improving their self-efficacy level. However, it had no correlation
between science competencies and self-efficacy in science; Spearman’s rho was .004 on
posttest which was consistent with the report of PISA 2015 that at the country means there
was weakly predictable students’ motivation which had found in the report of PISA 2006 and
especially in PISA 2015 had found students’ average self-efficacy in science is not
associated with a country’s mean science performance (correlation: -0.2) especially some of
the highest-performing countries; Japan and Viet Nam, the students in both countries
reported lowest level of self-efficacy in science meanwhile among low-performing countries,

had found great variation in students’ self-efficacy (OECD. 2007; OECD. 2016: 140).
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Moreover, Thai students still have higher level of self-efficacy than the OECD mean score
average but lower mean score than the OECD in term of science literacy achievement. Even
students had monitored and evaluated their abilities (self-evaluation and self-regulation)
many times during the study but it could not change to be predicable for students’
achievement. It was not consistent with the study of Motlagh et al (2011) found that self-
regulation had high affecting to improve level of self-efficacy. It might because of the
difference individual reference frame since the descriptive statistic showed students who
got lower mean score of science competencies had lower mean score of self-efficacy in
pretest but it found students who got lower mean score of science competencies had higher
mean score of self-efficacy in posttest. However, the previous study showed positive
correlation between science achievement and self-efficacy in science and also suggested
that students’ self-efficacy is important because it has correlated with achievement and if
students have low level of self-efficacy, it could be help raise students’ self-efficacy level
through vicarious learning, metacognitive prompting, self-regulated learning, and goal

setting.

4) The factors affecting to the using of learning model

Due to the effectiveness of metacognitive strategy embedded in inquiry learning
model was not positive with all hypotheses. Finally, it could be consider the factors affecting

in order to acquire more effectively learning model. That factors might were as following:
4.1 Students’ background: It referred to students’ experience and ability.
According to the learning model in plan sub-phase related to set goal and make a plan. It
needed students’ experience/abilities in daily life that they had encountered to set the goal,
identified what the needed data to be the evidence of making decision or exploration, and
proposed the way to acquire the evidences. Due to students proposed via casual verbal
based on their experiences and connected to science terminology and equipment later.
However, boy was better than girl and high achiever could propose fluency. In addition,
experience/prior knowledge was required when students made inferring data in experiments

or phenomena scientifically when monitoring via discussion.
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4.2 Students’ belief and open mindedness: According to the learning
model in monitoring sub-phase related to sharing and checking the plan or the explanation
students had written. This phase was expected to make students shared their ideas via
verbal and opened mind to correct perfectly explanation own including feedback from
teacher to adjust in next learning activities. Based on observation and ISNs notebook, had
found that not much students had done like the expectation. Unfortunately, they were
already satisfied their ideas as it had a partial correctly. The metacognitive strategy
embedded in inquiry learning model would be used more effectively if the students were not
stuck with their previous belief and opened mind to the data they have presently.

4.3 Classroom discipline:  According to the learning model enhances
students had to complete plan before doing every step of 4E; engagement-P-M-E,
exploration-P-M-E, explanation-P-M-E, and elaboration-P-M-E. It needed concentration on
the plan. Some part of interview reflected that classroom discipline affected to learn by the
metacognitive strategy embedded in inquiry learning model effectively. They liked the using
of this learning model due to know how to formulate the testable question, understand whole
processes before doing the experiment, know what the needed evidence to confirm their
hypothesis. Consequently, it demonstrated that this learning model could solve the problem
of students concern what they do while doing the experiment according to addressing in
stage 1; preparation stage of this study. However students reflected that the concentration
was required as a factor affecting while they were making plan and learning.

4.4 Not complete learning phase in the classroom: According to the time
as the plan was not enough to finish all learning activities in the class leaded some activities
were assigned to the students as homework. It might affect to students less monitoring and
understanding.

4.5 Time : According to the timing was only eighteen hours which were
less than IPST curriculum leaded since lesson plan 6 leads researcher gave some groups to
present their ideas or measure by group working and moved to another step of learning
activities. It was quite quickly for some students and might affect to some students lacking/

less practice in those topics. It needed longer time to improve all skills.
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Limitations

1. Time limitation: time in evaluating phase less than the plan and had to request
from other subjects leaded students were load learning in some day.

2. Students’ attention in post-test as they completed the test only 15-20 minutes
which was less than pre-test. The post-test was on the last period of long whole day of

school examination week.

Recommendations
1) Recommendation for Policy
From the findings of this study, researcher would like the policy makers consider
to;

1.1) To consider more integrating the integrated science process skills to
lower secondary school students such as integrate in science contents since seventh grade
due to the survey had found that lower school students had a level of science process skills
decreasing by grade level (see APPENDIX E) and this study showed that students’ science
process skills had high correlation with science competencies (science literacy) (r = 0.704).
Students were probably practiced many integrated skills before 15-year-old which they had
to be assessed by PISA measurement including it would be promoted competencies before
they encounter in daily life in the future.

1.2) The school should promote teachers in all subjects to construct a part
of writing test in the test which probably make students sequence their ideas in
communication as this study had found that students lacked in writing communication which

affect to learning science.

2) Recommendation for Teacher
2.1) The teacher may use this learning model based on the considering factor
affecting or use some techniques in the metacognitive strategy embedded in inquiry
learning to help students having more concern when doing the experiment such as consider

to use the ISNs notebook.
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2.2) It needs time to complete all science process skills especially integrated
science process skills for seventh grade students because their basic science process
skills had found weakly in some skills teacher may fulfill students’ basic science process
skills and try to infuse the integrate integrated science process skills in the lesson plan step
by step in long period time such as an academic year. The ISNs notebook with students’
design experiment based on their experience is recommended as the students in this study
showed that they can do it and had reflected via informal interview that they knew what they
do and they liked it as they got more understanding on experiment procedures but not
getting high score in the test; science terminology might be a new thing for them. Therefore,
teacher has to consider this point and find more effectively techniques to make students are

familiar with.

3) Recommendation for further research

3.1) To study factors affecting to the using of this learning model on developing
students’ science process skills, science competencies, and the correlation between self-
efficacy and performance.

3.2) According to students’ communication especially in writing was a factor
affecting to this study. Moreover, Students reflected that they had faced difficulties when
writing in order to reflect their thought. The further research may study students’ language
abilities and communication in learning science.

3.3) Since this study employ only 18 hours, therefore the further the learning
model found from this research should be spent much more time in order to see the
improvement of both science process skills and science competencies.

3.4) The learning model found from this research may be conducted with

difference such as to study students’ progression.
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APPENDIX B

The results of evaluation of the learning model, lesson plans,

and research instruments

B.1 The results of evaluation of the learning model

B.2 The results of evaluation of the lesson plans

B.3 The results of evaluation of science process skills test
B.4 The results of evaluation of science competencies test

B.5 The results of evaluation of self-efficacy in science test
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B.1 The results of evaluation of the learning model

TABLE B.1.1 The results of evaluation on index of consistency (IOC) on the reflection of

infusing of inquiry learning and regulation of cognition (part 1)

List of Evaluation |0C Interpretation

E1 E2 E3

1.The metacognition strategy embedded in 1.00 1.00 0.00 0.67 consistency
learning inquiry model has the important features
that reflects the infusing of inquiry learning and

regulation of cognition

2.The metacognition strategy embedded in 1.00 1.00 1.00 1.00 consistency
learning inquiry model has the phase or learning
processes that reflects the infusing of inquiry

learning and regulation of cognition

3.The metacognition strategy embedded in 1.00 0.00 1.00 0.67 consistency
learning inquiry model has important features that

could develop students’ science process skills

4.The metacognition strategy embedded in 1.00 1.00 1.00 1.00 consistency
learning inquiry model has the phase or learning
processes that could enhance students’ science

process skills

5.The metacognition strategy embedded in 0.00 1.00 1.00 0.67 consistency
learning inquiry model has important features that

could enhance students’ science competencies




TABLE B.1.1 (continued)
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List of Evaluation E1 E2 E3 I0C

Interpretation

6.The metacognition strategy embedded in 0.00 1.00 1.00 0.67
learning inquiry model has the phase or learning
processes that could enhance students’ science

competencies

consistency

7.The metacognition strategy embedded in 0.00 1.00 1.00 0.67
learning inquiry model has important features that

could adjust students’ self-efficacy in science

consistency

8.The metacognition strategy embedded in 0.00 1.00 1.00 0.67
learning inquiry model has phase or learning
processes that could adjust students’ self-efficacy

in science

consistency

9.The metacognition strategy embedded in 1.00 1.00 0.00 0.67
learning inquiry model has phase and continue

clearly

consistency

* E1, E2, E3: The experts
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TABLE B.1.2 The results of evaluation on index of consistency (IOC) on appropriateness of

implementation in the classroom (part 2)

List of Evaluation E1 E2 E3 |OC Interpretation

1. The purposes and the roles of teacher and 1.00 1.00 1.00 1.00 consistency
student in engagement-P-M-E is appropriate to

adopt

2. The purposes and the roles of teacher and 1.00 0.33 0.67 0.67 consistency
student in exploration-P-M-E is appropriate to

adopt

3. The purposes and the roles of teacher and 1.00 1.00 1.00 1.00 consistency
student in explanation-P-M-E is appropriate to

adopt

4. The purposes and the roles of teacher and 1.00 1.00 1.00 1.00 consistency
student in elaboration-P-M-E is appropriate to

adopt

5. The purposes and the roles of teacher and 1.00 1.00 0.67 0.89 consistency
student in evaluation phase is appropriate to

adopt

*E1, E2, E3: The Experts
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The first drafts of lesson plans are evaluated and verified in term of appropriateness

by two experts in the field of science education and one in field of education. The

summarized results of appropriateness of all lesson plans are shown in table 3. The criteria

of appropriateness lesson plan evaluation are shown below;

The appropriateness level
Excellence
Good
Fair
Poor

Fail

Scoring

5
4
3
2

1

The data is calculated as mean score for summary the level of appropriateness. The

acceptance mean score of appropriateness is higher than 3.50 (Cojorn. 2011). Therefore, all

first draft lesson plans are acceptance.

TABLE B.2 The summarized results of appropriateness of all lesson plans evaluation

Mean score of appropriateness level (n = 3)

List of Evaluation LP1 LP2 LP3 LP4 LP5 LP6 LP7 LP8 LP9
1 The standard/ indicator/ 3.67 4.33 4.33 4.00 4.33 4.33 4.33 4.67 4.6
objective of learning were 7
defined to have all the
learning behaviors in terms
of affective, process, and
perceiving science self-
efficacy
2 Had consistency between  4.00 4.67 4.67 4.33 4.33 4.33 4.00 4.00 4.3
standard learning/ 3

indicator/ content and

learning activities
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List of Evaluation

Mean score of appropriateness level (n = 3)

LP1

LP2 LP3 LP4 LP5 LP6 LP7 LP8

LP9

3 Learning activities 4.33
was consistent with

learning objectives

4 Learning activities in 4.33
regulation of cognition
(planning-monitoring-
evaluating) had

consistency with the

goal of engagement

phase

433 433 433 433 433 3.67 3.67

467 467 433 467 467 433 5.00

4.00

4.67

5 Learning activities in 4.67
regulation of cognition
(planning-monitoring-
evaluating) had

consistency with the

goal of exploration

phase

4.67 467 4.67 5.00 5.00 3.67 4.67

4.33

6 Learning activities in 4.67
regulation of cognition
(planning-monitoring-
evaluating) had

consistency with the

goal of explanation

phase

4.67 4.67 5.00 5.00 5.00 4.00 5.00

4.67
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List of Evaluation

Mean score of appropriateness level (n = 3)

LP1 LP2 LP3 LP4

LP5

LP6

LP7

LP8

LP9

7 Learning activities in 4.67 4.67 4.67 4.33
regulation of cognition

(planning-monitoring-

evaluating) had

consistency with the

goal of elaboration

phase

4.67

5.00

4.33

4.33

4.67

8 Learning activities in 4.67 4.33 4.67 4.67
regulation of cognition

(planning-monitoring-

evaluating) had

consistency with the

goal of evaluate phase

5.00

5.00

3.67

4.33

4.67

9 The evaluation 3.88 3.67 3.67 3.33
method had
consistency with

learning objectives

4.00

4.00

4.00

4.00

4.33

10 Instructional 4.67 4.67 4.67 4.67
materials and learning

resources have

consistency with

learning objectives

4.33

4.33

5.00

5.00

5.00

Mean score 4.30 4.47 4.50 4.37
S.D. 0.48 0.32 0.32 0.46

Interpretation Good Good Good Good

4.57
0.35
Good

4.60
0.38
Good

4.10
0.42
Good

4.47
0.48
Good

453
0.28
Good

*LP: Lesson plan
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The experts give comments and suggestions as follow;

Lesson Plan 1
-The learning objectives are not measured completely.
-Should use more constant words in writing, using too small letter in terms of pictures

descriptions.

Lesson Plan 2

-The learning objectives are not measured completely.

Lesson Plan 3

-The learning objectives are not measured completely.

-Learning activities in each phase is interesting but in evaluation phase miss to measure
some objectives.

-Time is probably not enough; it would be adjusted again after pilot study.

Lesson Plan 4

-The objectives are not consistent with indicators; need to add more objectives.

-The objective is not clear, especially in terms of process aspect. It affects to measurement
not clearly.

Lesson Plan 5

-none-

Lesson Plan 6
-By general, learning activities are interesting. Metacognitive strategy is also interesting but
not sure for the timing. Adjust the measurement form of all lesson plans. As it is not clear

enough; it should be drawn in the table which is determined with clear criteria.
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Lesson Plan 7

- It has discussion part in learning activities but no have in learning objective. In order to
make consistent between objective and indicator, it should be added the objective in terms
of discussion about tropical storm and added it to measure in evaluation phase.

-To determine many objectives which are too much expectation in behavior, in real
classroom the classroom climate and outcome would be not succeeded.

-Learning activities in exploration and elaboration phases should be created more
interesting. The researcher tries to focus on metacognitive regulation too much as a result
the activities are not interesting.

-The questions to measure are general; just asking for apply. It could not be shown in terms

of student behavior.

Lesson Plan 8

-Missed some indicators to measure.

-The measurement criteria are not clear.

-Good learning activities that make students get more interpreted in weather forecast but not
completely in terms of discussion on weather affecting to living and environment. Therefore,
add this topic into both indicator and objective of the lesson plan.

-Learning objectives are not covered by learning activities especially, process (p) aspect.

- The questions to measure are general; just asking for apply. It could not be shown in terms

of student behavior.

Lesson Plan 9

-An advantage is using both real data and graph which lead students know real situation.
However, should be more focused on discussion in order to get concept according the
objectives setting.

-Lots of document for searching therefore should be added an active reading activities to

help students.
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ltem 10C P r ltem 10C p r
1 0.67 0.60 0.56 21 0.73 0.70 0.44
2 0.87 0.30 0.26 22 0.67 0.49 0.44
3 0.80 0.68 0.59 23 0.87 0.59 0.41
4 0.80 0.34 0.37 24 0.87 0.44 0.22
5 1.00 0.75 0.20 25 0.93 0.53 0.48
6 0.87 0.62 0.30 26 0.80 0.44 0.26
7 1.00 0.76 0.44 27 1.00 0.71 0.56
8 1.00 0.80 0.37 28 1.00 0.34 0.33
9 0.93 0.31 0.37 29 0.87 0.53 0.41
10 0.67 0.37 0.30 30 0.93 0.80 0.41
11 0.73 0.58 0.67 31 1.00 0.58 0.56
12 1.00 0.46 0.44 32 1.00 0.53 0.56
13 1.00 0.66 0.41 33 1.00 0.46 0.44
14 1.00 0.40 0.20 34 0.40 0.55 0.67
15 0.87 0.73 0.44 35 0.67 0.52 0.44
16 0.87 0.80 0.52 36 0.87 0.62 0.59
17 0.67 0.80 0.48 37 1.00 0.48 0.59
18 0.87 0.74 0.41 38 0.73 0.27 0.37
19 0.93 0.60 0.56 39 0.73 0.29 0.33
20 0.87 0.74 0.44 40 0.93 0.37 0.22

Reliability (KR-20) is 0.83.



B.4 The results of evaluation of science competencies test

TABLE B.4.1 Multiple choice
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ltem I0C P r
1 1.00 0.89 0.30
2 1.00 0.66 0.85
3 0.89 0.57 0.91

Reliability (KR-20) is 0.42
TABLE B.4.2 Complex choice

ltem I0OC P r
1 0.67 0.76 0.29
2 1.00 0.63 0.20
3 1.00 0.35 0.28
4 0.67 0.34 0.22
5 0.67 0.65 0.30
6 0.56 0.76 0.29
7 1.00 0.55 0.27
8 1.00 0.67 0.23
9 1.00 0.69 0.31

Reliability (KR-20) is 0.53.



TABLE B.4.3 Writing
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ltem I0C P r
1 1.00 0.59 0.39
2 1.00 0.21 0.27
3 0.89 0.26 0.25
4 0.89 0.24 0.32
5 0.67 0.46 0.23
6 1.00 0.34 0.27
7 0.89 0.34 0.33
8 0.89 0.41 0.65
9 0.89 0.38 0.60
10 1.00 0.35 0.27

Reliability (oC) is 0.53
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B.5 The results of evaluation of self-efficacy in science test

TABLE B.5 The results of evaluation of self-efficacy in science test

Evaluation by the experts

ltem E1 E2 E3 |0C Interpretation

1. duwsiuladnanunsnesunedsngnisnising o 7 1700 100 100 1.00  consistency

NATLIUEULITIENNALR

2. duldignnnsnesunaamnivinlifiianazlanfe  1.00  1.00  1.00  1.00  consistency

14

3. auduladnaunsnanulandifymifaaiumne 1.00 100  1.00  1.00  consistency

o da/ v b4
AUBINA mmmummﬂimqﬂmm

4. guinladnannnsnesunaamnnvinliigoamni 1.00  1.00 100 1.00 consistency

q

Tudnadn na19ds wazfiunanmenwle

5. dusiuladngnunsovenlddnnislisanliAseseuss  1.00  1.00  1.00  1.00  consistency
naanuaz ey denasianiaifinlsngnisalisan

nsvanuANFeiuatingls

6. duiuladnanunsnmenlasdiayaannuanaunaa 100 1.00  1.00 1.00 consistency

d‘ a L8 v 4 4
L'W@ﬂﬁ‘]_l’]ilﬂﬁ"m{]ﬂ’]ﬁ‘m%’%‘i@quﬂ’m’]ﬂ‘lﬁ@]ﬂm@\i

7. duiladianunsnesuedsngnisaizindlelsy 1.00  1.00 100  1.00  consistency

lunge AadsTInLarAIIndan s

8. dusiuladnannsnesunavannisinanlignfies 1.00  1.00  1.00  1.00  consistency

9. Weduiinmalsng dudiladnaunsauentéids 100 1.00  1.00  1.00  consistency

Fhasanalinnuu

10. dusiuladnanunsnesunefeanvpiinlfarune 067  1.00  1.00  0.89  consistency

v

= a4 A Ao y a Sy A a
ﬂuW]ﬂuﬂ?@WuV]L?ﬂUﬁ\?VlgL@ HUIMNZLARLTTNINUA U

YINNTNBAR

11. fuazdNAnnAReL Wanudnfesld 1.00  1.00 1.00  1.00  consistency

mzmumiﬁmﬂumﬂ"ﬁumﬂuﬂﬁw’] ARALINL
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ltem

Evaluation by the experts

E1

E2

E3

I0C

Interpretation

12, dudiladnanunsneenwuunimaaedla o) 1
dl o Ly v |
nendudsngnisaianineIna (1w nansenuann

tlunse) 16

1.00

1.00

1.00

1.00

consistency

13. dusiuladnanunsnlianagniadnansaninizew
11 auanuaneuilafnannuanaiveufitdom

a4 o v = P
NLNUANAIAINALAZAILIARAN

1.00

1.00

1.00

1.00

consistency

p = S o
14. LN@WUﬁﬂJWﬂVIﬁ’]ﬂ’]@Mfﬂm ] LEAINUUTTENA
P o o ! o = P
ANNIRINA fauuu%mmmmmﬁmmmgmm

inllgniamesesnsmaaauniainauls

1.00

1.00

1.00

1.00

consistency

15. laigtleyunle o dwsiuladnanunsoldvineey
NITUIUNIININENANG RSN FEUNT AULAITUN

Amauioym 1iduials

1.00

1.00

1.00

1.00

consistency

16. IHaAR9RaNLULNNINAADIAEAMWLEY F1siiladn
ArNsnueNiuneuLATMANATIABIANsEI T

Tunautiis 7 1§

1.00

1.00

1.00

1.00

consistency

PR =
17. \WefesnnmeaeaBauifiauanuaiin i

ngaisdnaNsautesian A o uulan dusiulada

aunsnszyginsniifsesiienfiesldisnualigniiad

0.67

1.00

1.00

0.89

consistency

18. dulidulananiudsnislfissesiioginaninig

naaedlutietjiFnns

0.67

1.00

1.00

0.89

consistency

A4 9 o '
19. WaReIINIMAaesla ] U elunIauay
NANIENUUDEUNTA ﬂ’]ﬁ‘@ijL@Sﬂ’]ﬂﬂ')’]ﬂ%‘@l&“ﬂ@\i@’]i‘
o ol/ U v dl9j =3 d‘
fauuu%mmuwmmmmﬂ@wmmmmqmau LND

s Midundngugugulunisagiua

1.00

1.00

1.00

1.00

consistency

20. fusiuladnanunsnliaousasiunenenusinau

IenAanla o idaala

1.00

1.00

1.00

1.00

consistency

21. BEn13MNNMmeaeRafUaNNNB N AL
gn-dnavannuansliiiaan  dusiiladnaziaeninnig

NARBINENTINNIAMNANNITOALLES

1.00

1.00

1.00

1.00

consistency
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ltem

Evaluation by the experts

E1

E2

E3

I0C

Interpretation

22, Wedulsunelfudadiasivd dplinundaulnnjlgn
Hu 1451989 WA BT NN AN AT INRLAN Fuay ]

atuayuulouneil

0.33

1.00

1.00

0.77

consistency

23. duiuladnanunsndsudiuanmsy/szyaanudull s
dl o Ly A 1 v 1 v b4 dl
Wenafuwenisainieasiinana wu fne laindeyai

dsngluang

1.00

1.00

1.00

1.00

consistency

24, duiuladnannnsnldansgisasniainas Tunsszy
° 1 Adl a n’// A v 1 ‘ﬂl A o
Aunisnanzanunsiafsdszgiseniisaiie liianin

utiagldgazman

0.67

1.00

1.00

0.89

consistency

P \ - Py |
25. LN@W\?T’]QWEWﬂ?m@’]ﬂqﬁ‘ﬂﬂsﬂ@%{@ﬁﬂ’ﬂﬂﬂqqﬂﬂﬂ’ﬂ'\ﬂ’]ﬁ

°I v o oI/ 1 a o a A
AIALAD ﬂuuu”lmqmmmummmnugmmﬂuwuw

Aanana by

0.67

1.00

1.00

0.89

consistency

26. fuANNNTNIAMNMN lAGNvERLINANLAETUANTN
anAndsnglude

pine o 1

1.00

1.00

1.00

1.00

consistency

o vaa = o o o DAl o o al
27. @uqﬁ;'}ﬁﬂqﬂmﬁ‘ﬂﬂmqLL@;"]J{]UWW'J LN@?’Nﬂqﬂmﬂ\iﬂ%‘luW °1
=~ o = a , oA 4 a
llﬂqqﬂﬂu@qﬂqﬂLﬂ@ﬂuiﬂqqﬂLﬂﬂ P LNBNEIT LULATANLIU

A
NIRYLLLN

1.00

1.00

1.00

1.00

consistency

28. duuladnanunsninANgizes nsazianuazganay
o al a Ly o <1 v a A
f9@anaweningaeeian iuwwinelunisdngulaiaen

a v dl U ¥ ¥
mathueanausauaaatinulé

0.67

1.00

1.00

0.89

consistency

A o oA o o = =
29. aduiaNuNEaiUaNNIguATUaaNIRLLa LAY
waguazTunnRe WaNuETInuNduedtat] (ngamnn) du

Tuladnanunsnaaniaian nainANazinawls

1.00

1.00

1.00

1.00

consistency

a

30. auuladnaunsnlivinsenisdanauazanuinzeuugn
o o = L 4 A o P
MAHdinla naw wunn visaunasiiayapunaaiuaniin

A o A @ Na o o A P
ANNTANTRAINNUTIU LTI ML zanTuau ] Ilﬂ

1.00

1.00

1.00

1.00

consistency

31. anndaldutiann ‘el daeasslunawnnyanvisalu”

Fuazatiuayuliiilsslwinfiowaes esainavdaanning

1.00

1.00

1.00

1.00

consistency
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Evaluation by the experts

ltem E1 E2 E3 |0C Interpretation
Tangeuls
32. ﬁuﬁu%fiﬁfmmmixu%’wwﬁnﬁmﬁlﬁuﬂvmﬂ I0eET 0.33 1.00 1.00 0.77  consistency
unniudaansznusiennianzlanseufinniuli
33. uiuladnanansaldipanusidauan idendawaanfiaglyl 100 1.00 1.00  1.00  consistency
Weanziadedunnifiulilng e auusqueunnly
34, Fefesliutinideaiuayulsnfuiooiuasfiiennidaes 100 1.00 100  1.00  consistency
Tan fiifuai;“uelﬂfjﬁmmmLf?mﬂsl%mg.wﬁﬂfpumm@ﬁumw‘%
Thiuialél
35. 1fiafleurinE@uenuay sudnansadaneilnauas 1.00 1.00 1.00 1.00  consistency
ianauurlulssdull e iaue 1
36. Suanansaneriiauatsniusing o arsmnauaneiid 067 1.00 100 089  consistency
auenls THasuilsziiu
37. Wedfeyansvhinauedfeafuantinenia (uslsw lu 100 1.00 100 1.00  consistency
tlaqiiu ’fi/uﬁ'/uﬁlﬂd’1@WNW?D@%Uﬁﬂ%@H@ﬁLuﬂiﬂwgﬁlﬁLﬁlfauﬁ]’]ﬁh
15
38. suliladnanansn BeudeansuenuunAnianiy 1.00 1.00 1.00 1.00  consistency
vssgnmA auenmef SeuudalEnsmafisuAniuaue
30. fuiuladnanansaidenl4ianninauediogafivnzand 100 100 100  1.00  consistency
dlevuazdinladeli
40. lokesitneviouanspauAniusieny susisladn 1.00 1.00 1.00 1.00  consistency
ansatiauelilneindngunaznualsznaudaiau
1. ausinlaiaunela wnfeammitesdnneddifasdeiy 100 1.00 1.00  1.00  consistency

1998n1A aNNaNANBEUN LA M N a1

Reliability (OC) is 0.91
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APPENDIX D

Example of research instruments

D.1 Science process skills test
D.2 Science competencies test
D.3 Self-efficacy in science test

(In Thai)
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D.1 Science Process Skills
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Classifying
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Using number
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Predicting
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Defining operationally
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Identify and controlling variables
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D.2 Science Competencies Test

LUUIAENSIOUSNIINYATENS

ANTLABNYINULUUIN

WUUTRANTIOUEMIINYIAERS (Science Competencies Test) 9avinfiuleInsesiu

AUTIOULNIINEIAIEANST VoIUnSsUsERUTUTsSsUANE TN 1 Tnsnuudatidudiunilaves

= A

wieailedde TudSgaiinug ee “nsimusliuun1sleuidauazninuilaenaisniced
Uy iiodaasuaussausn1aing1mans invenssuiun1snIadng1aans wagnssus

ANMUAIUITAMIINGIANENT VDIUNBLUTEAUTUISEUANWIUN 17

1. WUUIRANSSOUSNIINENANERS § 20 BTN U 22 U8 MIaYinvedau 1.5 Tk
1 Y @
2. uaTURNATLUNSN 3 AYLUY

3. msneudaludesey wiweendu 3 dhwae el
3.1 uyyUsigda@en: iesemine O deuseuludeiiuingniesianfissimeuiien
3.2 UUUYSTEUANIAMNANITY: AnuRRTiureinBoY ABUII 3 AIRBU YLASe Y
O deusou svud “ly”vnefiuiiuiigndes wie “lily mnetaiuildgnses

3.2 wyuifgunay: \Jeutemnulvinsudiuauysal

YaveuAnnsauynAuLn & il Alienusiudelunisneuaiuuwuuinididueed

WegIn Useantiun
(WanLUaInT Usentiun)
Taavanansnsfnuinul Uadin a1uingremansfn

AUGINIMANTANYY AMYINEIMEnT UMIne1ReAsUATUNTILIW



237

AUTIAUSNNIINYIAERAS:

ATUNNTETUIBUTINGNITUINIINIFNENS

(- i

! wensaloimAnediou - th:i’nim-a uqnamw-zs.w

MK

© Al WinemunsenmennUsemaduszwianminmgu
tsmnrlnorauvadutas q Useneufusguar fusenidsuniina
wrUnrauuszndlneraenifiou uarerimdwsaiiun q Tne

: i szezuin nhbiuinassmdlneseuuiiduhneus sz

| naelenussluvneiuit senndugamgiiovanas Tneawemeie
warnenz fusaniduviisvriiommumdutuibnenlureuth
vinuennssuazeenguzii i mumdatuimenmnly

§ winnmasind Senatlairarmsiniadmdu Snhlewnn |
warhiusd dlufiemBnnuasitdnnsin

+
- | eenusenn w il 3 meae 2559 :

Aansithanawensaiaima
fden anuAndiuvaniniGey
asssaquibvialinaldlasamsime Sunneiidunnyn sl Tusendunniiss v Lild
prunAIMATARNIudummRRaINAh Usenaufvaussauns Tusenidsauviie W Lily
Tnhlimaumiia nan Sawvadlneaumaiianas
fumnnlpeamenaime fusenveunald Sassawiniusimasud viliganwien 13 Lily
waswuEn U




238

AUTIAUSNNIINYIAERAS:
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AUTIAUSNNIINYIAERAS:

nswlarnuvanedeyanwazUsednunelulainermans

ad o - - ' ) -
nﬂvluamqqummuaza_mnqummﬂ'luuuumuawuw TutnansTunarsiu

(e nomifes)

unndi
Q

fe

] L‘\/V i miET (naneiu)
s w oMy
oo > - -=~  gaamgiemAinatsiu)

gnagilamainanaiu)
— Qi (nanefiu)

-
NNy

-

T T gwea Indy L fdlor fevls mu WY wuam
e §, e vomdler wadlor awsna o

. 4 v % o o 3 - I ) B
namwaziiuh “vinuiiudah fgumgitinmeiuhaadeieunitiuiitug Tususitdaanaedu
: . ' z - - -
ruinSnauannuiigamniigidndidssnuauiias”

< o - . - - o o . . Ko o
weuvaninFeuiadoinfoyalunsmifiananavioli  dniFeussaeuiitoudtegnls uazazesuneusapuliuieu

Tetals

- o
LgUATRBU

nueins ATy

¥ ¥ = = =3
W3 azuuu | Foyagnapmiaeid mssniianuannsolumsga-meaniou 1AL mlvinariumiiofinugumaiin

v
°
v

naAu

3 - - ' - P
W2asuuu | doyagnaas udeSureiemmradu iy ganduliiviniu

W1 azuuu | doyagndes usedurshignies

v v .

W0 Avuuu | Foyafiamanaurueu

¥




242

AUTIAUSNNIINYIAERAS:

nsularuvanedeyauarUszanneluldainermans

srudewisluiludmeuda

“yurivsuaruiniuindeuilsaiou Miwetudsnsdesnouidnduislinifunivdninou uiuddmn
asiliiesdaninseuiuuadn (Eco-car) winnuwivga? TnsliunsindulevesusivasinGeowes sonGouesli
stnligasaiudn msriesldBuinihnslisann q sshbitanmelandousnniiu wimnduiuesfvelviluasenms
Tansautioeiign SsaulwmiayaimivrmidiudssrinRnumiveulasenledfunnslaniouiduiusiueie

' Y - AT 3 - - 0 -
wisli uhmseindulsatuayulininsoniiATasuivumlinu@?”

v - - . « o o - - -
nnmslufinwnduriioya viliinSeunswiufamsveulasenledannsoprdurdudunisn Suduaiu
- - v - - - - ﬁ 0 ™ w . -
ASauInuaETTing wazdayannivSinauiasiailuussemalutnnaminen ssssutayanmsvarlassuia

< <« r) « . - '
asusulaoonlenvIniAsaEuATOAMN 9 AINSINATUEN

gumgilvadlanuazanudutuvesfianvoulasenluduulan (a.n. 1856 - 2004)

gamgiilaaadevedlan ()

he
=

" - W - .
tittusesuiaamsusulaeeanlenluusseinia

gempillasaiievastan (ssmwmden)

14 ®
=
W F
138 §
0 0§
130 3
e | -4
2
124
'
2 220 é
®
1" 200

' '

"~

98l -

§ E £ % 3 $ 2 F 3098 &
— qugillnsiadivsdan (°C)

— ARALSUYRWABA SUBURDENlERlYS SR (PPM)

i‘un:hnp;z&mu.lh&smam;caﬂeaﬂcmng&mml

infayadnedu inGeudniufaniveulasenlediudessanniiuasisn1slanfouviali anls
sEvANa wiausrywangumivayuaindouadnediu
\WeuAMBY :

o L
inusinrsiirsuuy

W3 asuuu | fina inszufanriueulseenledfimnifssmuiounndiddurisuse Anediuldnndunymifugsdu
msafuguugil Vinnuufamdfusulasenlediindu gumglindsvedanfifutilufiemiiaenndos
fiu wermuiniugedudosguinofinsufiiegiu Mvdngumnnsmsiuisaeanfontsassdunsm

2 azuuu | dina #9annsml

W1 Azuwy | fiwa
W o sy | novithifiua wiensufumauadu




243

D.3 Self-efficacy in Science Test
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The results of students’ mean score on science process skills

among seventh, eighth and ninth grader
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Data were analyzed by ANOVA in order to compare mean score of students’ science
process skills among grade levels. The results of students’ science process skills among
grade levels revealed that it was different mean scores between groups on overall and has

found in almost skills (see table 1E).

TABLE 1E The comparison results of students’ mean score on science process skills among

seventh, eighth and ninth grader

Sum of df Mean F Sig.
Squares Square
Overall Between groups 3090.750 2 1545.375 33.755 .000**
13 skills Within groups 19365.853 423 45.782
Total 22456.603 425
1.0bserving Between groups 154 2 077 151 .086
Within groups 215.086 423 .508
Total 215.239 425
2.Classifying Between groups 6.880 2 3.440 6.355 .002*
Within groups 228.970 423 541
Total 235.850 425
3.Measuring Between groups .698 2 .349 415 .661
Within groups 355.746 423 .841
Total 356.444 425
4.Using space/time  Between groups 24.287 2 12.144 9.437 .000**
relationship Within groups 544.333 423 1.287
Total 568.620 425
5.Using number Between groups 11.616 2 5.808 6.097 .002*
Within groups 402.966 423 .953
Total 414.582 425
6.Communicating Between groups 26.085 2 13.043 11.362 .000**
Within groups 485.567 423 1.148

Total 511.653 425
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Sum of df Mean F Sig.
Squares Square
7.Predicting Between groups 11.883 2 5.941 12.214 .000**
Within groups 205.763 423 486
Total 217.646 425
Sum of df Mean F Sig.
Squares Square
8.Inferring Between groups 30.971 2 15.486 12.589 .000**
Within groups 520.325 423 1.230
Total 551.296 425
9.Defining Between groups 35.330 2 17.665 20.749 .000**
operationally Within groups 360.128 423 .851
Total 395.458 425
10.Formulating Between groups 8.067 2 4.034 8.145 .000**
hypotheses Within groups 209.482 423 495
Total 217.549 425
11.Interpreting data  Between groups 39.092 2 19.546 20.779 .000**
Within groups 397.894 423 .941
Total 436.986 425
12.1dentify and Between groups 50.268 2 25.134 25.680 .000**
controlling variables  Within groups 413.998 423 .979
Total 464.265 425
13.Experimenting Between groups 100.985 2 50.492 34.148 .000**
Within groups 625.459 423 1.479
Total 726.444 425
* p <0.05
* p < 0.01

Post Hoc test in terms of Scheffe *° showed the overall score was not statistically
significant different between seventh and eighth grade students while it had found
statistically significant different between eighth and ninth grade students (see Table 2E). In
addition, it revealed that almost students' mean score on each skill was found the same

trend.
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TABLE 2E Scheffe *° on the comparison of overall science process skills

Overall 13 skills N Subset for alpha = 0.05
Grade Levels 1 2
Scheffe * 9 124 18.169
8 113 23.814
7 189 24.249
Sig. 1.000 .858

Seventh grade students were placed at the highest among the groups. Unfortunately,
the students’ mean score was decreasing by grade level. Moreover, Scheffe *® showed not
statistically significant different between seventh and eighth grade students while it had
found significance between eighth and ninth grade students in ten skills consisted of
classifying, using space/time relationship, using number, predicting, communicating,
inferring, defining operationally, interpreting data, identify and controlling variables skills,
and formulating hypotheses and ninth grade students became lowest mean scores among
the groups. Scheffe *® showed not statistically significant different among three grade level
in two skills namely observing, measuring, and it showed statistically significant different
among three grade level in experimental skill which seventh grader were placed at highest

mean score and was decreasing at higher grade level. (See Table 3E and Figure 1E)

TABLE 3E Scheffe *° on each science process skKill

1.0bserving n Subset for alpha = 0.05
Grade Levels 1
Scheffe ** 7 189 0.936
8 113 0.973
9 124 0.975

Sig. .893
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2.Classifying n Subset for alpha = 0.05
Grade Levels 1 2
Scheffe *° 9 124 0.822
8 113 1.070
7 189 1.116
Sig. 1.000 .867
3.Measuring n Subset for alpha = 0.05
Grade Levels 1
Scheffe *° 9 124 2.024
7 189 2.079
8 113 2.132
Sig. 594
4.Using space/time relationship n Subset for alpha = 0.05
Grade Levels 1 2
Scheffe ** 9 124 1.935
7 189 2.269
8 113 2.575
Sig. 1.000 .070
5.Using number n Subset for alpha = 0.05
Grade Levels 1 2
Scheffe ** 9 124 1.411
7 189 1.698
8 113 1.840
Sig. 1.000 455
6.Communicating n Subset for alpha = 0.05
Grade Levels 1 2
Scheffe *° 9 124 2.741
7 189 3.238
8 113 3.345
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Sig. 1.000 .690
7.Predicting n Subset for alpha = 0.05
Grade Levels 1 2
Scheffe *° 9 124 1.072
8 113 1.371
7 189 1.465
Sig. 1.000 510
8.Inferring n Subset for alpha = 0.05
Grade Levels 1 2
Scheffe ** 9 124 1.903
7 189 2.492
8 113 2.504
Sig. 1.000 .995
9.Defining operationally n Subset for alpha = 0.05
Grade Levels 1 2
Scheffe ** 9 124 1.153
8 113 1.637
7 189 1.836
Sig. 1.000 181
10.Formulating hypotheses n Subset for alpha = 0.05
Grade Levels 1 2
Scheffe *° 9 124 0.645
8 113 0.929
7 189 0.957
Sig. 1.000 .941
11.Interpreting data n Subset for alpha = 0.05
Grade Levels 1 2
Scheffe *° 9 124 1.322
8 113 1.902
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7 189 2.026
Sig. 1.000 546
12.1dentify and controlling variables n Subset for alpha = 0.05
Grade Levels 1 2
Scheffe ** 9 124 0.959
8 113 1.548
7 189 1.772
Sig. 1.000 152
13.Experimenting n Subset for alpha = 0.05
Grade Levels 1 2 3
Scheffe ** 9 124 1.201
8 113 1.982
13.Experimenting n Subset for alpha = 0.05
Grade level 1 2 3
- 189 2.359
Sig. 1.000 1.000 1.000
A. Not difference B. Partial difference C. Difference
among grade level In some grade levels among all grade levels
7"g"g" grade 7" 8mgrade 9" grade 7" g" 9"

Communicating
Observing Inferring Experimental
Measuring Interpreting data
Defining operationally
Identify and controlling variables
Formulating hypotheses
Classifying
Using number
Predicting

Using space/time relationship
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