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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 concerned 
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 learning 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 correlation with science process skills (r = .704) and 
students’ science competencies had no correlation with self-efficacy in science (rs = .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, 
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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 
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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 
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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; Ibrahim; & 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; Ibrahim; & 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 10th 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 



5 
 

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 2I3C 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 (Şimşek; & KabapÕ nar. 2010; Koksala; & 
Berberoglu. 2012; Lati; Supasorn; Promarak. 2012; Yadav; & Mishra. 2013; Aydoğdua; 
Buldur; & Kartal. 2013; Ogan-Bekiroğlu; &  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). 

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


6 
 

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 
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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. 
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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? 
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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 I know,” and “what I 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 I know,” and “what I 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. Itwas 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 
 
 
 
 
 
 
 

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. 

 
 

Using the metacognitive strategy embedded in 
Inquiry learningmodel 

1. Science Process Skills 

 

2. Science Competencies 

 

3. Self-efficacy in Science  
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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 
and control variables     

Defining variables operationally 

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

Observing, 
Classifying 

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

Measuring 

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 

 
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 SI 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).   
 



30 
 

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 
(Şimşek; & KabapÕ nar. 2010; Koksala; & Berberoglu. 2012; Lati.; Supasorn; Promarak. 
2012; Yadav; & Mishra. 2013; Aydoğdua; Buldur; & Kartal. 2013; Ogan-Bekiroğlu; & 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; Şimşek; & KabapÕ nar. 2010).  Şimşek & KabapÕ nar (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-Bekiroğlu &  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 

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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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 
Skills in a Science Classroom 

Grade 8 Various approach 
in single lesson 

2 Mallozzi;  et al. (2013) The Effect of using Interactive 
Student Notebooks (ISN) and 
Specific Written Feedback on 
Seventh Grade Students’ 
Science Process Skills 

Grade 7 Metacognitive 
instruction + 
Interactive 
notebook + 
feedback + 
science lab 

3 Anagun. (2009) Developing scientific process 
skills at Science and Technology 
course in fifth grade students 

Grade 5 Application of 
constructivist 
approach 
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 TABLE 2 (continued) 
 

Authors Titles Participants Approaches 

4 Vaithyanathan;     
et al. (2013) 

Effectiveness of Cognitive 
Constructivist Approach In The 
Acquisition of Science Process 
Skills 

Grade 9 Cognitive 
Constructivist 
Approach (CCA) 

5 Turkoguz; et al. 
(2014) 
 

Effects of Argumentation 
Based Concept Cartoon 
Activities on Students’  
Scientific Process Skills 

Grade 7 Argumentation 
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. 
(2013) 

A study of the impact of 
laboratory approach on 
achievement and process 
skills in science among Is 
standard students 

Freshman university 
students 

laboratory based on 
the 7E learning cycle 
model 

8 Şimşek; & 
KabapÕ nar. (2010) 
 

The effects of inquiry-based 
learning on elementary 
students’ conceptual 
understanding of matter, 
scientific process skills and 
science attitudes 

Grade 5 Inquiry-based 
Learning (IBL) 

 
 
 

http://www.sciencedirect.com/science/article/pii/S1877042810002107
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TABLE 2 (continued) 
 

Authors Titles Participants Approaches 

9 Aydoğdua; Buldur; 
& Kartal. (2013) 

The effect of open-ended 
science experiments based 
on scenarios on the science 
process skills of the pre-
service teachers 

pre-service 
teachers 

Open-ended science 
experiments based on 
scenarios 

10 Lati; Supasorn.; 
Promarak. (2012) 

Enhancement of learning 
achievement and integrated 
science 
process skills using science 
inquiry learning activities of 
chemical 
reaction rates 

Grade 11 12 hours of science 
inquiry activities 
 

11  Jeenthong; et al. 
(2014) 
 

Promoting integrated 
science process skills 
through betta-live science 
laboratory 

Grade 11 Betta-live science 
laboratory by using three-
phase learning cycle-
based instructional: 
exploration phase, 
concept introduction 
phase, concept 
application phase. 

12  Ogan-Bekiroğlu; 
&  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 
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 TABLE 2 (continued) 
 

Authors Titles Participants Approaches 

13 Koksala; & 
Berberoglu. 
(2012) 

The effect of guided-inquiry 
instruction on 6th grade 
Turkish 
students’ achievement, 
science 
process skills, and 
attitudes toward science 

Grade 6 Guided-inquiry approach 

14 Rompayom. 
(2010). 

Development of “Chemical 
Bonding” learning units in 
incorporated with elicitation 
strategy for high school 
students 

Grade 10 Learning units incorporated 
with elicitation strategy          
(5E + elicitation strategy) 

15 Chairam; 
Klahan; & Coll. 
(2015).   

Exploring Secondary  
Students’ Understanding  
of Chemical Kinetics  
through Inquiry- Based  
Learning Activities 

Grade 11 Inquiry-based Chemistry 
Laboratory 

 
 

Summary:  
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). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



38 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 2 Formative assessment cycle 
 

Source: adapted from The Exploratorium and institute for inquiry. (2006). Workshop 
II: Assessing process skills. A Professional Development Curriculum. p.53 & 73. 
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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 

More -------------- Amount of Direction from Teacher or Material ----------- Less 
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TABLE 3 Essential features of classroom inquiry and their variations 
                                                                                                                                                  

 
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 

Essential Feature Variations 
1.Learner engage in 
scientifically oriented 
questions 

Learner engages 
in question 
provided by 
teacher, 
materials, or other 
source 

Learner sharpens 
or clarifies 
question provided 
by teacher, 
materials or other 
source 

Learner selects 
among questions, 
pose new 
questions 

Learner pose a 
question 

2.Learner gives 
priority to evidence in 
responding to 
questions 

Learner given 
data and told how 
to analyze 

Learner given 
data and asked to 
analyze  

Learner directed 
to collect certain 
data 

Learner 
determines what 
constitute 
evidence and 
collects it 

3.Learner formulates 
explanations from 
evidence 

Learner provided 
with evidence and 
how to use 
evidence to 
formulate 
explanation 

Learner given 
possible ways to 
use evidence to 
formulate 
explanation 

Learner guided in 
process of 
formulating 
explanations from 
evidence 

Learner 
formulates 
explanation after 
summarizing 
evidence 

4.Learner connects 
explanations to 
scientific knowledge 

 Learner given 
possible 
connections 

Learner directed 
toward areas and 
sources of 
scientific 
knowledge 

Learner 
independently 
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 



43 
 

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 techniques 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 



44 
 

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. 



45 
 

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,  
“Why did this happen?”  
“What do I already know about this?”  
“What can I find out about this?” 
Shows interest in the topic 

Creates interest 
Generates curiosity 
Raises questions 
Elicits responses that uncover 
what the students know or think 
about the concept or topic 

Exploration Thinks freely, within the limits of the 
activity 
Tests predictions and hypotheses 
Forms new predictions and hypotheses 
Tries alternatives and discusses them with 
others 
Records observations and ideas 
 Asks related questions 
Suspends judgment 

Encourages the students to work 
together without direct instruction 
from the teacher 
Observes and listens to the 
students as they interact 
Asks probing questions to 
redirect the students’ 
investigations when necessary 
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 
others 
Listens critically to others’ explanations 
Questions others’ explanations 
Listens to and tries to comprehend 
explanations that the teacher offers 
 

Encourages the students to 
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 
Uses recorded observations in explanations 
Assesses own understanding 

and new labels when needed 
Uses students’ previous 
experiences as the basis for 
explaining concepts 
Assesses students’ growing 
understanding 
 

Elaboration Applies new labels, definitions, 
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 

Expects the students to use 
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.) 

 
 
 
 
 
 

TABLE 5 (continued) 



49 
 

TABLE 5 (continued) 
 

Stage of the 
Instructional Model 

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

Evaluation Answers open-ended questions by using 
observations, evidence, and previously 
accepted explanations 
Demonstrates an understanding or 
knowledge of the concept or skill 
Evaluates his or her own progress and 
knowledge 
Asks related questions that would 
encourage future investigations 

Observes the students as they 
apply new concepts and skills 
Assesses students’ knowledge 
and skills 
Looks for evidence that the 
students have changed their 
thinking or behaviors 
Allows students to assess their 
own learning and group-
process skills 
 Asks open-ended questions 
such as, “Why do you think 
…?” 
“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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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. 



53 
 

 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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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 

experimentation and reflection 
Improve explicit planning, 
monitoring, and evaluation 

Provides expert modeling 

Collabo-
ration 

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

Strate-
gies 

Provide variety of strategies Helps students develop 
conditional knowledge 

Increase self-efficacy to learn 

Mental 
Models 

Provide explicit model     to 
analyze 

Promote explicit reflection and 
evaluation of the proposed 
model 

Promote radical restructuring 
and conceptual change 

Techno- 
logy 

Illustrates skills with feedback. 
Provides models and simulates 
data 

Helps students test, evaluate, 
and revise models  

Provides informational 
resources and collaborative 
support 

Persona
l Beliefs 

Increase engagement   and 
persistence among students 

Promote conceptual change 
and reflection 

Promotes modeling 
epistemology characteristic of 
expert scientists 

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

science education: Metacognition as part of a broader perspective on learning. 
Table 1. p. 131. 
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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. 



58 
 

 
        

FIGURE 6    A Regulatory checklist 
 

Source:  Schraw, Gregory.(1998). Promoting General Metacognitive Awareness.                     
Figure 2. p. 121. 
 

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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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 5E 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. 
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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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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. 
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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 
“I am confident about my ability to do the work in this class” and “I am confident I 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. 1996c). 
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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. 1996c). 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). 

 
  0     10     20     30     40     50     60     70     80     90     100   
         
 
 
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 

Cannot            
do at all 

Moderately              
certain can do 

Highly              
certain can do 
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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 5-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 I 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 (I’m sure I can) to 5 (I’m sure I 
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 
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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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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; 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) 
 

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 

6 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. 

5 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. 

4 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 
4 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. 

3 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. 

2 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 



80 
 

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 
(Şimşek; &KabapÕ nar. 2010; Koksala; &Berberoglu. 2012; Lati.;Supasorn; Promarak. 2012; 
Yadav; & Mishra. 2013; Aydoğdua; Buldur; & Kartal. 2013; Ogan-Bekiroğlu; & 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 



83 
 

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 
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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. 



85 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 13 Theoretical framework 
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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 

     
  1.1  Exploration of teachers’ opinions 

related science classroom problem 
 Teacher questionnaire 

 
 
Science process skills test 

 

1. Preparation    

  1.2 Exploration of lower secondary 
school students’ science process skills 
in Bangkok 

 

     

2.   Development of 
learning model 
and research 
instruments 

 2.1 Review literature   

2.2 Developing learning model and 
research instrument 

 

2.3 Verifying learning model and 
research instruments by experts and 
revising 

IOC by the experts 

  2.4 Piloting research instrument and 
analyzing 

  

  2.5 Conducting a  pilot study 
2.6 Revising learning activities 

  

    

3. Evaluation the 
effectiveness of the 

learning model 

 3.1 Implementing the metacognition 
strategy embedded in inquiry learning 
model 

 Learning model 
Lesson plan 

Science Process Skills Test 
Self-efficacy in Science Test 
Science Competencies Test 

 

  3.2 Evaluating participants’ 
performances 
3.3 Data analysis 

 

                              
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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TABLE 9 The consideration of science process skills in procedural knowledge  
 

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], 
qualitative [observations], the use of a scale, categorical and 
continuous variables 

Observing, 
Classifying 

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

Measuring 
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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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) 

 
 
 
 
 
 
 
 
 
 
                                                      
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)  
 
 
 
 
 
 
 
 
 
 
                                                    
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 
+ 

P-M-E 

Learner is able to make a plan, monitor and 
evaluate while learning and perceive own 
capabilities both knowledge and process. 
Interested in science question and engages in 
scientifically oriented questions to formulate 
science question (testable question). 

 -Regulation of cognition  
-Inquiry learning 
-Self-efficacy; in term of 
social persuasion 

Exploration 
+ 

P-M-E 

Learner is able to make a plan, monitor and 
evaluate while learning and perceive own 
capabilities both knowledge and process. 
Learner gives priority to evidence in responding 
to questions. 

-Regulation of cognition  
-Inquiry learning 
-Self-efficacy; in term of 
social persuasion 

Explanation 
+ 

P-M-E 

Learner is able to make a plan, monitor and 
evaluate while learning and perceive own 
capabilities both knowledge and process. 
Learner formulates explanations from evidence, 
connects explanations to scientific knowledge 
and communicates and justifies explanations 

-Regulation of cognition  
-Inquiry learning 
-Self-efficacy; in term of 
social persuasion 

Elaboration 
+ 

P-M-E 

Learner is able to make a plan, monitor and 
evaluate while learning and perceive own 
capabilities both knowledge and process. 
Learner engages in scientifically oriented 
questions to formulate science question or goal, 
formulates explanations from evidence and 
connects explanations 

-Regulation of cognition  
-Inquiry learning 
-Self-efficacy; in term of 
social persuasion 
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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 
that lead one perceives own capabilities whole 
knowledge and skills they have learned by doing 
self-evaluation form which affect to self-efficacy 
in science. 

 -Self-efficacy; in term of 
mastery experience 

 
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.  

 
 
 
 
 
 
 



100 
 

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 SI 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 IOC between 
0.67 – 1.00 and one item had to be revised according experts’ suggestions as the IOC 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 



103 
 

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 IOC 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 IOC 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 (IOC), 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 IOC Students 
in Try out  

Difficulty 
index (p) 

Discrimina 
tion index (r) 

Reliability 

Science process skills 0.40* – 1.00 110 0.20 – 0.80         > 0.20 0.83 
Science competencies 

-Multiple choice 
-Complex choice 
-Writing 

 
 

0.67 – 1.00 

 
 

120 

 
0.20 – 0.89 
0.20 – 0.80 
0.20 – 0.80 

 
> 0.20 
> 0.20 
> 0.20 

 
0.42 
0.53 
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.  
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TABLE 13 The contents of atmosphere and weather 
 

Contents Keywords Time 
(hour) 

Layers of  atmosphere       Troposphere,  Stratosphere,  Mesosphere  
Thermosphere,  Atmosphere,  Air  

1.5 

Effect of solar radiation to atmosphere Reflection and absorption Solar Radiation 1.5 
Air Temperature 
Air Pressure 
Wind                              
Humidity 
Cloud and Rain                   

Air Temperature,  Thermometer 
Air Pressure,  Barometer 
Wind,  Wind Vane 
Humidity, Relative humidity, Cyclometer 
Cloud, Cumulus,  Status,  Cyrus,  Rain,  

1.5 
1.5 
1.5 
2.5 
2.0 

Thunderstorm             Thunderstorm, Lighting, Thunder, Gust 1.5 
Tropical  storm       Tropical  storm,   Depression,  Tropical cyclone, 

Cyclone, Typhoon,  Hurricane 
1.0 

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.).   
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TABLE 14 The determining of objectives and overview of using learning model  
 

 
L.P 

 
Concept 

 
Learning objective 

Learning 
activity 

Science 
competencies 

Science 
process 
skills 

Self- 
efficacy 

1 Atmosphere       -characterize the 
layers of the 
atmosphere 
 and the benefit of 
atmosphere 

-Watching 
VDOs and 
discussion 

Interpret -COM Mastery 
experien
ce and 
positive 
feedback 

2 The effect of 
sun rays to 
atmosphere 
and air 
temperature 

-Do the 
experiment, 
discuss and 
explain the effect 
of sun’ s ray to 
temperature on 
surface 
-Interpret the 
graph of 
temperature in 
one day and 
analyst factors 
affecting 
temperature 

-Lab1 
-Discussion 
 

Design 
Interpret 
Explain 
 

-OBS 
-MEA 
-NUM 
-SPC 
-INF 
-HYP 
-DEF 
-VAR 
-EXP 

Mastery 
experien
ce and 
positive 
feedback 

3 The effect of 
temperature 
to air density 
and air 
pressure  

-Do the 
experiments and 
explain the 
relationship 
between 
temperature and  

-Lab 2 
-Discussion 
-Lab 3 

Design 
Interpret 
Explain 

 

-OBS 
-MEA 
-SPC 
-INF 
-HYP 
-DEF 

Mastery 
experien
ce and 
positive 
feedback 
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TABLE 14 The determining of objectives and overview of using learning model (continued) 
 

 
L.P 

 
Concept 

 
Learning objective 

Learning 
activity 

Science 
competencies 

Science 
process 
skills 

Self- 
efficacy 

  air pressure 
including air 
density  
-Explain the 
relationship 
between amount of 
air molecule and 
air pressure 
-Describe how 
barometer 

  -VAR 
-EXP 

 

4 Wind 
       

-Do the experiment 
and explain the 
relationship 
between air 
pressure and wind  
-Identify the pros 
and cons of wind 

-Lab 4 
-Discussion 
 

Design 
Interpret 
Explain 

 

-OBS 
-INF 
-HYP 
-DEF 
-VAR 
-EXP 

Mastery 
experien
ce and 
positive 
feedback 

5 Humidity 
 

-Do the experiment 
and find the 
relative humidity 
-Explain the 
relationship 
between 
temperature and 
humidity 

-Lab 5 
-Watching 
VDOs and 
discussion  

Design 
Interpret 
Explain 

 

-MEA 
-PRD 
-NUM 
-EXP 
-INF 

Mastery 
experien
ce and 
positive 
feedback 
 
 
 

6 Cloud and 
precipitation 

-Investigate and 
explain cloud 
formation, types of 
cloud, precipitation 

-Searching  
-Discussion 
-Watching 
Drama  

Explain 
 

-CLS 
-COM 

 

Mastery 
experien
ce  
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TABLE 14 (continued) 
 

L.P. Concept Learning objective Learning 
activity 

Science 
competencie

s 

Science 
process 
skills 

Self- 
efficacy 

7 Thunderstorm 
and tropical 
storm 

-Searching and 
identify the 
difference between 
thunder storm and 
tropical cyclone  
 -Characterize 
tropical cyclone 
-Identify the destroy 
and explain how to 
protect  
-Interpret graph and 
choose appropriate 
way to present data 

-Searching 
-Game 
-
Discussion 
 

Interpret 
Explain 

 

-PRD 
-COM 
-INT 

-NUM 
-SPC 
-INF 

 

Mastery 
experien
ce and 
positive 
feedback 

8 Weather 
forecast     

-Explain and 
interpret the 
symbols on weather 
forecast map 
-Choose an 
appropriate way 
present the data 

-Watching 
news  
-
Discussion 
-Criticize  
effective 
method to 
present 
 

Interpret 
Explain 

 

-COM 
-CLS 

Mastery 
experien
ce and 
positive 
feedback 

9 Climate change 
El nino, La nina, 
greenhouse 
effect, global 
warming and 
air-pollution 

-Searching, explain 
and analyst  the 
causes and effect 
of global warming’ 

 

-Role play 
-
Discussion 
based on 
social 
issues 
 

Interpret 
Explain 

 

-COM 
-INT 

 

Mastery 
experien
ce and 
positive 

feedback 
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TABLE 14 (continued) 
 

L.P. Concept Learning objective Learning 
activity 

Science 
competencies 

Science 
process 
skills 

Self- 
efficacy 

9 Climate 
change, El 
nino, La 
nina, 
greenhouse 
effect, 
global 
warming 
and air-
pollution 

-Analyst and 
discuss about 
cause and effect of 
ozone hole, acid 
rain and air 
pollution  
-Describe the 
effect of El nino 
and La nina to 
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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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 

-Scientific Explanation 
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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? 

 What 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.  



118 
 

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 (hr) 

Pilot 
 (hr) 

Evaluating  
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 
temperature 

1.5 2.0 2.0 

3. The effect of temperature to air density and air 
pressure  

3.0 3.0 3.0 

4. Wind  1.5 2.0 2.0 
5. Humidity 2.5 2.0 2.0 
6. Cloud and precipitation 2.0 - 1.5 
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TABLE 15 (continued) 
 

Lesson plan Plan  
Pilot (hr) 

Pilot 
 (hr) 

Evaluating  
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, 
global warming and air-pollution 

3.5 - 2.0 

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).   
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 Group   O1------------ X -------------O2 
 

 
         FIGURE 20 One group pretest-posttest design 

 
Where;  -X represents the treatment using the Metacognition strategy embedded in 

learning inquiry model.  
-O1 represents pre-test 
-O2 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  =     R 
            N 

Where;  IOC - the index of consistency 
R - 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  -  SL 

                                N(Xmax -  Xmin) 

 

Where;    r - discrimination index 
   SU - the score summation in the upper group of each item 
   SL - the score summation in the lower group of each item 
   N - the total number of student in the upper group and the lower group 
  Xmax- the students’ highest score of each item 
  Xmin- 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. 
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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 
Science  

  Wrong procedure on the experiment, 
 Cannot use equipment appropriately. 

35.89 

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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TABLE 16 (continued) 
 
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 

 

(ii) Lacking on 
language abilities 

  Lack of ability in reading and reading comprehension 
when given science article 
 Low achieving students need a longer time learning and 
they were false on spelling 

5.13 

(iii) Student  
behavior 

  Less concentrated on learning, Less effort 
 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 

38.46 

(iv) Lacking 
Science  
laboratory 
equipment 

 The tools and equipment for enhancing science skills were 
limited. 
 Lack science equipment, teacher demonstrated the lab 
instead.  
 The equipment was not enough; therefore, the class could 
not complete the experiment. The video clip was used 
instead. 
 Malfunctioned science equipment  

10.26 

(v) Curriculum   The content related to mathematics was not paralleled 
with science content. Therefore, science teacher need to 
teach some content of mathematics for applying to science 
question i.e. square root. 

10.26 
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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  

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

   Low level  

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 

65% 

45% 
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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 (Şimşek; & KabapÕ nar. 2010; 
Koksala; & Berberoglu. 2012; Lati; Supasorn; Promarak. 2012; Yadav; & Mishra. 2013; 
Aydoğdua; Buldur; & Kartal. 2013; Ogan-Bekiroğlu; &  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 (IOC). 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 (IOC) 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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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 I know, 
what I do not know, what I 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 

Engagement-P-M-E phase 

Exploration-P-M-E phase 

Explanation-P-M-E phase 

Elaboration-P-M-E phase 

Evaluation phase 
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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 I know, what I 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.  

 
 

 
 
        
 
 
 
 

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. 

 
 
 
 
 
 

 
 
 
 
 

                            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 I know, what I 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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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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                             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 
questions, 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 

Enhancing students were 
able to make a plan, 
monitor, and evaluate 
while learning and 
perceived own abilities 
both knowledge 

Planning 1) response to pictures/ situation/ 
simulation/clip video/news/daily life  
which are  presented by teacher 
2) recheck prior knowledge relate to 
those presentations  
3) propose the questions or 

1) prepares learning 
material such as pictures/ 
situation/ simulation/clip 
video/news/daily life  
2) questioning to know 
students’ prior knowledge  
3) giving the example of  
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TABLE 17 (continued) 
 

Overview Sub cycle Student’ s role Teacher’ s role 

and processes as 
students needed to be 
asked and evaluated their 
prior knowledge while 
discussion their ideas with 
friends, making plan, and 
responding to given 
learning activities. In 
addition, students 
interested in science 
question and engaged in 
scientifically oriented 
questions to formulate 
science question (testable 
question).  

 issues that they want to know or 
investigate  
4) consider data from issues what 
they already know and what they 
have not known yet to formulate 
testable question (scientific 
question) or goal of investigation 

testable questions to 
students and engage 
them to pinpoint of those 
questions  
4) engage students to 
create the testable 
question; based on the 
question they have what 
you already knew, what 
you have not known yet. 

 Monitoring 
 

1) Propose the testable question or 
questions relate the presented 
material and discuss    
2) Check and compare the 
formulated testable questions with 
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. 

1) Shows students the 
comprising of testable 
question for monitoring 
themselves. 
2) Being as a facilitator 
 

 Evaluating 
 

1) evaluate all the testable 
questions presented in monitoring 
step and make decision to write the 
final testable question/ or questions 
that needs to continue investigation. 
 

1) helps when students 
need to scaffold; edit 
students’ language in 
sentences (clarifying) 
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TABLE 17 (continued) 
 

Overview Sub cycle Student’ s role Teacher’ s role 
Exploration 

enhance students were 
able to make a plan, 
monitor , and evaluate 
w h i l e  l e a r n i n g  a n d 
perceived own abilities 
bo t h  know l edge  and 
processes as students 
needed to be asked and 
evaluated their knowledge 
and skills while discussion 
their ideas with friends, 
m a k i n g  p l a n ,  a n d 
r esp o nd i ng  t o  g i v en 
learning act ivi t ies.  In 
addition, students gave 
priority to evidence in 
responding to question. 

Planning 
 

1) Identify the goal of investigate 
2) Identify the evidences which can     
be confirmed and consistent with 
the testable question/ or the goal of  
investigate 
3) Plan to get that evidence based 
on asking themselves/guided; what 
does the material need to use? How 
to get the evidence? What is the 
indicator to collect the evidences? 
Can it measure by number? What is 
the careful acting while doing the 
experiment?   

1) Reminds students 
about their goal/the 
testable question that  
they are going to pursuing 
2) Being a facilitator while 
students are discussing 
about the procedure plan 
include gives students 
sometime the questions to 
enable the complete plan 
3) Listens and adjusts 
students’ identifying the 
instruments or indicators 
include the procedures of 
doing experiment that 
proposed by students’ 
experiences. 

Monitoring 
 

1) Checking between plan and 
procedure while doing the 
experiment 
2) Checklist on ISNs notebook 
about getting the evidences, error, 
problems occur while doing the 
experiment by answer the questions 
as following; 
-Do I reach the evidences? 
-Do I find something wrong? 
-What is the problem? 
-Is it right procedure?  
-Is the data making sense? 

1) Engages students to 
monitor while doing the 
experiment by checklist;     
got evidence yet?                                    
On the right path? 
2) Being a facilitator 

Evaluating 
 

1) Evaluate the evidences 
2) Compare the results of 
experiment or data with others 
3) Recommend what they want to  

1) Engage students to 
evaluate the evidences 
from the experiment 
including find factors  
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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 
given learning activities. 
In addition, students 
formulated explanation 
from evidence, connected 
explanation to scientific 
knowledge, and 
communicated and 
justified explanations. 

 

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 
students’ opinion including 
their explanation about the 
results that proposed by 
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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TABLE 17 (continued) 
 

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 
explanation of the 
experiment/exploration and 
checklist with the goal or the 
template plan of scientific 
explanation 
2) Compare those conclusion and 
explanation with others 

1) Reminds students to 
monitor while writing the 
explanation by checklist 
2) Gives students 
opportunities to presents 
their writing  
3) Listen and being as a 
facilitator 
4) Ask more details about 
words in the paragraph of 
explanation to check 
misconception. 

 Evaluating 
 

1) Evaluate and make decision by 
comparing and making perfect 
explanation with own language. 

1) Engages students to 
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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TABLE 17 (continued) 
 

Overview Sub cycle Student’ s role Teacher’ s role 
Elaboration 

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 
and skills while discussion 
their ideas with friends, 
making plan, and 
responding to the science 
task. In addition, students 
formulated testable 
question/goal, explored 
the evidence and 
formulated the 
explanation based on 
evidence, connected 
explanation to scientific 
knowledge including 
communicated and 
justified explanation. 

 

Planning 
 

1) Set the goal  
2) Identify what can be the 
important data or evidence to be 
the answer of question. 
3) Propose the way to get data or 
evidence and identify the resources 
 
 

1) Prepares instructional 
material such as pictures/ 
situation/ simulation/clip 
video/news/daily life / work 
sheet/ science task 
2) Engage students to 
set/identify the goal and 
the ways to get the 
evidence/ data to use in 
solving those assigned 
science tasks such as;  
What is the goal? 
What is the needed data 
to make you reach the 
goal? Where/How to get 
those data?  
How is the needed data 
relate to the question? 

Monitoring 
 

1) Reminds the goal to check; Is it 
complete data? 
How is it related?  
2) Proposes and compares the 
ideas with others 

1) Being as a facilitator 
2) Reminds the goals to 
the students 
3) Gives scaffold 
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 
comparing and making perfect 
answer 

1) Engages students to 
evaluate and make 
decision to be complete 
the task. 
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TABLE 17 (continued) 
 

Overview Sub cycle Student’ s role Teacher’ s role 
Evaluation 

Evaluating students’ 
knowledge and skills. 
Students perceived own 
abilities both knowledge 
and processes as 
students needed to be 
responded to the 
worksheet and were 
evaluated themselves 
about their gained 
knowledge and skills. In 
other word, students 
perceived their 
capabilities related to 
learning activities they 
experienced which 
affected to level of self-
efficacy in science. 

-none- 1) Self-evaluation in terms of 
reflects what they have learned 
comparing between pre- and post- 
learning activity and write the 
journal sometime. 
2) Response to the given 
measurement task 

1) Prepares learning 
material such as pictures/ 
situation/ simulation/clip 
video/news/daily life / work 
sheet 
2) Listen, observe 
students while doing given 
measurement task 
3)  Given students task or 
test in order to measure 
learning objectives. 
4) Given students positive 
feedback with focusing on 
effort, tell them what good 
things they have and what 
should be more 
consideration and 
practice. 

 
 
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  ̅ 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)   
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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 I had to do or I had to do this” (SG4) 

             “I 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 
score 

 ̅ S.D. t p 

Overall Pretest 33 22 8.39 2.235 -2.108 .043* 
 Posttest 33 22 9.18 2.899 
Explain Phenomena 
Scientifically 

Pretest 33 9.00 3.70 1.075 .452 .654 
Posttest 33 9.00 3.61 1.345 

Design Scientific 
Enquiry 

Pretest 33 5.00 2.61 0.933 -1.299 .203 
Posttest 33 5.00 2.88 0.781 

Interprets Data         
and Evidence 
Scientifically 

Pretest 33 8.00 2.12 0.927 -3.288 .002* 
Posttest 33 8.00 2.73 1.281 

     

*p < .05 
Table 19, the overall of science competencies post-test was statistically 

significantly higher than pre-test at .05 level.  



152 
 

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 I wrote my thought was changing more and more, I liked to explain the particular topic 

given from teacher rather than explain what I had gained knowledge” (SG6) 
“Self-evaluation leaded me perceived I had gained knowledge from the lesson but I sometimes 

could not write it however I knew that I 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 I 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  ̅ S.D. t p 

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 I had to do or I had to do this” (SG4) 
“The humidity experiment was reality situation and I could measure it, I 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. 
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 “I liked it, informally planning” (SG5)   
 “I liked humidity experiment because it was reality situation” (SG4) 
“I liked the balancing bag because it was fun; I 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 I used to see the extension-shrink 
of food bag but I 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.  
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TABLE 21 The Pearson correlation between science process skills and science 
competencies      
             
  science process skills science competencies 

 science  
process skills 

Pearson Correlation 1 .704** 
Sig. (2-tailed)  .000 
n 33 33 

 science  
competencies 

Pearson Correlation .704** 1 
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 

competencies 
Self-efficacy 

Spearman's 
rho 

Science  
competencies 

Correlation Coefficient 1.000 .004 
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.  
 

 



158 
 

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 
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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. 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 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 skil l 
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 see0 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 



175 
 

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.  

 



180 
 

BIBLIOGRAPHY 
 

Anagun, Sengul.S. (2009). Developing Scientific Process Skills at Science and Technology 
Course in Fifth Grade Students. Elementary Education Online. 8(3): 843 – 865. 

Anderson, Ronald D.  (2002). Reforming of Science Teaching: What Research Says About 
Inquiry. Journal of Science Teacher Education, 13(1): 1 -12. 

Aydoğdua, Bülent; Buldur, Serkan; & Kartal, Sebahattin.  (2013). The Effect of Open-Ended 
Science Experiments Based on Scenarios on the Science Process Skills of the Pre-
Service Teachers. Procedia Social and Behavioral Science, 93(2013): 1162 -1168.     

Baldwin, Julie A; Ebert-May, Diane; & Burns, Dennis J.  (1999). The Development of a 
College Biology Self-efficacy Instrument for Nonmajors. Science Education, 
83(4):  397–408.  

Bandura,  Albert.  (1994). Self-efficacy. In V. S. Ramachaudran (Ed.), Encyclopedia of 
human behavior (Vol. 4, pp. 71 - 81). New York: Academic Press. (Reprinted in H. 
Friedman [Ed], Encyclopedia of mental health. San Diego: Academic Press, 1998). 
Retrieved October 21, 2015 from 

https://www.uky.edu/~eushe2/Bandura/BanEncy.html 
-----------.  (2000). Exercise of Human Agency through Collective Efficacy. American 

Psychology.  Retrieved October 21, 2015 from 
http://www.uky.edu/~eushe2/Bandura/Bandura2000CDPS.pdf 

-----------.  (2006). Guide for Constructing Self-efficacy Scales. In F. Pajares & T. Urdan 
(Eds.). Self-efficacy beliefs of adolescents, (Vol.5, pp. 307 – 337). Greenwich, CT: 
Information Age Publishing. Retrieved October 21, 2015 from 
https://www.uky.edu/~eushe2/Bandura/BanduraGuide2006.pdf 

Barrow, Lloyd H.  (2006). A Brief History of Inquiry: From Dewey to Standards. Journal of 
Science Teacher Education, 17: 265 – 278. 

Beaumont-Walters, Yvonne; & Soyibo, Kola. (2001). An Analysis of High School Students' 
Performance on Five Integrated Science Process Skills, Research in Science & 
Technological Education,19(2): 133-145. 

 

http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1098-237X(199907)83:4%3C%3E1.0.CO;2-1/issuetoc
http://www.uky.edu/~eushe2/Bandura/Bandura2000CDPS.pdf


181 
 

Bilgin, Ibrahim.  (2006). The Effects of Hands-on Activities Incorporating A Cooperative 
Learning Approach on Eight Grade Students’ Science Process Skills and Attitudes 
toward Science. Journal of Baltic Science Education,  1(9): 27 – 37. 

Bong, Mini; & Skaalvik, Einar M.  (2003). Academic Self-concept and Self-efficacy: How 
different are they really?. Educational Psychology Review, 15(1): 1 – 40. 

Britner, Shari L ; & Pajares, Frank.  (2006). Sources of Science Self-Efficacy Beliefs of Middle 
School Students. Journal of Research in Science Teaching, 43(5): 485–499. 

Burns, Joseph C; Okey, Jame R; & Wise, Kevin C.  (1985). Development of an Integrated 
Process Skill Test: TIPS II. Journal of Research in Science Teaching, 22(2): 169 – 
177. 

Brow Dean James. (2000). Questions and answers about language testing statistics: item 
statistics for weighted items. Shiken: JALT Testing & Evaluation SIG Newsletter, 
3(2): 18-20. 

Bybee, Rodger W; et al.  (2006). The BSCS 5E Instructional Model: Origins and 
Effectiveness. Retrieved May 4, 2015 from 
https://www.researchgate.net/publication/242363914_The_BSCS_5E_Instructional_
Model_Origins_Effectiveness_and_Applications 

-----------. (2006). The BSCS 5E Instructional Model: Origins, Effectiveness, and Applications 
Executive Summary. Retrieved May 13, 2015 from 
http://pdspalooza.pbworks.com/f/bscs5eexecsummary.pdf 

Chairam, Sanoe; Klahan, Nutsuda; & Coll, Richard K. (2015). Exploring Secondary Students’ 
Understanding of Chemical Kinetics through Inquiry- Based Learning Activities. 
Eurasia Journal of Mathematics, Science & Technology Education, 11(5): 937 – 
956. 

Chaiyen, Yaowares; Bunsawansong, Pensri.;& Yutakom, Naruemon. (2007). Integrated 
Science Process Skills on Chemical Equilibrium of High School Students from 
Schools in Chanthaburi Province. Kasetsart J. (Soc. Sci), 28 : 11 – 22. 

Chamrat, Suthida.  (2013). Unit 8 Science Teaching 1 in Thummapatip, J; et al. Foundations 
and Methodologies of Science Education. Bangkok. P. 1-90. Retrieved January 9, 
2016 from http://edu.stou.ac.th/EDU/UploadedFile/22758-8.pdf 



182 
 

Chin, Christine; & Brown, David E.  (2002). Student-Generated Questions: A meaningful 
aspect of learning in science. International Journal of Science Education, 24(5):  
521-549. 

Chaurasia, K. (2015). Relationship between Science Processes and Concept-attainment in 
Science. Global Journal for Rsearch Analysis, 4(5), 316-317. 

Cera Rosa;& Mancini Michela;& Antonietti Alessandro. (2013). Relationships between 
metacognition, self-efficacy and self-regulation in learning. ECPS-Journal: 116-141. 

Cojorn. 2011. A Development of Creative Problem Solving (CPS) Learning Model on Matter 
and Properties of Matter for Seventh Grade Students. Dissertation, Ed.D. (Science 
Education). Bangkok: Graduate School, Srinakharinwirot University. 

Colangelo, R., Okumura, C., Patrick, S., Whitten-Kassner, E., Chen, L.-S., & 
Thammasunthorn, V. (2009). Science Lab Activities for Secondary Science 
Education in Northeast Thailand. Bangkok. 

Cross, David R; & Paris, Scott G.  (1988). Developmental and Instructional Analyses of 
Children’s Metacognition and Reading Comprehension. Journal of Educational 
Psychology, 80(2): 131 – 142. 

-----------. (2009). The Development of Two Observational Tools for Assessing Metacognition 
and Self-regulated Learning in Young Children. Metacognition and Learning, 4: 
63–85 

Davis, Elizabeth A.  (2003). Promoting Middle School Science Students for Productive 
Reflection: Generic and directed prompts. The Journal of Learning Sciences, 
12(1): 91 – 142.  

Delclos, Victor R; & Harrington, Christine.  (1991). Effect of Strategy Monitoring and 
Proactive Instruction on Children’s Problem-solving Performance. Journal of 
Educational Psychology, 83: 35 – 42. 

Elliott, Paul. (2010). Science literacy in the elementary class. Retrieved May 5, 2018, from 

https://www.trentu.ca/education/faculty-and-research/full-time-faculty/elliott-
paul/publications 

Flavell, John H.  (1979).Metacognition and Cognitive Monitoring: A new area of cognitive—
development inquiry. American Psychological Association, 34(10): 906 – 911. 



183 
 

Feyzioglu, B. (2009). An Investigation of the Relationship between Science Process Skills 
with Efficient Laboratory Use and Science Achievement in Chemistry Education. 
Journal of Turkish Science Education, 6(3), 114-132. 

Gacheri, Grace; & Ndege, Nicholas M. (2014). Science Process Skills Application In 
Practical Assessments In Maara District Secondary Schools, Kenya. International 
Journal of Social Sciences and Entrepreneurship: 1(12). 

Hackett, Gail; & Betz, Nancy E.  (1989). An Exploration of the Mathematics Self-efficacy 
Mathematics Performance Correspondence. Journal for Research in Mathematics 
Education, 20(3): 261 – 273.  

Halren, Wynne. (1999). Purpose and Procedures for Assessing Science Process Skills.  
Assessment in Education: Principles, Policy & Practice, 6(1): 129 – 144. 

IPST (Biology).  (2006). 5Es Learning Cycle for Developing Higher Order Thinking. 
Retrieved January 9, 2016 from http://biology.ipst.ac.th/?p=688 

Jeenthong, Tadsanai; Ruenwongsa, Pintip; & Sriwattanarothai, Namkang.  (2014). Promoting 
Integrated Science Process Skills through Betta-live Science Laboratory. Procedia 
Social and Behavioral Science, 116(2014): 3292 – 3296.     

Junping, Jarintorn; Patarathitinant, Sawrarat; & Achiwawanich Supakit.  (2011). The 
Development of an Integrated Science Process Skills of Grade 8th Students Using 
the Inquiry Method. The 2nd STOU Graduate Research Conference. Retrieved 
June 27, 2015 from 
http://www.stou.ac.th/thai/grad_stdy/Masters/%E0%B8%9D%E0%B8%AA%E0%B8
%AA/research/2nd/FullPaper/SS/Oral/O-
SS%20024%20%E0%B8%99%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B8%
B2%E0%B8%A7%E0%B8%88%E0%B8%A3%E0%B8%B4%E0%B8%99%E0%B8
%97%E0%B8%A3%E0%B9%8C%20%20%E0%B8%88%E0%B8%B1%E0%B8%99
%E0%B8%97%E0%B8%A3%E0%B9%8C%E0%B9%80%E0%B8%9E%E0%B9%8
7%E0%B8%87.pdf 

Kaewseehabut, Pradit; & Khantho, Sathaporn.  (2007). The Study of Thinking Skill, Science 
Process Skills and Science Learning Achievement for the Second Level 

http://biology.ipst.ac.th/?p=688
http://www.stou.ac.th/thai/grad_stdy/Masters/%E0%B8%9D%E0%B8%AA%E0%B8%AA/research/2nd/FullPaper/SS/Oral/O-SS%20024%20%E0%B8%99%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B8%B2%E0%B8%A7%E0%B8%88%E0%B8%A3%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B9%8C%20%20%E0%B8%88%E0%B8%B1%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B9%8C%E0%B9%80%E0%B8%9E%E0%B9%87%E0%B8%87.pdf
http://www.stou.ac.th/thai/grad_stdy/Masters/%E0%B8%9D%E0%B8%AA%E0%B8%AA/research/2nd/FullPaper/SS/Oral/O-SS%20024%20%E0%B8%99%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B8%B2%E0%B8%A7%E0%B8%88%E0%B8%A3%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B9%8C%20%20%E0%B8%88%E0%B8%B1%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B9%8C%E0%B9%80%E0%B8%9E%E0%B9%87%E0%B8%87.pdf
http://www.stou.ac.th/thai/grad_stdy/Masters/%E0%B8%9D%E0%B8%AA%E0%B8%AA/research/2nd/FullPaper/SS/Oral/O-SS%20024%20%E0%B8%99%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B8%B2%E0%B8%A7%E0%B8%88%E0%B8%A3%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B9%8C%20%20%E0%B8%88%E0%B8%B1%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B9%8C%E0%B9%80%E0%B8%9E%E0%B9%87%E0%B8%87.pdf
http://www.stou.ac.th/thai/grad_stdy/Masters/%E0%B8%9D%E0%B8%AA%E0%B8%AA/research/2nd/FullPaper/SS/Oral/O-SS%20024%20%E0%B8%99%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B8%B2%E0%B8%A7%E0%B8%88%E0%B8%A3%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B9%8C%20%20%E0%B8%88%E0%B8%B1%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B9%8C%E0%B9%80%E0%B8%9E%E0%B9%87%E0%B8%87.pdf
http://www.stou.ac.th/thai/grad_stdy/Masters/%E0%B8%9D%E0%B8%AA%E0%B8%AA/research/2nd/FullPaper/SS/Oral/O-SS%20024%20%E0%B8%99%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B8%B2%E0%B8%A7%E0%B8%88%E0%B8%A3%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B9%8C%20%20%E0%B8%88%E0%B8%B1%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B9%8C%E0%B9%80%E0%B8%9E%E0%B9%87%E0%B8%87.pdf
http://www.stou.ac.th/thai/grad_stdy/Masters/%E0%B8%9D%E0%B8%AA%E0%B8%AA/research/2nd/FullPaper/SS/Oral/O-SS%20024%20%E0%B8%99%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B8%B2%E0%B8%A7%E0%B8%88%E0%B8%A3%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B9%8C%20%20%E0%B8%88%E0%B8%B1%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B9%8C%E0%B9%80%E0%B8%9E%E0%B9%87%E0%B8%87.pdf
http://www.stou.ac.th/thai/grad_stdy/Masters/%E0%B8%9D%E0%B8%AA%E0%B8%AA/research/2nd/FullPaper/SS/Oral/O-SS%20024%20%E0%B8%99%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B8%B2%E0%B8%A7%E0%B8%88%E0%B8%A3%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B9%8C%20%20%E0%B8%88%E0%B8%B1%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B9%8C%E0%B9%80%E0%B8%9E%E0%B9%87%E0%B8%87.pdf


184 
 

(Prathomsuksa VI Student) by an Instructional 4-E Science Learning Cycle. 
Khonkaen University Research Journal (GS), 7(2): 154 – 165. 

Karamustafaoğlu, Sevilay.  (2011). Improving the Science Process Skills Ability of Science 
Student Teachers Using I Diagrams. Eurasian Journal of Physics and Chemistry 
Education, 3(1): 26-38. 

 Karsli, Fethiye  ; & Ayas, Alipaşa.  (2014). Developing a Laboratory Activity by Using 5e 
Learning Model on Student Learning of Factors Affecting the Reaction Rate and 
Improving Scientific Process Skills. Procedia - Social and Behavioral Sciences, 
143: 663–668. 

Keil, Chris; Haney, Jodi; & Zoffel, Jennifer.  (2009). Improvements in Student Achievement 
and Science Process Skills Using Environmental Health Science Problem-Based 
Learning Curricula. Electronic Journal of Science Education: 13(1). 

Koksala, Ela Ayse ; & Berberoglu, Giray.  (2012). The effect of Guided-Inquiry Instruction on 
6th Grade Turkish Students’ Achievement, Science Process Skills, and Attitudes 
toward Science. International Journal of Science Education, 36(1): 66 – 78. 

Kramarski, Bracha; & Mevarech. Zemira R.  (2003). Enhancing Mathematical Reasoning in 
the Classroom: The effects of cooperative learning and metacognitive training. 
American Educational Research Journal, 40(1): 281 – 310.  

Kruea-In, Chatchai ; Kruea-In, Nantarat ; & Fakcharoenphol, Witat.  (2015). A Study of Thai 
In-Service And Pre-Service Science Teachers’ Understanding of Science Process 
Skills. Procedia – Social and Behavioral Sciences, 197(2015): 993 – 997. 

Kruea-In, Nantarat; Thongperm, Orawan.  (2014).  Teaching of Science Process Skills in 
Thai Contexts: Status, Supports and Obstacles.  Procedia – Social and Behavioral 
Sciences, 141(2014): 1324 – 1329. 

Lalia Halim. (2015). Improving science literacy through a conductive laboratory learning 
environment: a proposed model. Retrieved May 10, 2018, from 
https://www.researchgate.net/publication/232880696_Improving_Middle_School_St
udents'_Science_Literacy_Through_Reading_Infusion 

Lati, Wichai; Supasorn, Saksri; & Promarak, Vinich. (2012). Enhancement of Learning 
Achievement and Integrated Science Process Skills Using Science Inquiry 

http://www.sciencedirect.com/science/article/pii/S1877042814043882
http://www.sciencedirect.com/science/article/pii/S1877042814043882
http://www.sciencedirect.com/science/journal/18770428
http://www.sciencedirect.com/science/journal/18770428/143/supp/C


185 
 

Learning Activities of Chemical Reaction Rates. Procedia Social and Behavioral 
Science, 46(2012): 4471- 4475.     

Lent, Robert W; Lopez, Frederick G; & Bieschke, Kathleen J.  (1993). Predicting 
Mathematics-related Choice and Success Behaviors: Test of an expanded social 
cognitive model. Journal of Vocational Behavior, 42: 223- 236. 

Lin, Tzung Jin; & Tsai, Chin Chung. (2012). A Multi-dimensional Instrument for Evaluating 
Taiwanese High School Students’ Science Learning Self-efficacy in Relation to 
Their Approaches to Learning Science. International Journal of Science and 
Mathematics Education, 11: 1275 – 1301. 

Mao Song-Ling;& Chang Chun-Yen. ( ). Impacts of an inquiry teaching method on earth 
science students’ learning outcoumes and attitudes at the secondary school level. 
Proc. Natl. Sci. Counc. ROC(D), 8(3): 93-101. 

McColskey, Wendy; & O’ Sullivan, Rita.  (2000). How to Assess Student Performance in 
Science: Going beyond Multiple-choice Tests (A resource manual for teachers). 
SERVE. 

Mei, Grace Teo Yew.(2007). Promoting Science Process Skills and the Relevance of 
Science through Science Alive Programme. Retrieved May 10, 2018, from 
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.489.2768&rep=rep1&typ
e=pdf 

Ministry of Education.  (2008). The Basic Education Core Curriculum B.E. 2551 (A.D. 2008).  
Mollozzi, Floria; & Heilbronner, Nancy N.  (2013). The Effects of Using Interactive Student 

Notebooks and Specific Written Feedback on Seventh Grade Students’ Science 
Process Skills. Electronic Journal of Science Education, 17(3): 1 – 24. 

Nakthong, Usa.; Anuntasethakul, Thiraporn. ;& Yutakom, Naruemon.  (2007). Science 
Process Skills of Grade 10 Students Related to Cells and Cell Processes. 
Songklanakarin Journal of Social Science and Humanities, 13(3): 383 – 394. 

National Research Council. (1996). National Committee on Science Education Standards 
and Assessment. Retrieved June 28, 2015 from 
http://www.nap.edu/catalog/4962.html 

http://www.nap.edu/catalog/4962.html


186 
 

-----------. (2000). Inquiry and the National Science Education Standards: A Guide for 
Teaching and Learning. Retrieved June 27, 2015 from 
http://www.nap.edu/read/9596/chapter/1 

Nelson, T.H. (2004). Helping students make connections. The Science Teacher. 71(3):      
32-35. 

OECD. (2007).  PISA 2006 Science Competencies for Tomorrow’s world: Volume 1: 
Analysis. Retrieved June 27, 2014 from 

http://www.oecd.org/education/school/programmeforinternationalstudentassessme
ntpisa/pisa2006results.htm 

-----------. (2007). PISA Data Analysis Manual. Retrieved June 27, 2014 from 

http://www.oecd.org/education/school/programmeforinternationalstudentassessme
ntpisa/pisa2006results.htm 

-----------. (2013).  PISA 2015 Draft Science Framework. Retrieved June 27, 2014 from 

https://www.oecd.org/pisa/pisaproducts/Draft%20PISA%202015%20Science%20Fr
amework%20.pdf 

OECD. (2016). PISA 2015 Results (Volume I): Excellence and Equity in Education, PISA, 
OECD Publishing, Paris. http://dx.doi.org/10.1787/9789264266490-en  

Oloyede, O. I. (2012). The relationship between Acquisition of Science Process Skills, 
Formal Reasoning Ability and Chemistry Achievement. IJAAAS, 8(1), 1-4. 

Ogan-Bekiroğlu, Feral; &  Arslan, Arzu.  (2014). Examination of the Effects of Model-based 
Inquiry on Students’ Outcomes: Scientific process skills and conceptual knowledge. 
Procedia Social and Behavioral Science, 141(2014): 1187 – 1191.     

Ong Saw Lan. (2006). Comparing Acquistion of Science Process Skills and Science 
Achievement Using Modern Test Theory. Proceeding of International Science 
Education Conference 2006, 22-24, Singapore. 

Özgelens, Sinan.  (2012). Students’ Science Process Skills Within a Cognitive Domain 
Framework. Eurasia Journal of Mathematics, Science & Technology Education: 
283 – 292. 

Padilla, Michael J.  (1990). The Science Process Skills. Research Matters – to the Science 
Teacher No. 9004.   

http://www.nap.edu/read/9596/chapter/1


187 
 

Pajares, Frank.  (1996). Self-efficacy Beliefs in Academic Settings. Review of Educational 
Research, 66(4): 543 – 578. 

-----------.  (1996b). Self – efficacy Beliefs and Mathematical Problem-solving of Gifted 
Students. Contemporary Educational Psychology, 21: 325 – 344. 

-----------.  (1996c). Assessing Self-efficacy Beliefs and Academic Outcomes: The case for 
specificity and correspondence. Paper presented at a symposium chaired by 
B.J.Zimmerman, Measuring and mismeasuring self-efficacy: Dimensions, problems, 
and misconceptions. Annual meeting of the American Education Research 
Association. New York. 

-----------.  (2005). Gender Differences in Mathematics Self-efficacy Beliefs. In A. M. 
Gallagher & J.C. Kaufman (Eds.), Gender differences in mathematics: An 
integrative psychological approach (pp. 294 – 315). New York: Cambridge 
University. Retrieved October 21, 2015   from 
https://www.researchgate.net/profile/Eunsook_Hong/publication/237235192_Gend
er_Effects_on_Mathematics_Achievement_Mediating_Role_of_State_and_Trait_Self
-Regulation/links/54da9b650cf233119bc358f8.pdf#page=311 

Pajares, Frank; & Johnson, Margaret J.  (1996). Self-efficacy Beliefs and the Writing 
Performance of Entering High School Students. Psychology in the School, 33(2): 
163 - 175. 

Pajares, Frank; Hartley, James; & Valiante, Giovanni.  (2001). Response Format in Writing 
Self-efficacy Assessment: Greater discrimination increases prediction. 
Measurement & Evaluation in Counseling & Development, 33(4).  Retrieved 
October 21, 2015 from              
http://www.uky.edu/~eushe2/Pajares/PHV2001MECD.html 

Paris, G. Scott; & Winorad, P. (1990). Promoting Metacognition and Motivation of 
Exceptional Children. Remedial and Special Education. Retrieved October 21, 
2015 from 
http://deepblue.lib.umich.edu/bitstream/handle/2027.42/69089/10.1177_07419325
9001100604.pdf?sequence=2&isAllowed=y              

https://www.researchgate.net/profile/Eunsook_Hong/publication/237235192_Gender_Effects_on_Mathematics_Achievement_Mediating_Role_of_State_and_Trait_Self-Regulation/links/54da9b650cf233119bc358f8.pdf#page=311
https://www.researchgate.net/profile/Eunsook_Hong/publication/237235192_Gender_Effects_on_Mathematics_Achievement_Mediating_Role_of_State_and_Trait_Self-Regulation/links/54da9b650cf233119bc358f8.pdf#page=311
https://www.researchgate.net/profile/Eunsook_Hong/publication/237235192_Gender_Effects_on_Mathematics_Achievement_Mediating_Role_of_State_and_Trait_Self-Regulation/links/54da9b650cf233119bc358f8.pdf#page=311
http://www.uky.edu/~eushe2/Pajares/PHV2001MECD.html


188 
 

Parker, Philip David.; et al.  (2013). Juxtaposing Math Self-efficacy and Self-concept as 
Predictors of Long-term Achievement Outcome. Educational Psychology: An 
International Journal of Experimental Educational Psychology, 1 - 20. 

PISA Thailand. (2007).  PISA 2006 Science Competencies for Tomorrow’s World. Bangkok: 
The institute for the Promotion of Teaching Science and Technology (IPST). 

Prachanant, B.; Kanyaprasith, K.; & Chaivisuthangkura, P. (2016). The Perception of 
Science Secondary School Teachers Towards the Science Learning Problems of 
Lower Secondary School Students in Thailand. Proceeding of The Asian 
Conference on Education & International Development 2016 (pp. 577-587). Kobe, 
Japan.  

Preece, Peter F. W; & Brotherton, Peter N.  (1997). Teaching Science Process Skills: Long‐
term effects on science achievement. International Journal of Science Education: 
19(8). 

Raj, G. R.; & Devi, N. S. (2014). Science Process skills and Achievement in Science among 
High School Students. Scholarly Rsearch Journal for Interdisciplinary Studies, 
2(15): 2435 - 2443. 

Randy M. Issacson;& Frank Fujita. (2006). Metacognitive knowledg monitoring and self-
regulated learning: academic success and reflections on learning. Journal of the 
Scholarship of Teaching and Learning, 6(1): 39-55. 

Raoofi, Saeid; Tan, Bee Hoon;  & Chan, Swee Heng.  (2012).  Self-efficacy in 
Second/Foreign Language Learning Contexts. English Language Teaching, 5(11).  

Rauf, Rose Amnah Abd; et al.  (2013). Inculcation of Science Process Skills in a Science 
Classroom. Asia Social Science, 9(8): pp. 47 -57. 

Rittmayer, Ashley D; & Beier, Magaret E.  (2009). Self-efficacy in STEM. In B. Bogue & E. 
Cady (Eds). Applying Research to Practice (ARP) Resources. Retrieved October 
28, 2015 from 
http://www.engr.psu.edu/awe/secured/director/assessment/Literature_Overview/PD
F_overviews/ARP_SelfEfficacy_Overview_122208.pdf 

Rohaida & Kamariah. (2005). Technology-based science classroom: what factors facilitate 
learning? Journal Pendidik dan Pendidikan, July(20): 1-19. 

http://www.tandfonline.com/loi/tsed20?open=19#vol_19
http://www.engr.psu.edu/awe/secured/director/assessment/Literature_Overview/PDF_overviews/ARP_SelfEfficacy_Overview_122208.pdf
http://www.engr.psu.edu/awe/secured/director/assessment/Literature_Overview/PDF_overviews/ARP_SelfEfficacy_Overview_122208.pdf


189 
 

Rompayom, Pacharee.  (2010). Development of “Chemical Bonding” Learning Units 
Incorporated with Elicitation Strategy for High School Students. Dissertation, Ed.D. 
(Science Education). Bangkok: Graduate School, Srinaharinwirot University.  

Sanderson, Barbara A.; & Kratochvil, Daniel W.(1971). Science—A Process Approach, 
Product Development Report No.8. California. 

Saribas, Deniz; & Bayram, Hale. (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. 
Procedia Social and Behavioral Science, 1: 61 – 72.                                                                                                                                                                                                                                                               

Schmidt, Jennifer A; & Shumow, Lee.  (2012). Change in Self-efficacy in High School 
Science Classrooms. Nova Science Publishers. Retrieved October 20, 2015 from 
http://cedu.niu.edu/scienceinthemoment/reports/LeeSchumowEfficacy.pdf 

Schraw, Gregory.  (1998). Promoting General Metacognitive Awareness. Research in 
Science Education, 26: 113 – 125. 

Schraw, Gregory; & Dennison, Rayne Sperling.  (1994). Assessing Metacognitive 
Awareness. Contemporary Educational Psychology, 19: 460 – 475. 

Schraw, Gregory; & Moshman, David.  (1995). Metacognitive Theories. Educational 
Psychology Review, 7(4): 351 – 371. 

Schraw, Gregory; Crippen, Kent J; & Hartley, Kendall.  (2006). Promoting Self-regulation in 
Science Education: Metacognition as part of a broader perspective on learning. 
Research in Science Education, 36: 111 – 139. 

  Seetee, Navara. (2016). Development of Acid-Base Laboratory Learning Model based on 
Social Constructivism and Connection between the Three Levels of Chemical 
Representation for Upper Secondary Students. Dissertation, Ed.D. (Science 
Education). Bangkok: Graduate School, Srinakharinwirot University. 

Sheeba, M.N.  (2013). An Anatomy of Science Process Skills In The Light Of The Challenges 
to Realize Science Instruction Leading To Global Excellence in Education. 
Educationia Confab, 2(4): 108 – 123. 

Shive, Louise E.  (2002). Integrated Process Skill Test II. Retrieved November 2, 2014 from 
http://www.lifescied.org/content/suppl/2009/04/16/5.3.218.DC1/3_TIPSII.pdf 

http://cedu.niu.edu/scienceinthemoment/reports/LeeSchumowEfficacy.pdf
http://www.lifescied.org/content/suppl/2009/04/16/5.3.218.DC1/3_TIPSII.pdf


190 
 

Şimşek, Pınar; & KabapÕ nar, Filiz. (2010). The Effects of Inquiry-based Learning on 
Chemistry Students’ Conceptual Understanding of Matter, Science Process Skills 
and Science Attitudes. Procedia Social and Behavioral Science, 1(2010): 1190 -
1194.    

Somsuk, Prapa.  (2015). Development of the 2I3C Physics Instructional Model Using 
Scientific Argumentation for Upper Secondary School Students. Dissertation, Ed.D. 
(Science Education). Bangkok: Graduate School, Srinakharinwirot University. 

Srithep, Chotirose; Dahsah Chanya. (2016). High school science students’ difficulties in 
constructing scientific explanations in Biology. Proceeding of International 
Conference New Perspectives in Science Education 2016 Florence, Italy.  

Stanton Dangremond Julie; Neider N. Xyanthe; Gallegos J. Isaura;& Clark C. Nicole.(2015). 
Differences in metacognitive regulation in introductory Biology students: when 
prompts are not enough. CBE-Science Education, 14(1-12). 

Surif, Johari; Ibrahim, Hasniza, Nor;  & Mokhtar, Mahani. (2012). Conceptual and Procedural 
Knowledge in Problem Solving. Procedia - Social and Behavioral Sciences, 56: 
416 – 425. 

SWE-AWE-CASEE ARP Resources.  (2008). Self-efficacy in STEM. SWU-AWE-CASEE 
Overviews.  Retrieved October 22, 2015 from 
https://www.engr.psu.edu/awe/misc/ARPs/ARP_SelfEfficacy_InfoSheet_122208.pdf 

The Exploratorium and Institute for Inquiry.  (2006). Workshop II: Assessing Process Skills.  
A Professional development curriculum. San Francisco, CA.  

The Institute for the Promotion of Teaching Science and Technology (IPST).  (2010). 
Teacher’s Guidebook: Science 2 for seventh grade students. Bangkok. 

The Ministry of Education Thailand. (2008). The Basic Education Core Curriculum B.E. 2551 
(A.D. 2008). Bangkok. 

Thiangchanthathip. 2016. The Development of HI-ER Learning Model for Enhancing 
Scientific Conceptions, and the Nature of Science Understanding of 10th Grade 
Students. Dissertation, Ed.D. (Science Education). Bangkok: Graduate School, 
Srinakharinwirot University. 

http://www.sciencedirect.com/science/article/pii/S1877042810002107
https://www.engr.psu.edu/awe/misc/ARPs/ARP_SelfEfficacy_InfoSheet_122208.pdf


191 
 

Tilakaratne & Ekanayake (2017). Achievement level of student science process skills of 
junior secondary students: based on a sample of grade six and seven students 
from Sri lanka. International Journal of Environment & Science Education, 12(9): 
2089 – 2108. 

Turkoguz, Suat; & Cin, Merve.  (2014). Effects of Argumentation based Concept Cartoon 
Activities on Students’ Scientific Process Skills. Mersin University Journal of the 
Faculty of Education, 10(2): 142 – 156.   

Usher, Ellen L ; & Pajares, Frank.  (2009). Sources of Self-efficacy in Mathematics: A 
validation study. Contemporary Educational Psychology, 34 :  89–101. 

Uzuntiryjaki, Ezen; Capa-Aydin, Y.  (2009). Development and Validation of Chemistry Self-
efficacy Scale for College Students. Research in Science Education, 39: 539 – 551. 

Vaithyanathan, V; & Sivakumar, P.  (2013). Effectiveness of Cognitive Constructivist 
Approach In The Acquisition of Science Process Skills. International Journal of 
Innovative Research & Development, 2(1): 56 – 64.   

Virginia Kearton. (2011). Developing literacy skills within science lessons: what does 
research say? Retrieved May 5, 2018, from  
http://thescienceteacher.co.uk/reading-for-meaning-in-science/ 

Windschitl, M. (2002). Inquiry Projects in Science Teacher Education: What can investigative 
experiences reveal about teacher thinking and eventual classroom practice? 
Science Education, 87 (1): 112-143. 

Windschitl, Mark.  (2002). Inquiry Projects in Science Teacher Education: What can 
investigative experiences reveal about teacher thinking and eventual classroom 
practice? Science Education, 87(1): 112 – 143. 

Yadav, Badri; & Mishra, Shri Krishna.  (2013). A Study of the Impact of Laboratory Approach 
on Achievement and Process Skills in Science among IS Standard Students. 
International Journal of Scientific and Research Publications, 3(1): 1-6.  

Yager, Robert E.  (2002). Achieving the Visions of the National Science Education Standards. 
The Iowa Academy of Education Occasional Research Paper: 4.  



192 
 

Yvonne, Beaumont-Walters; & Kola, Soyibo.  (2001). An analysis of High School Students’ 
Performance on Five Integrated Science Process Skills. Research in Science & 
Technological Education, 19(2): 133 – 145.  

Zeidan, Afif Hafez; Jayosi, Majdi Rashed. (2015). Science Process Skills and Attitude toward 
Science among Palestinian Secondary School Students. World Journal of 
Education, 5(1): 13 – 24. 

Zimmerman, Barry J.  (2000). Self-efficacy: An essential motive to learn. Contemporary 
Education Psychology, 25: 82 – 91. 

Zohar,  Anat ; & Barzilai,  Sarit.  (2013). A Review of Research on Metacognition in Science 
Education: Current and future directions. Studies in Science Education, 49(2): 121 
– 169. 

 
 

 



193 
 

 
 
 
 
 
 
 
 
 
 

APPENDIX 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



194 
 

 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 
 

Lists of the experts 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



195 
 

The Lists of experts who evaluate the learning model and research instruments 
 

1. Associate Professor Dr. Chatree  Faikhamta 
Faculty of Education, Kasetsart University 

2. Associate Professor Dr. Poonsuk  U-dom 
Faculty of Education, Taksin University 

3. Mr. Wiroj  Luewkongsathaporn 
PISA Thailand, Institute for the Promotion of Teaching Science and Technology 

4. Acting Sub Lt. Dr. Manat  Boonprakorb 
Behavioral Science Research Institute, Srinakharinwirot University 

5. Assistant Professor Dr. Theerapong Saengpradit 
Faculty of Science, Srinakharinwirot University 

6. Assistant Professor Dr. Patcharee Rompayom Wichaidit 
Faculty of Science and Technology, Thepsatri Rajabhat University 

7. Assistant Professor Dr. Pattamaporn Pimthong 
Faculty of Education, Kasetsart University 

8. Assistant Professor Dr. Chaninan Pruekpramool 
Faculty of Science, Srinakharinwirot University 

9. Associate Professor Dr. Somsan Wong-Unoi 
Faculty of Education, Srinakharinwirot University 

10. Dr. Numtip  Ongardwanich 
Faculty of Education, Naresuan University 

11. Dr. Parinda Limpanont Promrat 
Faculty of Education, Chulalongkorn University 

12. Associate Professor Dr. Prasart Nuengchalerm 
Faculty of Education, Mahasarakham University 
 
 
 
 
 



196 
 

The lists of experts who participate as the investigator triangulation 
 

1. Dr.Khuanruethai Thiangchanthathip  
Srinagarindra the Princess Mother  School, Phayao Province 

2. Dr. Chuanpit Kanaphat  
Nachareon School, Ubonratchathani Province 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



197 
 

 
 
 
 
 
 
 
 
 
 

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  IOC Interpretation 

E1 E2 E3 
1.The metacognition strategy embedded   in 
learning inquiry model has the important features 
that reflects the infusing of inquiry learning and 
regulation of cognition 

1.00 1.00 0.00 0.67 consistency 

2.The metacognition strategy embedded   in 
learning inquiry model has the phase or learning 
processes that reflects the  infusing of inquiry 
learning and regulation  of cognition 

1.00 1.00 1.00 1.00 consistency 

3.The metacognition strategy embedded   in 
learning inquiry model has important features that 
could develop students’ science process skills 

1.00 0.00 1.00 0.67 consistency 

4.The metacognition strategy embedded   in 
learning inquiry model has the phase or learning 
processes that could enhance students’ science 
process skills 

1.00 1.00 1.00 1.00 consistency 

5.The metacognition strategy embedded   in 
learning inquiry model has important features that 
could enhance students’ science competencies 

0.00 1.00 1.00 0.67 consistency 
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TABLE B.1.1 (continued)  
 

 
List of Evaluation 

  
IOC 

 
Interpretation E1 E2 E3 

6.The metacognition strategy embedded   in 
learning inquiry model has the phase or learning 
processes that could enhance students’ science 
competencies 

0.00 1.00 1.00 0.67 consistency 

7.The metacognition strategy embedded   in 
learning inquiry model has important features that 
could adjust students’ self-efficacy in science 

0.00 1.00 1.00 0.67 consistency 

8.The metacognition strategy embedded   in 
learning inquiry model has phase or learning 
processes that could adjust students’ self-efficacy 
in science 

0.00 1.00 1.00 0.67 consistency 

9.The metacognition strategy embedded   in 
learning inquiry model has phase and continue 
clearly  

1.00 1.00 0.00 0.67 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 

  
IOC 

 
Interpretation E1 E2 E3 

1. The purposes and the roles of teacher and 
student in engagement-P-M-E is appropriate to 
adopt   

1.00 1.00 1.00 1.00 consistency 

2. The purposes and the roles of teacher and 
student in exploration-P-M-E is appropriate to 
adopt   

1.00 0.33 0.67 0.67 consistency 

3. The purposes and the roles of teacher and 
student in explanation-P-M-E is appropriate to 
adopt   
 

1.00 1.00 1.00 1.00 consistency 

4. The purposes and the roles of teacher and 
student in elaboration-P-M-E is appropriate to 
adopt   

1.00 1.00 1.00 1.00 consistency 

5. The purposes and the roles of teacher and 
student in evaluation phase is appropriate to 
adopt   

1.00 1.00 0.67 0.89 consistency 

 
* E1, E2, E3: The Experts 
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B.2  The results of evaluation of the lesson plans 
 

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           Scoring  
    Excellence   5 
    Good    4 
    Fair    3 
    Poor    2 
    Fail    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  
 

 
List of Evaluation 

Mean score of appropriateness level (n = 3) 

LP1 LP2 LP3 LP4 LP5 LP6 LP7 LP8 LP9 
1 The standard/ indicator/ 
objective of learning were 
defined to have all the 
learning behaviors in terms 
of affective, process, and 
perceiving science self-
efficacy   

3.67 4.33 4.33 4.00 4.33 4.33 4.33 4.67 4.6
7 

2 Had consistency between 
standard learning/ 
indicator/ content and 
learning activities 

4.00 4.67 4.67 4.33 4.33 4.33 4.00 4.00 4.3
3 
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TABLE B.2  (continued)  
          

List of Evaluation Mean score of appropriateness level (n = 3) 
LP1 LP2 LP3 LP4 LP5 LP6 LP7 LP8 LP9 

3 Learning activities 
was consistent with 
learning objectives 

4.33 4.33 4.33 4.33 4.33 4.33 3.67 3.67 4.00 

4 Learning activities in 
regulation of cognition 
(planning-monitoring-
evaluating) had 
consistency with the 
goal of engagement 
phase 

4.33 4.67 4.67 4.33 4.67 4.67 4.33 5.00 4.67 

5 Learning activities in 
regulation of cognition 
(planning-monitoring-
evaluating) had 
consistency with the 
goal of exploration 
phase 

4.67 4.67 4.67 4.67 5.00 5.00 3.67 4.67 4.33 

6 Learning activities in 
regulation of cognition 
(planning-monitoring-
evaluating) had 
consistency with the 
goal of explanation 
phase 

4.67 4.67 4.67 5.00 5.00 5.00 4.00 5.00 4.67 
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TABLE B.2  (continued)          

          
List of Evaluation Mean score of appropriateness level (n = 3) 

LP1 LP2 LP3 LP4 LP5 LP6 LP7 LP8 LP9 
7 Learning activities in 
regulation of cognition 
(planning-monitoring-
evaluating) had 
consistency with the 
goal of elaboration 
phase 
 

4.67 4.67 4.67 4.33 4.67 5.00 4.33 4.33 4.67 

8 Learning activities in 
regulation of cognition 
(planning-monitoring-
evaluating) had 
consistency with the 
goal of evaluate phase 

4.67 4.33 4.67 4.67 5.00 5.00 3.67 4.33 4.67 

9 The evaluation 
method had 
consistency with 
learning objectives 

3.33 3.67 3.67 3.33 4.00 4.00 4.00 4.00 4.33 

10 Instructional 
materials and learning 
resources have 
consistency with 
learning objectives 

4.67 4.67 4.67 4.67 4.33 4.33 5.00 5.00 5.00 

Mean score 4.30 4.47 4.50 4.37 4.57 4.60 4.10 4.47 4.53 
S.D. 0.48 0.32 0.32 0.46 0.35 0.38 0.42 0.48 0.28 
Interpretation Good Good Good Good Good Good Good Good 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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B.3  The results of evaluation of science process skills test 
 

 
Item 

 
IOC 

 
 p 

 
r 

 
Item 

 
IOC 

  
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. 
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B.4  The results of evaluation of science competencies test 
 
TABLE B.4.1 Multiple choice 
 

 
Item 

 
IOC 

 
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 
 

 
Item 

 
IOC 

 
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. 



208 
 

TABLE B.4.3  Writing  
 

 
Item 

 
IOC 

 
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 ()  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 
  

 
 

Item  

Evaluation by the experts 
 

E1 
 

E 2 
 

 
E 3 

 

 
IOC 

 

 
Interpretation 

1. ฉนัมัน่ใจวา่สามารถอธิบายปรากฏการณ์ตา่ง ๆ ที่
เกิดขึน้ในชัน้บรรยากาศแต 

1.00 1.00 1.00 1.00 consistency 

2. ฉนัไมส่ามารถอธิบายสาเหตทุีท่ าให้เกิดภาวะโลกร้อน
ได้ 

1.00 1.00 1.00 1.00 consistency 

3. ฉนัมัน่ใจวา่สามารถค านวณโจทย์ปัญหาเก่ียวกบัความ
ดนัอากาศ ความชืน้อากาศได้ถกูต้อง 

1.00 1.00 1.00 1.00 consistency 

4. ฉนัมัน่ใจวา่สามารถอธิบายสาเหตทุี่ท าให้อณุหภมูิ
ในช่วงเช้า กลางวนั และเย็นแตกตา่งกนัได้ 

1.00 1.00 1.00 1.00 consistency 

5. ฉนัมัน่ใจวา่สามารถบอกได้วา่การใช้รถที่มเีคร่ืองยนต์
ขนาดเลก็และใหญ่ สง่ผลตอ่การเกิดปรากฏการณ์เรือน
กระจกแตกตา่งกนัอยา่งไร 

1.00 1.00 1.00 1.00 consistency 

6. ฉนัมัน่ใจวา่สามารถเช่ือมโยงข้อมลูจากหลายแหลง่ 
เพื่ออธิบายปรากฏการณ์ทางลมฟ้าอากาศได้ถกูต้อง 

1.00 1.00 1.00 1.00 consistency 

7. ฉนัมัน่ใจวา่สามารถอธิบายปรากฏการณ์รูโหวโ่อโซน 
ฝนกรด ตอ่สิง่มีชีวิตและสิง่แวดล้อมได้ 

1.00 1.00 1.00 1.00 consistency 

8. ฉนัมัน่ใจวา่สามารถอธิบายหลกัการเกิดลมได้ถกูต้อง 1.00 1.00 1.00 1.00 consistency 
9. เมื่อฉนัเห็นเมฆปรากฏ ฉนัมัน่ใจวา่สามารถบอกได้วา่
เป็นเมฆก่อให้เกิดฝน 

1.00 1.00 1.00 1.00 consistency 

10. ฉนัมัน่ใจวา่สามารถอธิบายถงึสาเหตทุี่ท าให้เขตบาง
ขนุเทียนหรือพืน้ท่ีเรียบฝ่ังทะเล มีน า้ทะเลล า้เข้ามาผืนดิน
มากกวา่อดีต 

0.67 1.00 1.00 0.89 consistency 

11. ฉนัจะล้มเลกิการหาค าตอบ เมื่อพบวา่ต้องใช้
กระบวนการท่ียากหลายขัน้ตอนในการหาค าตอบนัน้ 

1.00 1.00 1.00 1.00 consistency 
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TABLE B.5 (continued)      

 
Item 

Evaluation by the experts 
E 1 

 
E 2 

 
E 3 

 
IOC 

 
Interpretation  

12. ฉนัมัน่ใจวา่สามารถออกแบบการทดลองใด ๆ ที่
เก่ียวกบัปรากฏการณ์ลมฟ้าอากาศ (เช่น ผลกระทบจาก
ฝนกรด) ได้ 

1.00 1.00 1.00 1.00 consistency 

13. ฉนัมัน่ใจวา่สามารถใช้ความรู้ทางวิทยาศาสตร์ที่เรียน
มา เสนอแนวทางแก้ไขที่หลากหลายเพื่อแก้ปัญหา
เก่ียวกบัลมฟ้าอากาศและสิง่แวดล้อม  

1.00 1.00 1.00 1.00 consistency 

14. เมื่อพบปัญหาวิทยาศาสตร์ใด ๆ เก่ียวกบับรรยากาศ 
ลมฟ้าอากาศ ฉนัมัน่ใจวา่สามารถสร้างสมมติฐานท่ี
น าไปสูก่ารทดลองตรวจสอบหาค าตอบได้  

1.00 1.00 1.00 1.00 consistency 

15. ไมว่า่ปัญหาใด ๆ ฉนัมัน่ใจวา่สามารถใช้ทกัษะ
กระบวนการทางวิทยาศาสตร์ที่เรียนมา สบืเสาะหา
ค าตอบปัญหาให้ส าเร็จได้ 

1.00 1.00 1.00 1.00 consistency 

16. เมื่อต้องออกแบบการทดลองด้วยตนเอง ฉนัมัน่ใจวา่
สามารถบอกขัน้ตอนและเหตผุลที่ต้องจดักระท าใน
ขัน้ตอนนัน้ ๆ ได้ 

1.00 1.00 1.00 1.00 consistency 

17. เมื่อต้องท าการทดลองเปรียบเทียบความสามารถใน
การดดูรังสคีวามร้อนของวสัด ุตา่ง ๆ บนโลก ฉนัมัน่ใจวา่
สามารถระบอุปุกรณ์เคร่ืองมือทีต้่องใช้ทัง้หมดได้ถกูต้อง 

0.67 1.00 1.00 0.89 consistency 

18. ฉนัไมม่ัน่ใจเก่ียวกบัวิธีการใช้เคร่ืองมืออปุกรณ์การ
ทดลองในห้องปฏิบตัิการ  

0.67 1.00 1.00 0.89 consistency 

19. เมื่อต้องท าการทดลองใด ๆ เช่น ฝนกรดและ
ผลกระทบของฝนกรด การดดูและคายความร้อนของสาร 
ฉนัมัน่ใจวา่สามารถระบขุ้อมลูทีต้่องเก็บรวบรวม เพื่อ
น ามาใช้เป็นหลกัฐานยืนยนัในการสรุปผล 

1.00 1.00 1.00 1.00 consistency 

20. ฉนัมัน่ใจวา่สามารถใช้ความมุง่มัน่พยายามท างาน
วิทยาศาสตร์ใด ๆ ให้ส าเร็จได้ 

1.00 1.00 1.00 1.00 consistency 

21. ถ้ามีการท าการทดลองเก่ียวกบัลมฟ้าอากาศทัง้แบบ
ยาก-ง่ายหลากหลายให้เลอืก   ฉนัมัน่ใจวา่จะเลอืกท าการ
ทดลองที่ยากท้าทายความสามารถตนเอง 

1.00 1.00 1.00 1.00 consistency 
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TABLE B.5 (continued) 

 
Item 

Evaluation by the experts 
E 1 

 
E 2 

 
E 3 

 
IOC 

 

Interpretation  

22. เมื่อมีนโยบายปรับผงัเมืองใหม ่จดัให้พืน้ท่ีสว่นใหญ่ปลกู
ต้นไม้สร้างสวนสาธารณะแทนการสร้างห้างสรรพสนิค้า ฉนัจะไม่
สนบัสนนุนโยบายนี ้

0.33 1.00 1.00 0.77 consistency 

23. ฉนัมัน่ใจวา่สามารถประเมินสาเหต/ุระบคุวามเป็นไปได้
เก่ียวกบัเหตกุารณ์ทางลมฟ้าอากาศ เช่น ฟ้าผา่ ได้จากข้อมลูที่
ปรากฏในขา่ว 

1.00 1.00 1.00 1.00 consistency 

24. ฉนัมัน่ใจวา่สามารถใช้ความรู้เร่ืองการเกิดลม ในการระบุ
ต าแหนง่ทีเ่หมาะสมในการตดิตัง้ประตหูรือหน้าตา่งเพื่อให้ลมพดั
ผา่นห้องได้สะดวก 

0.67 1.00 1.00 0.89 consistency 

25. เมื่อฟังขา่วพยากรณ์อากาศที่มีข้อมลูหยอ่มความกดอากาศ
สงูต ่าแล้ว ฉนัมัน่ใจวา่สามารถบอกเก่ียวกบัอณุหภมูใินพืน้ท่ี
ดงักลา่วได้ 

0.67 1.00 1.00 0.89 consistency 

26. ฉนัสามารถท าความเข้าใจขา่วหรือบทความเก่ียวกบัลมฟ้า
อากาศที่ปรากฏในสือ่ 
ตา่ง ๆ ได้ 

1.00 1.00 1.00 1.00 consistency 

27. ฉนัรู้วิธีการเตรียมตวัและปฏิบตัิตวั เมื่อร่างกายต้องอยูใ่นท่ี ๆ 
มีความดนัอากาศเปลีย่นไปจากเดิม เช่น เทือกเขา บนเคร่ืองบิน 
หรือหบุเขา 

1.00 1.00 1.00 1.00 consistency 

28. ฉนัมัน่ใจวา่สามารถน าความรู้เร่ือง การสะท้อนและดดูกลนื
รังสจีากดวงอาทติย์ของวสัด ุเป็นแนวทางในการตดัสนิใจเลอืก
ทาสบ้ีานเพื่อลดความร้อนของบ้านได้ 

0.67 1.00 1.00 0.89 consistency 

29. เมื่อฉนัฟังขา่วเก่ียวกบัลมมรสมุตะวนัออกเฉียงเหนือและ
มรสมุตะวนัตกเฉียงใต้พดัผา่นบริเวณที่ฉนัอาศยัอยู ่(กรุงเทพ) ฉนั
มัน่ใจวา่สามารถคาดการณ์สภาพอากาศที่จะเกิดขึน้ได้ 

1.00 1.00 1.00 1.00 consistency 

30. ฉนัมัน่ใจวา่สามารถใช้ทกัษะการสงัเกตและความรู้ที่เรียนแล้ว 
ท าความเข้าใจ กราฟ แผนภาพ หรือแหลง่ข้อมลูอื่นเก่ียวกบัลมฟ้า
อากาศหรือสิง่ที่พบเห็นในชีวิตประจ าวนัอื่น ๆ ได้ 

1.00 1.00 1.00 1.00 consistency 

31. จากข้อโต้แย้งวา่ “โรงไฟฟ้านวิเคลยีร์ในไทยเหมาะสมหรือไม่” 
ฉนัจะสนบัสนนุให้มีโรงไฟฟ้านิวเคลยีร์ เนื่องจากจะชว่ยลดภาวะ 

1.00 1.00 1.00 1.00 consistency 
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Reliability ()  is 0.91 
 

 
 
 

TABLE B.5 (continued) 
 

     

 
Item 

Evaluation by the experts 
E 1 

 
E 2 

 
E 3 

 
IOC 

 
Interpretation  

โลกร้อนได้      
32. ฉนัมัน่ใจว่าสามารถระบขุ้อมลูหลกัฐานท่ีใช้ยืนยนัว่า รถยนต์ท่ี
มากขึน้ส่งผลกระทบตอ่การเกิดภาวะโลกร้อนท่ีมากขึน้ได้ 

0.33 1.00 1.00 0.77 consistency 

33. ฉนัมัน่ใจว่าสามารถใช้ความรู้ท่ีเรียนมา เลอืกช่วงเวลาท่ีจะไป
เที่ยวทะเลฝ่ังอนัดามนัได้โดยไม่เจอลมมรสมุฝนตกได้ 

1.00 1.00 1.00 1.00 consistency 

34. เมื่อต้องโต้แย้งหรือสนบัสนนุประเด็นเกี่ยวกบัลมฟ้าอากาศของ
โลก ฉนัมัน่ใจว่าสามารถเลือกใช้ข้อมลูหลกัฐานมามาสนบัสนนุหรือ
โต้แย้งได้ 

1.00 1.00 1.00 1.00 consistency 

35. เมื่อเพือ่นน าเสนองานจบ ฉนัสามารถร่วมอภิปรายและ
เสนอแนะในประเด็นท่ีเพื่อนน าเสนอได้ 

1.00 1.00 1.00 1.00 consistency 

36. ฉนัสามารถพดูน าเสนอประเดน็ต่าง ๆ ตรงตามเป้าหมายท่ีฉนั
วางแผนไว้ ได้ครบประเด็น 

0.67 1.00 1.00 0.89 consistency 

37. เมื่อมีข้อมลูกราฟน าเสนอเกี่ยวกบัลมฟ้าอากาศ (แปรปรวน) ใน
ปัจจบุนั ฉนัมัน่ใจว่าสามารถอธิบายข้อมลูในกราฟนัน้ให้เพื่อนเข้าใจ
ได้ 

1.00 1.00 1.00 1.00 consistency 

38. ฉนัมัน่ใจว่าสามารถเขียนสื่อความบอกแนวคิดเกี่ยวกบั
บรรยากาศ ลมฟ้าอากาศท่ีเรียนแล้วได้ตรงตามท่ีฉนัคิดน าเสนอ 

1.00 1.00 1.00 1.00 consistency 

39. ฉนัมัน่ใจว่าสามารถเลอืกใช้วธีิการน าเสนอข้อมลูที่เหมาะสมกบั
เนือ้หาและเข้าใจง่ายได้ 

1.00 1.00 1.00 1.00 consistency 

40. เมื่อต้องอภิปรายหรือแสดงความคิดเห็นต่องาน ฉนัมัน่ใจว่า
สามารถน าเสนอได้โดยมีหลกัฐานและเหตผุลประกอบชดัเจน 

1.00 1.00 1.00 1.00 consistency 

41. ฉนัรู้สกึไม่สบายใจ หากต้องพดูหรืออธิบายสิ่งท่ีเกี่ยวข้องกบั
บรรยากาศ ลมฟ้าอากาศท่ีเรียนมาแล้วให้เพื่อนฟัง 

1.00 1.00 1.00 1.00 consistency 

 



213 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
 

Lesson plan 

 

 

 

 

  

 

 

 

 

 

 

 

 

 



214 
 

แผนการจัดการเรียนรู้ท่ี 2 
เร่ือง  ผลของรังสีจากดวงอาทิตย์ตอ่บรรยากาศ และอณุหภมูิอากาศ       จ านวน  2  ชัว่โมง 
หนว่ยการเรียนรู้ท่ี 1 บรรยากาศ           จ านวน 12 ชัว่โมง 
รายวิชา วิทยาศาสตร์พืน้ฐาน 2       ชัน้มธัยมศกึษาปีท่ี 1 
--------------------------------------------------------------------------------------------------------------------------- 
สาระการเรียนรู้/มาตรฐานการเรียนรู้ 
สาระท่ี 6 กระบวนการเปล่ียนแปลงของโลก 

มาตรฐาน ว 6.1  เข้าใจกระบวนการตา่งๆท่ีเกิดขึน้บนผิวโลกและภายในโลก ความสมัพนัธ์
ของกระบวนการตา่งๆท่ีมีผลตอ่การเปล่ียนแปลงภมูิอากาศ ภมูิประเทศ  และสณัฐานของโลก 
มีกระบวนการสืบเสาะหาความรู้และจิตวิทยาศาสตร์ ส่ือสารสิ่งท่ีเรียนรู้และน าความรู้ไปใช้
ประโยชน์ 

ตวัชีว้ดั  ม. ว 6.1  ม. 1/1 ทดลองและอธิบายความสมัพนัธ์ระหวา่งอณุหภมูิ ความชืน้ 
และความกดอากาศ ท่ีมีผลตอ่ปรากฏการณ์ทางลมฟ้าอากาศ 

สาระท่ี 8 ธรรมชาตขิองวิทยาศาสตร์และเทคโนโลยี 
มาตรฐาน ว 8.1  ใช้กระบวนการทางวิทยาศาสตร์และจิตวิทยาศาสตร์ในการสืบเสาะหา
ความรู้ การแก้ปัญหา รู้ว่าปรากฏการณ์ทางธรรมชาตท่ีิเกิดขึน้สว่นใหญ่มีรูปแบบท่ีแน่นอน 
สามารถอธิบายและตรวจสอบได้ ภายใต้ข้อมลูและเคร่ืองมือท่ีมีอยูใ่นชว่งเวลานัน้ๆ เข้าใจวา่
วิทยาศาสตร์ เทคโนโลยี สงัคม และสิ่งแวดล้อม มีความเก่ียวข้องสมัพนัธ์กนั 

ตวัชีว้ดั  ม. ว 8.1 ม. 1/1 ตัง้ค าถามท่ีก าหนดประเดน็หรือตวัแปรท่ีส าคญัในการ
ส ารวจตรวจสอบหรือศกึษาค้นคว้าเร่ืองท่ีสนใจได้อยา่งครอบคลมุและเช่ือถือได้ 

ตวัชีว้ดั  ม. ว 8.1 ม. 1/2 สร้างสมมตฐิานท่ีสามารถตรวจสอบได้ และวางแผนการ
ส ารวจตรวจสอบหลาย ๆ วิธี 

ตวัชีว้ดั  ม. ว 8.1 ม. 1/4 รวบรวมข้อมลู จดักระท าข้อมลูเชิงปริมาณและเชิงคณุภาพ 
ตวัชีว้ดั ม. ว 8.1 ม. 1/6 วิเคราะห์และประเมินความสอดคล้องของประจกัษ์พยานกบั

ข้อสรุป ทัง้ท่ีสนบัสนนุหรือขดัแย้งกบัสมมตฐิานและความผิดปกตขิองข้อมลูจากการส ารวจ
ตรวจสอบ 

 
สาระส าคัญ 

อณุหภมูิ ความชืน้ และความกดอากาศ มีผลตอ่ปรากฏการณ์ทางลมฟ้าอากาศ อณุหภมูิของ
อากาศบนโลกในแตล่ะท่ีมีอณุหภมูิไมเ่ทา่กนั เน่ืองจากโลกกลม จงึท าให้พืน้ผิวโลกได้รับพลงังานจาก
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ดวงอาทิตย์ได้ไมเ่ทา่กนั นอกจากนี ้แตล่ะพืน้ท่ีของพืน้ผิวโลกจะสะท้อนและดดูกลืนพลงังานจากดวง
อาทิตย์ได้แตกตา่งกนั จงึท าให้อณุหภมูิอากาศแตล่ะพืน้ท่ีไมเ่ทา่กนั 
 
จุดประสงค์การเรียนรู้   เม่ือเรียนจบหวัข้อนีแ้ล้ว นกัเรียนควรจะสามารถ 
ดา้นเนื้อหา 

1. อา่น วิเคราะห์ และแปลความข้อมลูจากแผนภาพการสะท้อนและดดูกลืนรังสีจากดวง
อาทิตย์ท่ีแผม่ายงัโลก ในหนงัสือเรียน 

2. ทดลอง รวบรวมข้อมลู และอธิบายปริมาณการดดูกลืนรังสีจากดวงอาทิตย์และการคาย
ความร้อนของสิ่งตา่งๆบนพืน้ผิวโลกท่ีมีลกัษณะตา่งกนั 

3. อภิปรายและอธิบายผลของรังสีจากดวงอาทิตย์ท่ีมีตอ่อณุหภมูิอากาศท่ีพืน้ผิวโลก 
ดา้นทกัษะกระบวนการ 

1. ออกแบบการทดลอง เพื่อทดสอบการดดูกลืนรังสีความร้อนจากดวงอาทิตย์ และคาย
พลงังานความร้อนของดนิ น า้ และทราย 

2. ระบตุวัแปรท่ีเก่ียวข้องกบัการทดลองได้ 
3. เขียนกราฟแสดงความสมัพนัธ์ระหวา่งอณุหภมูิกบัเวลาของการดดูกลืนรังสีความร้อนจาก

ดวงอาทิตย์ และคายพลงังานความร้อนของดนิ น า้ และทราย 
ดา้นการรับรู้ความสามารถทางวิทยาศาสตร์ 

1. ระบคุวามสามารถของตนผา่นการประเมินตนเอง การอภิปราย และค าชมเชยแนะน าจาก
เพ่ือนและครู 

 
กิจกรรมการเรียนรู้ 
1.ข้ันสร้างความสนใจ (Engage: planning* – monitoring** - evaluating***) 
 
 
 
 
 
 
 
 
      ทีม่า: http://www.newtv.co.th/news/6946 

http://www.newtv.co.th/news/6946
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1.1 ครูแสดงภาพต ารวจท่ีนัง่พบัเพียบท่ีพืน้ถนนแล้วมีแผลพพุองท่ีหวัเขา่  แล้วให้นกัเรียนตัง้ค าถามท่ี
เก่ียวข้องจากภาพ  

- ท าไมหวัเขา่จงึพพุอง ได้รับความร้อนมาจากไหน ?” (พืน้ถนนร้อน) 
- พืน้ถนนได้รับความร้อนมาจากไหน  (ดวงอาทิตย์) 
- แล้วความร้อนสะสมอยูใ่นโลกได้อย่างไร ?”  (สิ่งตา่ง ๆ บนโลก เชน่ พืน้ผิวโลก ดนิ น า้ ตกึ   
อาคาร แก๊สตา่ง ๆ  ในอากาศ ดดูความร้อนจากดวงอาทิตย์เก็บสะสมเอาไว้) 

- ทราบได้อยา่งไร  (เวลาเดนิเท้าเปลา่บนพืน้ปนูกลางแจ้ง แล้วรู้สกึร้อนท่ีฝ่าเท้า แตถ้่าเดนิ
ชว่งเวลาท่ีไมมี่แสงแดดกลบัไมรู้่สกึร้อน) 

- แล้วชว่งมีแสงเหมือนกนั ถ้าให้เลือกนัง่ได้ จะเลือกนัง่บริเวณไหน?  ท าไม?  
- นกัเรียนกลา่วถึง ประเดน็ความสามารถในการดดูกลืนความร้อนจากดวงอาทิตย์ของพืน้ผิว 
ดดูกลืนได้เหมือนหรือตา่งกนั?  จะทราบได้อย่างไร?  จงตัง้ค าถามท่ีสามารถตรวจสอบได้” 

วางแผน 
planning 

P1-ครูแสดงข้อความ...  ตัง้ค าถามทีส่ามารถตรวจสอบได้ ว่าพืน้ผิวแต่ละชนิดดูดกลืน
ความร้อนจากดวงอาทิตย์ต่างกนัจริงหรือไม่?   ผา่นจอโปรเจคเตอร์ 
 
P2-ครูยกตวัอยา่ง ค าถามท่ีตรวจสอบได้ และค าถามท่ีตรวจสอบไมไ่ด้ เป็นแนวทางให้
นกัเรียน (กรณีคาบแรกของการเรียน: เรียนรู้ค าถามท่ีตรวจสอบได้ โดยคละค าถาม 
แล้วให้นกัเรียนจดัหมวดหมู่ค าถาม แล้วเฉลย จากนัน้ให้นกัเรียนพิจารณาค าถามท่ี
จ าแนกกลุม่ออกแล้วนัน้ ลงข้อสรุปว่าค าถามท่ีตรวจสอบได้ มีอะไรท่ีเหมือนกนั 
องค์ประกอบส าคญัคืออะไร) 
  
P3-จากประเดน็ในขัน้กระตุ้นความสนใจ นกัเรียนแตล่ะกลุม่ยอ่ยร่วมกนัตัง้ค าถามท่ี
ตรวจสอบได้ (Testable question) แล้วเขียนในส่วนวางแผนและคาดเดา ด้านซ้ายของ
ใบงานท่ี 1 เร่ือง รังสีจากดวงอาทิตย์ ซึง่มีรูปแบบเป็น Interactive student notebook 
(ISNs)  
โดยเตือนตวัเองด้วย 4 ค าถาม ได้แก่ อะไรท่ีรู้แล้ว อะไรท่ีไมรู้่ อะไรท่ีต้องรู้เพิ่ม  จะท า
อยา่งไร 
     -อะไรท่ีรู้แล้ว (รู้ว่าจะทดสอบอะไรหรือยงั? --- > ตวัแปรต้นในค าถามท่ีตรวจสอบ
ได้) 
     -อะไรท่ียงัไมรู้่ (รู้วา่ต้องการดอูะไรหรือยงั? --- > ตวัแปรตามในค าถามท่ีตรวจสอบ
ได้) 
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2. ข้ันส ารวจและค้นหา (Explore : planning* – monitoring** - evaluating***) 
2.1 นกัเรียนแตล่ะกลุม่ทบทวนค าถามท่ีสร้างขึน้ “พืน้ผิวของสารแต่ละชนิดมีความสามารถในการ
ดูดกลืนความร้อนไดแ้ตกต่างกนัหรือไม่”    แล้วเขียนลงในใบงานท่ี 2 ซึง่มีรูปแบบเป็น Interactive 
student notebook (ISNs)  
2.2 นกัเรียนอภิปรายร่วมกบัครูเพ่ือวางแผนคร่าว ๆ เก่ียวกบัการด าเนินการทดลองในแง่วิธีการ 
เคร่ืองมืออปุกรณ์ท่ีต้องใช้ การวดั ระยะเวลาในการทดลอง การก าหนดและควบคมุตวัแปร และสิ่งท่ีจะ
ได้จากการทดลอง รวมทัง้คาดเดาผลท่ีจะเกิดขึน้จากการทดลอง 

     -อะไรท่ีต้องรู้เพิ่ม (มีอะไรท่ีต้องรู้หรือระมดัระวงัในการตัง้ค าถามท่ีตรวจสอบได้) 
     -จะท าอยา่งไร (จะประกอบเป็นค าถามอยา่งไรจงึจะน าไปสูก่ารทดลองได้ / จะ
ตรวจสอบว่าเป็นค าถามท่ีตรวจสอบได้ (Testable question) อยา่งไร ใครช่วย
ตรวจสอบได้) 
 

ตรวจสอบ 
monitoring 
 

M1-นกัเรียนตรวจสอบค าถามท่ีตรวจสอบได้ ( Testable question) ท่ีเขียนผา่นการตัง้
ค าถามถามตนเองและสมาชิกในกลุม่/ห้อง การรวบรวมและเปรียบเทียบข้อมลูจากการ
น าเสนอของเพ่ือนแตล่ะกลุม่  
 
M2-ครูแสดงรายการตรวจสอบ (Checklist) การตัง้ค าถามท่ีตรวจสอบได้และเขียน
ค าถามท่ีนกัเรียนเสนอบนกระดาน เพ่ือให้นกัเรียนเห็นมมุมองท่ีหลากหลาย  
 
M3-นกัเรียนร่วมกนับอกจดุร่วม/ลกัษณะส าคญัของค าถามท่ีตรวจสอบได้ แล้วลอง
เช่ือมโยงหลกัในการตัง้ค าถามท่ีตรวจสอบได้กบัข้อค าถามท่ีกลุม่ตัง้ขึน้ เพ่ือดวู่า
สอดคล้องหรือไม ่ต้องแก้ไขอะไร  
 

ประเมิน 
evaluating 
 

E1-นกัเรียนได้ประเมินตนเอง ผา่นการอภิปรายในขัน้ตรวจสอบแล้วเปรียบเทียบ-
พิจารณาตดัสินจนได้ค าถามท่ีตรวจสอบได้ครบถ้วนตามหลกัเกณฑ์ ตามเป้าหมายท่ี
ต้องการ แล้วเขียนในสว่นการทดลอง ด้านขวาของใบงานข้อท่ี 2 ในใบงานท่ี 1 เร่ือง 
รังสีจากดวงอาทิตย์  ซึง่อาจได้ค าถาม ดงันี ้
“พืน้ผิวแต่ละชนิดมีความสามารถในการดูดกลืนความร้อนไดแ้ตกต่างกนัหรือไม่”  
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วางแผน 
planning 

P1-ครูแสดงข้อความ...  หาหลกัฐานทีบ่อกว่าพืน้ผิวแต่ละชนิดดูดกลืนความร้อนได้
แตกต่างกนั ? ผา่นจอโปรเจคเตอร์หรือป้ายแสดงข้อความให้นกัเรียนเห็นก่อนเร่ิมคิด
วางแผน/ระดมความคิด วางแผนเพื่อให้ได้ค าตอบมา  
 
P2-นกัเรียนแตล่ะกลุม่ย่อยร่วมกนัคิด วิธีการท่ีจะน าไปสู่การได้หลกัฐานมาตอบค าถาม
ท่ีตัง้ขึน้ “พืน้ผิวของสารแต่ละชนิดมีความสามารถในการดูดกลืนความร้อนไดแ้ตกต่าง
กนัหรือไม่”  โดยเตือนตวัเองด้วย 4 ค าถามหลกั ได้แก่  
       -อะไรท่ีรู้แล้ว ------ > พืน้ผิวชนิดตา่ง ๆ 
       -อะไรท่ีไมรู้่  ------ > ความสามารถในการดดูกลืนความร้อน 
       -อะไรท่ีต้องรู้เพิ่ม  จะท าอยา่งไร  ------ > เชน่  จะใช้พืน้ผิวอะไรมาทดสอบ
เปรียบเทียบบ้าง   ใช้อะไรแทนความร้อนจากดวงอาทิตย์ 
       -สมาชิกในกลุม่เคยมีประสบการณ์เก่ียวกบัการดดูกลืนความร้อนไหม 
       -จะวดัอะไรจากการทดลองนี ้  ใช้เคร่ืองมือใดวดั 
       -หลกัฐานท่ีบง่บอกวา่สารใดดดูกลืนความร้อนมาก-น้อย  คืออะไร 
       -จะใช้เวลาทดลองนานเทา่ไหร่  ท าการวดัก่ีครัง้ 
       -ต้องระมดัระวงัเร่ืองใดเป็นพิเศษ เพ่ือให้การทดลองเปรียบเทียบนา่เช่ือถือ ไมมี่
อคติ 
       -ภาพการทดลองคร่าว ๆ เป็นอยา่งไร แบง่หน้าท่ีรับผิดชอบ 
       -คาดเดาวา่ผลการทดลองจะเป็นอยา่งไร 
 
P3-นกัเรียนเขียนการวางแผน ลงด้านซ้ายของในใบงานซึ่งเป็น Interactive student 
notebook (ISNs)  

ตรวจสอบ 
monitoring 
 

M1-นกัเรียนตรวจสอบสิ่งท่ีคิดท่ีเขียนไปแล้วในใบงานด้านซ้ายและตรวจสอบผลการ
ทดลองท่ีเกิดขึน้วา่มีความเป็นไปได้หรือมีข้อมลูท่ีอาจคลาดเคล่ือนหรือผิดปกตหิรือไม ่  
      -หลกัฐานท่ีต้องการคืออะไร 
      -ได้ข้อมลูหลกัฐานตามต้องการหรือยงั  
      -ตรวจสอบการจดัวางการทดลอง  การอา่นคา่จากการวดั (ดงัภาพด้านล่าง) 
      -พบสิ่งท่ีท าให้ข้อมลูคลาดเคล่ือนหรือไม ่เพราะเหตใุดจงึเป็นเชน่นัน้  จะแก้ไข
อยา่งไร 
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ข้ันอธิบายและลงข้อสรุป (Explain : planning* – monitoring** - evaluating***) 
3.1 นกัเรียนและครูร่วมกนัอภิปรายและสรุปผลการทดลอง มีครูตัง้ค าถามเพ่ือน าไปสู่การลงข้อสรุป
ดงันี ้

- จากการทดลอง นกัเรียนทราบวา่ดนิร่วน ทราย และน า้มีการดดูกลืนความร้อนได้มากหรือ
น้อย  สามารถสงัเกตได้จากสิ่งใด?   (อณุหภมูิท่ีเพิ่มขึน้จากเดมิ) 
- การดดูกลืนความร้อนของสารทัง้สามชนิดเท่ากนัหรือไม ่อยา่งไร?                                             
(ไมเ่ทา่กนั ทรายดดูกลืนความร้อนได้มากท่ีสดุเพราะมีอณุหภมูิตา่งจากเดมิมากท่ีสดุ)  
รองลงมาคือ ดิน ร่วน และน า้ดดูกลืนความร้อนได้น้อยท่ีสดุ) 

 
3.2 นกัเรียนด าเนินการผา่นกระบวนการควบคมุตนเอง เพือสร้างค าอธิบายและลงข้อสรุป ตลอดจน
วางแผนเขียนน าเสนอข้อมลูในรูปกราฟ 

 
 
 
 
 
 
 
 ท่ีมา: https://www.ucar.edu/learn/1_1_2_5t.htm 

ประเมิน 
evaluating 
 

E1-นกัเรียนประเมินวา่ได้ข้อมลูตามท่ีวางแผนไว้ครบหรือไม่ โดยการพดูคยุกบัเพ่ือนใน
กลุม่และเพื่อนตา่งกลุม่ พร้อมทัง้เปรียบเทียบแนวโน้มของข้อมลูกับเพ่ือนตา่งกลุม่  
อภิปราย พิจารณาตดัสินจนมัน่ใจวา่หลกัฐานท่ีได้ตอบเป้าหมายท่ีต้องการ 
 
E2-นกัเรียนประเมินผลการด าเนินการทดลอง มีอะไรต้องแก้ไข มีอะไรท่ีอยากศกึษาตอ่
ยอด แล้วเขียนในใบงานซึง่เป็น Interactive student notebook (ISNs)  

วางแผน 
planning 

P1-นกัเรียนวางแผนเขียนเรียบเรียงข้อสรุป โดยย้อนกลบัไปดท่ีูวตัถปุระสงค์/เป้าหมาย 
ของการทดลองนี ้เพ่ือให้สามารถระบหุลกัฐานประจกัษ์พยานอ้างอิงชดัเจน
ประกอบการเขียนสรุปผล  
     -เป้าหมาย 

https://www.ucar.edu/learn/1_1_2_5t.htm
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3.3 หลงัจากประเมินการเขียนอธิบาย นกัเรียนควรได้สาระส าคญัจากการทดลอง และน าเสนอว่า..  
“หลอดไฟแผ่รังสีมาถึงภาชนะแต่ละใบเท่ากนั เนื่องจากวางอยู่บริเวณเดียวกนั แต่ในเวลาทีร่ับรังสีจาก
ดวงอาทิตย์เท่ากนัคือ  15  นาที พบว่า ดิน ทราย และน ้าดูดกลืนและเปลี่ยนรังสีดวงอาทิตย์เป็น
พลงังานความร้อนไดแ้ตกต่างกนั ซ่ึงสงัเกตไดจ้ากอณุหภูมิทีเ่ปลีย่นไป กล่าวคือ ทรายมีอณุหภูมิ
เปลีย่นไปมากทีส่ดุ และน ้ามีอณุหภูมิเปลีย่นไปนอ้ยทีส่ดุ ดงันัน้ เรียงล าดบัความสามารถในการ
ดูดกลืนรังสีจากดวงอาทิตย์ได ้ดงันี ้ทราย > ดินร่วน > น ้า” 
 
3.4 ครูใช้ค าถามเพิ่มเตมิ   

     -สิ่งท่ีด าเนินการทดลอง 
     -ผลลพัธ์/หลกัฐานท่ีได้ 
     -ตีความจากหลกัฐานท่ีพบ 
P2-ครูแสดงข้อความ...  หลกัฐานทีบ่่งบอกสารดูดกลืนความร้อนไดแ้ตกต่างกนั ?  ผา่น
จอโปรเจคเตอร์หรือป้ายแสดงข้อความให้นกัเรียนเห็นก่อนเร่ิมคดิวางแผน/ระดม
ความคดิ เขียนเรียบเรียงข้อสรุป  พร้อมชีแ้นะการเขียนอธิบายค าตอบเป็นความเรียง
ออกมา ควรประกอบด้วยประเดน็ตอ่ไปนี ้ 
    - เป้าหมายของข้อค าถามนี ้คืออะไร?    
    - ค าถามท่ีตรวจสอบได้? 
    - สิ่งท่ีด าเนินการทดลอง?        
    - ผลลพัธ์/หลกัฐานท่ีได้?    
    - การตีความจากหลกัฐานท่ีพบ? 

ตรวจสอบ 
monitoring 
 

M1-นกัเรียนตรวจสอบสิ่งท่ีเขียนสรุป ผา่นการตัง้ค าถามถามตนเองหรือท าเช็คลิสต์  
หรือเทียบกบัสมาชิกในกลุม่ และการน าเสนอของเพ่ือนท่ีถกูสุม่ให้น าเสนอ  
    -การสรุปท่ีเขียนขึน้ มีความสอดคล้องกบัเป้าหมายท่ีตัง้ไว้หรือไม่ 
    -เตมิข้อมลูในกราฟครบถ้วนแล้วหรือยงั 
 

ประเมิน 
evaluating 
 

E1-นกัเรียนได้ประเมินตนเอง ผา่นการอภิปรายเพ่ือน  
   -เห็นด้วยกบัสิ่งท่ีเพ่ือนสรุปหรือไม่ อยา่งไร 
   -มีสว่นใด ประเดน็ใดท่ีต้องแก้ไข ปรับเปล่ียน 
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-ถ้าต ารวจทา่นนัน้ต้องนัง่เช่นเดมิ เพื่อไมใ่ห้ต ารวจคนนัน้ได้รับความร้อนจากพืน้ถนน นกัเรียน
จะชว่ยแก้ไขด้วยวิธีการใด (ใช้วตัถท่ีุเป็นฉนวนความร้อนรองก่อนนัง่/ ใสก่างเกงหนา ๆ ) 

-นกัเรียนคดิวา่อณุหภมูิอากาศบริเวณท่ีต ารวจนัง่กลางแจ้ง กบัอณุหภมูิอากาศบริเวณริมถนน
ท่ีมีร่มเงาจากต้นไม้ มีอณุหภูมิอากาศเทา่กนัหรือไม ่(ไมเ่ทา่กนั) 

-นกัเรียนคดิวา่การดดูกลืนความร้อนของสิ่งตา่งๆท่ีกลา่วมา สง่ผลตอ่อณุหภมูิของอากาศ
บริเวณรอบ ๆ หรือไม ่อย่างไร   (น่าจะสง่ผลตอ่อณุหภมูิรอบ ๆ เพราะคายความร้อนให้บริเวณรอบ ๆ ) 
 
3.5 ครูตัง้ข้อสงัเกตจากภาพแอฟพลิเคชนับนโทรศพัท์มือถือ (Application) แสดงอณุหภมูิในหนึง่วนั 
วา่ 
      -   ท าไมอณุหภมูิในช่วงเย็นถึงคอ่ยๆลดลง แทนท่ีจะคงท่ีเทา่เดมิกบัตอนท่ีมีรังสีจากดวงอาทิตย์  
เพราะเหตใุดอณุหภมูิกลบัคอ่ยๆลดลง  (เพราะพืน้ผิวโลกมีการคายความร้อนด้วย) 
 
3.6 ครูอธิบายเพิ่มเตมิวา่  
“ดวงอาทิตย์แผรั่งสีมายงัโลก รังสีบางสว่นจะมีการสะท้อนกลบัสู่อวกาศ บางสว่นถกูดดูกลืนโดยแก๊ส
ตา่งๆในบรรยากาศ เมฆ และสว่นท่ีเหลือจะลงมาถึงบริเวณผิวโลก และบริเวณพืน้ผิวโลก ได้แก่ ต้นไม้ 
สิ่งก่อสร้าง พืน้ดนิ พืน้น า้ ภเูขา จะมีการดดูกลืนรังสีจากดวงอาทิตย์และมีการคายความร้อนให้กบั
พืน้ผิวโลก” 
 
3.7 นกัเรียนอ่าน วิเคราะห์ และแปลความข้อมลูจากแผนภาพการสะท้อนและดดูกลืนรังสีจากดวง
อาทิตย์ท่ีแผม่ายงัโลก ในหนงัสือเรียน ครูใช้ค าถาม นกัเรียนคิดวา่การคายความร้อนของสิ่งตา่งๆท่ี
กลา่วมา เหมือนหรือตา่งกนั?  (ตา่งกนั)  
จะทราบได้อยา่งไร? 
 
ข้ันขยายความรู้ (Elaborate : planning* – monitoring** - evaluating***) 
4.1 นกัเรียนด าเนินกิจกรรมขัน้นี ้ลงในใบงานท่ี 2  การดดูและคายความร้อนจากดวงอาทิตย์ขอพืน้ผ 
บนโลกเพ่ือสามารถออกแบบการทดลองได้ โดยประยกุต์ใช้กระบวนการส ารวจตรวจสอบท่ีได้เรียน
มาแล้วใน 3 ขัน้ตอน เม่ือจบกิจกรรมขัน้นี ้นกัเรียนต้องสามารถตัง้ค าถามท่ีส ารวจตรวจสอบได้ 
ออกแบบการทดลองเพ่ือได้หลกัฐานเชิงประจกัษ์ได้ อธิบายเก่ียวกบัหลกัฐานท่ีได้จากการทดลองได้  
ส่ือสารและตดัสินข้อมลูได้  ด้วยค าถาม 3 ข้อ (โดยออกแบบและคาดการณ์ผลการทดลอง  ไม่ได้
ด าเนินการทดลองจริง  ข้อ 1  และตอบค าถามดว้ยการเรียบเรียงอธิบาย  ข้อ 2) 
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 4.2 นกัเรียนใช้หลกัการ ตอ่ไปนีใ้นการด าเนินการหาตอบของทัง้ 3 ค าถาม 
- วางแผน(อะไรรู้แล้ว อะไรท่ีไมรู้่ อะไรท่ีต้องรู้เพิ่ม  จะท าอยา่งไร)  
- ตรวจสอบ 
- ประเมินผล  
 
ข้อ 1 การคายความร้อนของดินร่วน ทราย และน ้า เหมือนหรือต่างกนั อย่างไร                                 
ข้อ 2 พืน้ทีที่มี่ป่าและพืน้ทีที่่ป่าไม้ถูกท าลาย ส่งผลให้บริเวณรอบ ๆ มีอณุหภูมิเหมือนหรือต่างกนั 
อย่างไร  

วางแผน 
planning 

P1-นกัเรียนพิจารณาค าถาม  แล้วตัง้ค าถามท่ีตรวจสอบได้ (Testable question) 
และวางแผนการทดลอง เพื่อให้สามารถระบหุลกัฐานประจกัษ์พยานอ้างอิงชดัเจนได้ 
P2-ครูแสดงข้อความ...  หลกัฐานส าคญัทีต่้องใช้ในการตอบค าถามนี?้   ผา่นจอภาพ
หรือป้ายแสดงข้อความให้นกัเรียนเห็นก่อนเร่ิมคดิวางแผน/ระดมความคดิ  
-นกัเรียนเขียนวางแผนรายละเอียดขัน้ตอนด าเนินการ โดยก าหนดประเดน็ เหลา่นี ้
 - เป้าหมายของข้อค าถามนี ้คืออะไร?    
 - สิ่งท่ีด าเนินการทดลอง?        
 - ผลลพัธ์/หลกัฐานท่ีได้?    
 - การตีความจากหลกัฐานท่ีพบ? 
 - มีสิ่งท่ีเป็นข้อจ ากดัหรือไม ่จะแก้ไขอยา่งไร? 

ตรวจสอบ 
monitoring 
 

M1-นกัเรียนตรวจสอบสิ่งท่ีเขียน ผา่นการอภิปรายกลุม่หรือท าการตรวจสอบรายการ 
(Checklist) จากท่ีวางแผนไว้  เพ่ือให้ครบถ้วนและป้องกนัการคลาดเคล่ือนของข้อมลู  

ประเมิน 
evaluating 
 

E1-นกัเรียนเขียนการด าเนินการท่ีจะตอบค าถามข้อท่ีเลือกท านัน้  โดยในการเขียน
ต้องประกอบด้วย   
 - เป้าหมายของข้อค าถามนี ้คืออะไร?    
 - ค าถามท่ีตรวจสอบได้? 
 - สิ่งท่ีด าเนินการทดลอง?        
 - ผลลพัธ์/หลกัฐานท่ีได้?    
 - การตีความจากหลกัฐานท่ีพบ? 
 
E2-ครูหรือเพ่ือนตา่งกลุม่ประเมินความถกูต้องในค าตอบท่ีเขียน  เห็นด้วยกบัสิ่งท่ี
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เนือ้หาท่ีนกัเรียนควรจะได้รับ/เรียนรู้ หลงัจากท าใบงานท่ี 3 ในสว่นของการออกแบบการทดลอง มีดงันี ้
 “เนือ่งจากวางอยู่บริเวณเดียวกนั และใช้เวลาในการคายความร้อนเท่ากนัคือ  15  นาที พบว่า 
ดิน ทราย และน ้า คายความร้อนไดแ้ตกต่างกนั ซ่ึงสงัเกตไดจ้ากอณุหภูมิทีเ่ปลีย่นไป กล่าวคือ ทรายมี
อณุหภูมิลดลงมากทีส่ดุ และน ้ามีอณุหภูมิลดลงน้อยทีส่ดุ ดงันัน้ เรียงล าดบัความสามารถในการคาย
ความร้อนได ้ดงันี ้ทราย > ดินร่วน > น ้า 
ดงันัน้ พืน้ผิวโลกทีมี่ลกัษณะแตกต่างกนั เช่น บริเวณทีมี่แหล่งน ้า มีต้นไม้ พืน้ดิน พืน้ทราย/บริเวณ
ทะเลทรายแหง้แลง้ ก็จะมีการดูดกลืนเพือ่สะสมพลงังานความร้อนไดแ้ตกต่างกนั ขณะเดียวกนัการ
คายความร้อนออกมาก็เกิดได้ต่างกนัด้วย จึงท าใหอ้ณุหภูมิอากาศบริเวณเหนือพืน้ผิวดงักล่าวในเวลา
กลางวนัและกลางคืน ในแต่ละพืน้ทีมี่ความแตกต่างกนัด้วย” 
 
 
ขัน้ประเมินผล (Evaluate) 

1. นกัเรียนตรวจสอบความรู้ตนเองผา่นหวัข้อ “สรุปสาระส าคญั วนันีไ้ด้เรียนรู้อะไร” 
2. นกัเรียนตอบค าถามว่า “ผลของรังสีจากดวงอาทิตย์  สามารถน าไปใช้ประโยชน์ มีความ

เก่ียวข้องหรือมีผลกระทบในระดบับคุคล ชมุชน สงัคม ประเทศ โลกอยา่งไร?”  
 
การประเมินผล 
การตอบค าถาม / การร่วมท ากิจกรรม การท าใบงานตา่ง ๆ การ สรุปสาระส าคญั วนันีไ้ด้เรียนรู้อะไร
การเขียนอนทุิน(Journal) 
สิ่งท่ีต้องการวดั วิธีการ เคร่ืองมือ เกณฑ์การประเมิน 
อา่น วิเคราะห์ และแปลความข้อมลู
จากแผนภาพการสะท้อนและดดูกลืน
รังสีจากดวงอาทิตย์ท่ีแผม่ายงัโลก ใน
หนงัสือเรียน 
 
ทดลอง รวบรวมข้อมลู และอธิบาย

สงัเกต 
 
 
 
 
ตรวจจากใบงาน 

ภาพใน Power 
point 
 
 
 
แบบประเมินการ

ตีความกราฟได้ 
 
 
 
 

ได้คะแนนร้อยละ 

นกัเรียนเขียนสรุปตอบหรือไม่ อยา่งไร 
-มีสว่นใด ประเด็นใดท่ีต้องแก้ไข ปรับเปล่ียนเพิ่มเตมิ 
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ปริมาณการดดูกลืนรังสีจากดวง
อาทิตย์และการคายความร้อนของสิ่ง
ตา่ง ๆ บนพืน้ผิวโลกท่ีมีลกัษณะตา่งกนั 
 
อภิปรายและอธิบายผลของรังสีจาก
ดวงอาทิตย์ท่ีมีตอ่อณุหภมูิอากาศท่ี
พืน้ผิวโลก 
 
 

/การถามตอบ
อธิบายแผนภาพ 
 
 
สงัเกตจากการ  
มีสว่นร่วม 
 

ให้คะแนน 
 
 

60 ขึน้ไป 
 
 
 

การสรุป
สาระส าคญั 

สงัเกตสิ่งท่ีก าหนดให้ แล้วระบปุระเด็น
ส าคญัจากสิ่งท่ีสงัเกตได้ 
 
ใช้ทกัษะการรทดลอง ทกัษะ
ตีความหมายข้อมลู ทกัษะการส่ือสาร 
ในการท าความเข้าใจข้อมลูและ
น าเสนอข้อมลู 

การสงัเกต 
 
/การถามตอบ
อธิบายแผนภาพ 
 

แบบสงัเกต 
 
 
แบบสงัเกต 

ได้คะแนน 3 ใน 5 

 
 
ได้คะแนน 3 ใน 5 

ระบรุะดบัความสามารถทาง
วิทยาศาสตร์ของตนเอง จากการ
ประเมินตนเอง การรับฟังค าชมเชย
แนะน าจากเพ่ือนและครู 

การระบุ
ความสามารถ
ตนเองของ
นกัเรียน 

แบบประเมิน
ตนเอง  ความรู้
ความเข้าใจ
กิจกรรมการเรียนรู้ 

ดคูวามสอดคล้อง
โดยน าไปเทียบ
คะแนนการท าใบ
งานและการสงัเกต
จากครู       

 
ส่ือการเรียนรู้ 

1. Power point  น าเสนอประกอบการท ากิจกรรม 
2. อปุกรณ์การท าการทดลอง 
3. ใบงานท่ี 1 ผลของรังสีจากดวงอาทิตย์ (ISNs notebook) 
4. ใบงานท่ี 2 การดดูและคายความร้อนจากดวงอาทิตย์ของพืน้ผิวบนโลก 
5. ใบสรุปสาระส าคญั วนันีไ้ด้เรียนรู้อะไร 
6. หนงัสือเรียนวิชาวิทยาศาสตร์พืน้ฐาน 2 
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บันทกึผลหลังการจัดการเรียนรู้ 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
 
ปัญหาและอุปสรรค 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
 
ข้อเสนอแนะและแนวทางแก้ไข 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
………………………………………………………………………………………………………… 
 
    ลงช่ือ ................................................................................... 
    (............................................................................................) 
      ........./............./.............. 
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ช่ือ – สกลุ ................................................................................................. ชัน้ ม.1/…… เลขที่...... 
                              สรุปสาระส าคัญ วันนีไ้ด้เรียนรู้อะไร 
ระบุเป้าหมายที่นักเรียน

ต้องการ 
สิ่งที่เคยรู้แล้ว หรือ สิ่งที่คาดเดาผิด สิ่งที่ได้เรียนรู้ใหม่ / รู้เพิ่มเติม 

ขัน้การตัง้ค าถามก่อนทดลอง  
 
ขัน้การหาหลกัฐาน                                            
(ท าการทดลอง) 
 
ขัน้การอธิบาย                     
(สรุปผลการทดลอง) 
 
ขัน้ขยายความรู้                  
(ตอบค าถามใบงานท่ี 2) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

✎นักเรียนประเมินตนเอง  ความรู้ความเข้าใจเกี่ยวกับผลของรังสีจากดวงอาทติย์ต่อบรรยากาศ              
(คะแนนก่อนเรียนได้ ......../10 คะแนน คะแนนหลงัเรียนได้ ......../10 คะแนน ) เพราะ............................................ 
........................................................................................................................................................................ 

✎นกัเรียนคิดวา่ “ผลของรังสจีากดวงอาทติย์  สามารถน าไปใช้ประโยชน์ มีความเก่ียวข้องหรือมีผลกระทบในระดบั
บคุคล ชมุชน สงัคม ประเทศ โลกอยา่งไร?”  
……………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………… 
 
เพื่อนประเมิน  ความรู้ความเข้าใจจากใบงานและการร่วมกิจกรรมในห้อง  (ได้ .............../10 คะแนน)                  
ค าชมเชยหรือข้อแนะน าอื่น ๆ ............................................................................................................................       
........................................................................................................................................................................ 
.................................................................................................................     ลงช่ือ............................ ผู้ประเมิน 
 

✎ครูประเมิน  ความรู้ความเข้าใจจากใบงานและการร่วมกิจกรรมในห้อง  (ได้ .............../10 คะแนน)                  
ค าชมเชยหรือข้อแนะน าอื่น ๆ ............................................................................................................................       
.................................................................................................................     ลงช่ือ............................ ผู้ประเมิน 
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ใบงานที่ 1 การทดลองเรื่อง รังสีจากดวงอาทิตย์ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

❶การวางแผนและคาดเดา (นักเรียนเติมค ำตอบสั้นๆเป็นโน้ตย่อตำม

ควำมเข้ำใจเกี่ยวกบักำรด ำเนินกำรท ำกำรทดลองอย่ำงคร่ำว ๆ) 

1 เป้าหมายที่อยากรู้คืออะไร 

2 ลองต้ังค าถามที่ตรวจสอบได้ 

3 คาดเดาผลการทดลองว่าเป็นอย่างไร 

4 ต้องใช้อุปกรณ์อะไรบ้าง  จะใช้พื้นผิวอะไรมาทดสอบเปรียบเทียบบ้าง    

5 ใช้อะไรแทนความร้อนจากดวงอาทิตย์ 

6 ต้องการทราบ/อยากดู อะไรจากการทดลอง                                                                    

7 หลักฐานที่ใช้ยืนยันวา่มีการดูดกลืนความร้อนคืออะไร                                                                    

8 ทดลองเพียงอันเดียว หรือ ทดลองเปรียบเทียบกัน (วงกลมล้อมรอบ)                                        

9 สิ่งใดที่ท าให้ต่างกัน                                                                              

10 สิ่งใดที่ต้องท าให้เหมือนกัน ขณะทดลองแต่ละอัน                                         

11 วัดอะไรจากการทดลองนี้                                                                

12 วัดออกมาเป็นตัวเลขได้หรือไม่?                                                           

13 ใช้เครื่องมืออะไรวัด?                                                                       

14 จะใช้เวลาทดลองนานเท่าไหร่  ท าการวัดกี่ครั้ง                                         

15 ต้องระมัดระวังเร่ืองใดเป็นพิเศษ เพื่อให้การทดลองน่าเชื่อถอื ไม่มีอคติ                                                                              

วาดภาพ แสดงขั้นตอนการทดลอง 
 
 

 

ช่ือ-สกุล .................................................................................................  

ช้ัน ม. 1/........  เลขท่ี......... กลุ่มที่......... 

❷ก่อนทดลอง 

วัตถุประสงค์1 ............................................................................................ 
................................................................................................................. 
 

ค าถามที่ตรวจสอบได้2.............................................................................. 
................................................................................................................. 
 

ความรู้เดิมหรือข้อมูลที่เกี่ยวข้อง 

- อุณหภมูิ  คือ ระดับความร้อนที่ปรากฎในมวลสารต่างๆ สามารถบอกค่าได้เป็นตัว
เลขที่แน่นอน โดยใช้เครื่องมือวัดชื่อ “เทอร์มอมิเตอร์” 
- อุณหภมูิที่เปลี่ยนไป  คือ อุณหภูมิสารหลังทดอง – อุณหภูมิสารกอ่นทดลอง 
- ตัวแปรต้น  คือ สิ่งที่ต้องการศึกษา/ สิ่งที่ท าให้แตกต่าง 
- ตัวแปรตาม  คือ ผลที่เกิดขึ้นจากการทดลอง 
- ตัวแปรควบคุม  คือ สิ่งที่ต้องจัดกระท าให้เหมือนกันในการทดลอง 
 

สมมติฐาน3................................................................................................ 
................................................................................................................ 
 

ตัวแปรต้น9................................................................................................ 
ตัวแปรตาม6 .............................................................................................. 
ตัวแปรควบคุม10......................................................................................... 
................................................................................................................. 
................................................................................................................. 
................................................................................................................. 
 

นิยามตัวแปรตาม6 - > 11 

................................................................................................................. 

................................................................................................................. 

................................................................................................................. 
 
 
การทดลอง 

อุปกรณ์เครื่องมือท่ีใช้ทดลอง....................................................................... 
..................................................................................................................... 
.....................................................................................................................
..................................................................................................................... 
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 ใบงานที่ 1 รังสีจากดวงอาทิตย์ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

❹วางแผนเพ่ือเขียนอธบิาย/สรุป ผลการทดลองด้วยค าถาม 5 ข้อ 
1 ค าถามที่ตรวจสอบได?้ 
 
 
2 หลักฐานที่ต้องใช้ยืนยันคือ?  
 
3 ผลการทดลองพบว่า? 
 
 
4 จากหลักฐานที่ใช้และผลการทดลอง แสดงให้เห็นว่า? 
 
 
 
5 มีข้อมูลเพิ่มเติมอื่น ๆ ที่เกี่ยวข้องกับผลการทดลอง? 
 
 
 
 
 
 
 
 

❻เขียนสิ่งที่ได้เรียนรู้มากขึ้น  จากการท าการทดลองนี ้
 
 
 
 

❼น าผลการทดลองที่ค้นพบ ไปใช้ประโยชน์ในชีวิตได้หรือไม่ อย่างไร 
 
 
 
 

❽สิ่งที่อยากรู้ / ข้อสงสัยเพ่ิมเติม  ที่อยากรู้ค าตอบ 
 

 

❸การทดลอง (ต่อ) ผลการทดลอง 

 
 
 

สาร 

อุณหภูมิที่อ่านได้ (oC) ผลต่าง
อุณหภูมิ

สุดท้ายกับ
เร่ิมต้น (oC) 

 
 

นาทีที่ 
0 

 
 

นาทีที่ 
3 

 
 

นาทีที่ 
6 

 
 

นาทีที่ 
9 

 
 

นาทีที่ 
 15 

ดิน 
 
ทราย 

 
น้ า 
 

      

ท าเครื่องหมาย ✓ตรวจเช็ค ที่ไดท้ าแล้วหรือที่จ าได ้

 เป้าหมายที่ทดลองคืออะไร                ใช้อะไรเป็นหลักฐานยืนยนั 
 บันทึกครบหรือยัง ได้หลกัฐานครบหรือยัง    มีอะไรผิดพลาด..? เพราะอะไร ? 
 

กราฟแสดงการดูดกลืนความร้อนจากหลอดไฟของดิน น้ า และทราย ในเวลา 15 นาท ี
 

 

 
 
 

❺สรุปผลการทดลอง 

..................................................................................................................... 

..................................................................................................................... 

.................................................................................................................... 

............................................................................................................ .........

......................................................................................................................

......................................................................................................................

......................................................................................................................

................................................................................................................. 
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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 
 

 

แบบวัดทักษะกระบวนการทางวิทยาศาสตร์ 
 
ค าชี้แจงเกี่ยวกับแบบวัด       
 

แบบวัดทักษะกระบวนการทางวิทยาศาสตร์นี้ เป็นส่วนหน่ึงของเครือ่งมือวิจัยของปริญญานิพนธ์ 
เรื่อง “การพัฒนารูปแบบการเรยีนรู้แบบสืบเสาะหาความรู้โดยกลวธิีทางอภิปัญญา เพื่อส่งเสรมิสมรรถนะทาง
วิทยาศาสตร์ ทักษะกระบวนการทางวิทยาศาสตร์ และการรับรู้ความสามารถทางวิทยาศาสตร์  ของนักเรียน
ระดับชั้นมัธยมศึกษาปีท่ี 1”                     

 
1.    แบบวัดทักษะกระบวนการทางวิทยาศาสตร์ชุดนี้  มีจ านวน  40  ข้อ  แบ่งเป็น 

-ทักษะกระบวนการทางวิทยาศาสตร์ขั้นพื้นฐาน  จ านวน 26   ข้อ   26 คะแนน 
-ทักษะกระบวนการทางวิทยาศาสตร์ขั้นบูรณาการ   จ านวน 14   ข้อ   14 คะแนน 
 

2.  ใช้เวลาท าแบบวัด 1  ช่ัวโมง   
 

3. แบบวัดทักษะกระบวนการทางวิทยาศาสตร์ เป็นแบบปรนัย 4 ตัวเลอืก  ให้นักเรียนท า

เครื่องหมาย O ล้อมรอบ ข้อที่เหน็ว่าถูกต้องที่สุดเพียงค าตอบเดียวลงในกระดาษค าตอบท่ีอยู่

ส่วนท้ายของแบบวัด 
 
4. การตอบแบบวัดทักษะกระบวนการทางวิทยาศาสตร์นี้ จะไม่มผีลเสยีใด ๆ ต่อผลการเรียนของ

นักเรียนข้อมลูที่ไดจ้ากแบบวัดนี้ จะใช้ส าหรับการวิจัยครั้งนี้เท่าน้ัน 
 

 
ขอขอบคุณนักเรียนทุกคนมา ณ ทีน่ี้ ทีเ่สียสละเวลาและให้ความร่วมมือในการตอบค าถามแบบ

วัดนี้เป็นอย่างดี   
 
 

 
เบญญาภา  ประชานันท ์

(นางสาวเบญญาภา  ประชานันท์) 
นิสิตหลักสตูรการศึกษาดุษฎีบณัฑติ สาขาวิทยาศาสตรศึกษา 

ศูนย์วิทยาศาสตรศึกษา  คณะวิทยาศาสตร์  มหาวิทยาลัยศรีนครินทรวิโรฒ 
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Observing  
ข้อ 1  การบันทึกผลการสังเกตในข้อใดต่อไปนี้ ใช้ประสาทสัมผัสหลายทางที่สุด 
ก. กระเป๋าสีด าใบนั้น ท าจากหนังช้ันดี การันตีด้วยกลิ่นหนังแท้ ๆ 
ข. แตงโมลูกนี้เคาะแล้วเสยีงดังตึง ๆ จึงลองผ่าดู เนื้อแดงกรอบ รสหวานมาก 
ค. ผลไมลู้กนี้จับดผูิวสากมีตานูน ๆ มีกลิ่นหอมเนื้อด้านในมสีีเหลืองรสชาติหวาน 
ง. ชายคนนั้นมีผิวสีแทน ผมยาวมหีนวดเครา เสียงทุ้ม ตอนเดินผ่านได้กลิ่นอาหารติดตัวด้วย 

 
Classifying   

นักเรียนคนท่ี เพศ สัญชาต ิ ปีเกิด (ค.ศ.) ส่วนสูง (cm) 

1 ชาย ไทย 2002 170 

2 ชาย จีน 2001 180 

3 หญิง จีน 2003 165 

4 ชาย ญี่ปุ่น 2001 175 
5 หญิง ไทย 2001 159 

 
ข้อ 2 เกณฑ์ในการจ าแนกข้อใด ไม่สามารถใช้แบ่งกลุ่มให้ได้มากกว่า 2 กลุ่ม ได ้
ก. เพศ   ข. สัญชาต ิ  ค. ส่วนสูง   ง. ปีเกิด 

 
 
Measuring  
ข้อ 3   ป้ายบอกทาง ระยะห่างของตึกแต่ละตึกในโรงเรียน ควรระบุด้วยหน่วยวัดใด 
ก. ฟุต   ข. เมตร   ค. กิโลเมตร   ง. เซนติเมตร 

 
 
Using space/time relationship  
ข้อ 4     ค าชี้แจง  ใช้ภาพแสดงพิกัดแผนที่นี้ ตอบค าถามข้อ 4 

                ให้พิจารณา ภาพแสดงพิกัดแผนท่ี ขณะที่ผู้หญิงก าลังตามหาตัวโปเกม่อน   

จากภาพผู้หญิงคนน้ีหันหน้าไปทางทิศใด 
ก. ทิศเหนือ 
ข. ทิศใต้ 
ค. ทิศตะวันออก 
ง. ทิศตะวันตก  
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Using number  
ข้อมูลแสดงอุณหภมูิอากาศ ณ เมอืงต่าง ๆ ตามเวลาท้องถิ่นของแต่ละประเทศ เมื่อวันท่ี 5 ธันวาคม 2559  
 
 
 
 
 
  
 
 

ที่มา:  https://www.timeanddate.com/weather/ 
 

ข้อ 5  จากข้อมูลข้างต้น เมืองใดอากาศเย็นมากท่ีสุด 
ก. กัวลาลัมเปอร ์  ข. วอชิงตัน  ค. เบอร์ลิน  ง. มอสโค 
 

 
 
Communicating   
ข้อ 6    กราฟแสดงการปล่อยแกส๊คารบ์อนไดออกไซด์ของรถยนต์ขนาดต่าง ๆ 

 
ที่มา: http://www.carbonindependent.org/sources_car.html 

 
ข้อใดอธิบายความสัมพันธ์ของตัวแปรได้ถูกต้อง 
ก. เครื่องยนต์ขนาดเล็กจึงท าใหป้ล่อยแก๊สคาร์บอนไดออกไซดม์าก 
ข. ยิ่งปล่อยแก๊สคาร์บอนไดออกไซด์ออกมามากท าให้เครื่องยนต์ยิ่งมีขนาดใหญ ่
ค. ปล่อยแก๊สคาร์บอนไดออกไซดอ์อกมาน้อย เครื่องยนต์ยิ่งมขีนาดใหญ ่
ง. ยิ่งเครื่องยนต์มีขนาดใหญ่ยิ่งท าใหป้ล่อยแก๊สคาร์บอนไดออกไซดอ์อกมามาก 
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ขนาดของเคร่ืองยนต์ (ลิตร) 

ชื่อเมือง อุณหภูมิอากาศ (oC) 
กรุงเทพฯ 31 

โตเกียว 16 
มอสโค -8 

วอชิงตัน 4 
เบอร์ลิน -5 

กัวลาลัมเปอร ์ 33 

https://www.timeanddate.com/weather/
http://www.carbonindependent.org/sources_car.html
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Predicting   
ข้อ 7 
 
 
 
 
 
 
                            ที่มาของภาพ: http://www.nana-bio.com/Medium/O-net2554/O-net2553C6-C10.html 

จากกราฟข้างต้นแสดงจ านวนประชากรของสิ่งมีชีวิต ชนิด A และชนิด B   
ข้อใดเป็นการคาดการณ์ผลที่จะเกดิขึ้นในช่วงสัปดาห์ที่ 18   ได้ถูกต้อง 
ก.  A มีประชากรหนาแน่นข้ึน     ข.  B มีประชากรหนาแน่นข้ึน 
ค.  A และ B มีประชากรหนาแน่นเท่ากัน   ง.  B มีความหนาแน่นของประชากรเป็นศูนย ์

 
 
 
 
Inferring  
ข้อ 8     

มีนักเรียนคนหนึ่งทักท้วงว่า  “ท าไมความเข้มของ
แสงในเวลา 14:00 น. จึงมีค่าต่ ากว่าเวลา  15:00 
น. ทั้งที่โดยปกติ เวลา 14:00 น. มักมีแสงแดดจ้า
กว่าเวลา 15:00 น.” 
จากข้อทักท้วงดังกล่าว นักเรียนจะให้ความเห็นว่า     

อย่างไร 
 

ก. เวลา 14:00 น. อาจมีเมฆมาบดบัง 
ข. เวลา 14:00 น. อาจมีลมพัดมา 
ค. เวลา 14:00 น. อาจมีความช้ืนอากาศสูง 
ง. เฉพาะเวลา 14:00 น. ในฤดูหนาว แสงมีความ
เข้มน้อย 

ที่มา: http://www.acat.or.th/download/acat_or_th/journal-16/16%20-%2012.pdf 

 
 
 

 

http://www.nana-bio.com/Medium/O-net2554/O-net2553C6-C10.html
http://www.acat.or.th/download/acat_or_th/journal-16/16%20-%2012.pdf
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Defining operationally  
กุหลาบต้นท่ี ความสูงของต้น 

(cm) 
จ านวนดอก 

(ดอก) 
จ านวนกิ่ง (กิ่ง) ความยาวใบโดยเฉลีย่ (cm) 

A 60 3 10 3.5 

B 54 6 12 3.7 

C 50 8 12 3.2 

 
ข้อ 9  จากตารางบันทึกผลข้างตน้ ผู้ทดลองสรุปผลว่า ต้นกุหลาบที่มีการเจริญเติบโตมากท่ีสดุ ได้แก่  กุหลาบ  C  
จากการสรุปดังกลา่ว แสดงว่าผู้ทดลองนิยาม “การเจรญิเติบโต” โดยวัดจากสิ่งใดเป็นส าคัญ  
ก. ความสูงของต้น      ข. จ านวนกิ่งก้าน 
ค. จ านวนดอกท่ีออก     ง. ความยาวของใบโดยเฉลี่ย 

 
 

Formulating hypotheses;  
ข้อ 10  ในหน้าฝน หลังฝนตกจะมีแมลงเม่าจ านวนมากบินใต้หลอดไฟ   
นักเรียนคนหน่ึงสงสัยว่า “ลักษณะหลอดไฟแตล่ะแบบ ดึงดดูให้แมลงเม่าเข้ามาในปริมาณที่เท่ากันหรือไม่”   
ข้อใดเป็นสมมติฐานที่สามารถตรวจสอบค าตอบได ้
ก. หลอดไส้มีแมลงเมา่มาบินใต้หลอดไฟมากกว่าหลอดฟลูออเรสเซนต์ 
ข. หลอดไส้ร้อนกว่าหลอดฟลูออเรสเซนต์ท าให้แมลงเม่าบินเข้าหามากกว่า 
ค. เพราะเหตุใดแมลงเมา่จ านวนมากจึงบินเข้าหาหลอดไฟ 
ง. ท าไมแมลงเม่าจึงบินใต้หลอดไฟในปริมาณที่ตา่งกัน 

 
Interpreting data;  

ระดับความสูงจากระดับน้ าทะเล (m) จุดเดือด (oC) 

100 98 
400 97 

800 96 
1,200 93 

1,800 91 
 
ข้อ 11  ผลการทดลองหาจุดเดือดของของเหลวชนิดหนึ่งที่ระดับความสูงต่าง ๆ กันดังตารางที่ก าหนดให้ ควรสรปุข้อมูล
ว่าอย่างไร 
ก. จุดเดือดของของเหลวไม่คงท่ี    ข. ของเหลวนี้มีจุดเดือดเท่ากับน้ า 
ค. ระดับความสูงเพิม่ขึ้นจุดเดือดยิง่ต่ า    ง. ของเหลวเดือดได้ในระดับความสูงต่างกัน 
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Identify and controlling variables  
เนื่องจากสภาพภมูิอากาศท่ีร้อนขึน้ ท าให้น้ าแข็งละลายได้ง่ายขึ้น นักเรียนคนหนึ่งสงสัยและอยากทดสอบดูว่า รูปทรง
ของน้ าแข็งแบบต่าง ๆจะเกิดการหลอมเหลวเร็ว-ช้าต่างกันหรือไม่ เพื่อได้น าผลการทดสอบไปสร้างแมพ่ิมพ์น้ าแข็งใหม่ท่ี
ละลายช้าลง  
ข้อ 12 หากต้องตรวจสอบข้อสงสยันี้ ตัวแปรต้นของการทดลองคืออะไร 
ก. อุณหภูมิอากาศ      ข. รูปทรงน้ าแข็ง 
ค. การละลายของน้ าแข็ง     ง. ระยะเวลาที่น้ าแข็งหลอมเหลวหมด 

 
 

Experimenting 
ข้าวโพดที่แปลงสาธติของศูนย์ศึกษาการพัฒนาอ่าวคุ้งกระเบนที่ปลกูริมทางหลวง มีการเจรญิเตบิโตทีต่่างกันคือ บริเวณ 
ข มีการเจรญิเติบโตน้อยและแกรน็กว่าพื้นที่บริเวณ ก เจ้าหน้าท่ีศูนย์ฯให้ความเห็นกับผู้เขา้เยี่ยมชมแปลงสาธิตว่า 
“น่าจะเป็นเพราะแสงไฟจากเสาไฟข้างถนนส่องตอนกลางคืน ท าให้ข้าวโพดบริเวณ ก เจริญเติบโตมาก”  
(ใช้ตอบค าถามข้อ 13-14)   
 
 
 
 
 
ข้อ 13 จากข้อมูลข้างต้น เจ้าหน้าที่มีสมมติฐานเกี่ยวกับการเจริญเตบิโตของต้นข้าวโพดทั้งสองบรเิวณของแปลงสาธิต  
ว่าอย่างไร 
ก. ลักษณะดินบริเวณ ก และ ข ต่างกัน    ข. ปริมาณแกส๊ CO2 บริเวณ ก และ ข ต่างกัน 
ค. ความช้ืนอากาศบริเวณ ก และ ข ต่างกัน   ง. ปริมาณแสงที่ไดร้ับบรเิวณ ก และ ข ต่างกัน 

 
ข้อ 14 หากนักเรียนต้องตรวจสอบสมมติฐานของเจ้าหน้าท่ีฯดังข้างต้น นักเรียนจะออกแบบการทดลองอย่างไร 
ก. น าดินจากท้ังสองบริเวณมาใส่กระถางเท่า ๆ กัน กระถางที่ 1-3 เป็นดินจากบรเิวณ ก ปลูกข้าวโพด และกระถางที่ 4-6 
เป็นดินจากบริเวณ ข ปลูกข้าวโพดพันธ์ุเดียวกันทั้ง 6 กระถาง รดน้ าใส่ปุ๋ยและวางกระถางบรเิวณเดียวกัน บันทึกการ
เจริญเติบโต 
ข. น าดินจากแปลงสาธิตใส่กระถาง 2 กระถางเท่า ๆ กัน แล้วปลูกข้าวโพดพันธุ์เดียวกัน ให้กระถางที่ 1 ได้รับแก๊ส
คาร์บอนไดออกไซด์จากท่อไอเสยีรถทุกเช้า ๆ ละ 10 นาที ส่วนกระถางที ่2 วางไว้ปกติ รดน้ าใส่ปุ๋ยและวางกระถาง
บริเวณเดียวกัน บันทึกการเจรญิเติบโต 
ค. น าดินจากแปลงสาธิตใส่กระถาง 2 กระถางเท่า ๆ กัน แล้วปลูกข้าวโพดพันธุ์เดียวกัน ให้กระถางที่ 1 รดน้ าวันละ 3 
ครั้ง ส่วนกระถางที ่2 รดน้ าวันละ 1 ครั้ง ใส่ปุ๋ยและวางกระถางบริเวณเดยีวกัน บันทึกการเจรญิเติบโต 
ง. น าดินจากแปลงสาธติใส่กระถาง 2 กระถางเท่า ๆ กัน แล้วปลูกข้าวโพดพันธุ์เดียวกัน ให้ท้ังสองกระถาง วางบริเวณ
เดียวกันในตอนกลางวัน และเปดิไฟส่องกระถางที่ 2  ในตอนกลางคืน บันทึกการเจรญิเติบโต 
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D.2 Science Competencies Test 
 
 

แบบวัดสมรรถนะทางวิทยาศาสตร์ 

 
ค าชี้แจงเกี่ยวกับแบบวัด       
 

แบบวัดสมรรถนะทางวิทยาศาสตร์ (Science Competencies Test) จัดท าขึ้นเพ่ือวัดระดับ
สมรรถนะทางวิทยาศาสตร์ ของนักเรียนระดับชั้นมัธยมศึกษาปีที่ 1 โดยแบบวัดนี้เป็นส่วนหนึ่งของ
เครื่องมือวิจัย ในปริญญานิพนธ์ เรื่อง “การพัฒนารูปแบบการเรียนรู้สืบเสาะหาความรู้โดยกลวิธีทางอภิ
ปัญญา เพ่ือส่งเสริมสมรรถนะทางวิทยาศาสตร์ ทักษะกระบวนการทางวิทยาศาสตร์ และการรับรู้
ความสามารถทางวิทยาศาสตร์ ของนักเรียนระดับชั้นมัธยมศึกษาปีที่ 1”  

 
1. แบบวัดสมรรถนะทางวิทยาศาสตร์ มี 20 หน้า จ านวน 22 ข้อ ใช้เวลาท าข้อสอบ 1.5 ช่ัวโมง  

 
2. แต่ละข้อมคีะแนนเต็ม 3  คะแนน 

 
 3.  การตอบค าถามในข้อสอบ แบง่ออกเป็น 3 ลักษณะ ดังนี ้  

3.1  แบบปรนัยตัวเลือก:  ท าเครือ่งหมาย O ล้อมรอบในข้อท่ีเห็นวา่ถูกต้องที่สุดเพียงค าตอบเดียว 
3.2  แบบปรนัยแสดงความคิดเห็น:  ความคิดเห็นของนักเรียน ตอบท้ัง 3 ค าตอบ ท าเครื่องหมาย  

O ล้อมรอบ ระบุว่า “ใช่”หมายถึงเห็นว่าถูกต้อง  หรือ “ไม่ใช่”หมายถึงเห็นว่าไม่ถูกต้อง 
3.2  แบบเขียนตอบ:  เขียนข้อความให้ครบถ้วนสมบูรณ์  

 
 

ขอขอบคุณนักเรียนทุกคนมา ณ ที่นี้ ที่ให้ความร่วมมือในการตอบค าถามแบบวัดนี้เป็นอย่างดี   
 
 
 

เบญญาภา  ประชานันท์ 
(นางสาวเบญญาภา  ประชานันท์) 

นิสิตหลักสูตรการศึกษาดุษฎีบัณฑิต สาขาวิทยาศาสตรศึกษา 
ศูนย์วิทยาศาสตรศึกษา  คณะวิทยาศาสตร์  มหาวิทยาลัยศรีนครินทรวิโรฒ 
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สมรรถนะทางวิทยาศาสตร์:                                                                                                 
ด้านการอธิบายปรากฎการณ์ทางวิทยาศาสตร์ 
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สมรรถนะทางวิทยาศาสตร์:                                                                                                 
ด้านการอธิบายปรากฎการณ์ทางวิทยาศาสตร์ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

เกณฑ์การใช้คะแนน คือ ตอบครบ 3 ประเด็น ได้ 3 คะแนน  

ตัวอยางค าตอบเช่น กล่าวถึงสมบัติของวัสดุที่น ามาก่อสร้างอาคารบ้านเรือน 

กล่าวถึงวิธีการลดแก๊สคาร์บอนไดออกไซ์ 

กล่าวถึงการออกแบบผังเมือง 
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สมรรถนะทางวิทยาศาสตร์:                                                                                               

ด้านการการประเมินและออกแบบกระบวนการสืบเสาะหาความรู้ทางวิทยาศาสตร์ 
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สมรรถนะทางวิทยาศาสตร์:                                                                                               

ด้านการการประเมินและออกแบบกระบวนการสืบเสาะหาความรู้ทางวิทยาศาสตร์ 
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สมรรถนะทางวิทยาศาสตร์:                                                                                          

การแปลความหมายข้อมูลและประจักษ์พยานในเชิงวิทยาศาสตร์ 
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สมรรถนะทางวิทยาศาสตร์:                                                                                          

การแปลความหมายข้อมูลและประจักพยานในเชิงวิทยาศาสตร์ 
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D.3 Self-efficacy in Science Test 
 
 

แบบวัดการรับรู้ความสามารถทางวิทยาศาสตร์ 

 
ค าชี้แจงเกี่ยวกับแบบวัด       
 

แบบวัดการรับรู้ความสามารถทางวิทยาศาสตร์ (Self-efficacy in Science Test) จัดท าขึ้นเพ่ือ
วัดระดับการรับรู้ความสามารถทางวิทยาศาสตร์ ของนักเรียนระดับชั้นมัธยมศึกษาปีที่ 1 โดยแบบวัดนี้เป็น
ส่วนหนึ่งของเครื่องมือวิจัย ในปริญญานิพนธ์ เรื่อง “การพัฒนารูปแบบการเรียนรู้สืบเสาะหาความรู้โดย
กลวิธีทางอภิปัญญา เพื่อส่งเสริมสมรรถนะทางวิทยาศาสตร์ ทักษะกระบวนการทางวิทยาศาสตร์ และการ
รับรู้ความสามารถทางวิทยาศาสตร์ ของนักเรียนระดับชั้นมัธยมศึกษาปีที่ 1”  

1. แบบวัดการรับรู้ความสามารถทางวิทยาศาสตร์ (Self-efficacy in Science Test) นี้                           
มี 5 หน้า ประกอบด้วย 2 ตอน ได้แก่  
ตอนที่ 1 ข้อมูลของนักเรียน 
ตอนที่ 2 ข้อมูลการรับรู้ความสามารถทางวิทยาศาสตร์ 
 

2. ใช้เวลาท าแบบวัด  25  นาท ี  
3. แบบวัดการรับรู้ความสามารถทางวิทยาศาสตร์ ประกอบข้อค าถาม จ านวน  41  ข้อ  และมี

ระดับ  ความคิดเห็นต่อข้อค าถาม 5 ระดับ  ให้นักเรียนท าเครื่องหมาย O   ล้อมรอบตัวเลข
ที่ตรงกับความคิดเห็นมากที่สุด  

4. การตอบแบบวัดการรับรู้ความสามารถทางวิทยาศาสตร์นี้ จะไม่มีผลเสียใด ๆ ต่อผลการ
เรียนของนักเรียน  ข้อมูลที่ได้จากแบบวัดนี้ จะใช้ส าหรับการวิจัยครั้งนี้เท่านั้น 

 
ขอขอบคุณนักเรียนทุกคนมา ณ ที่นี้ ที่เสียสละเวลาและให้ความร่วมมือในการตอบค าถามแบบวัดนี้เป็น
อย่างดี   
 

เบญญาภา  ประชานันท์ 
(นางสาวเบญญาภา  ประชานันท์) 

นิสิตหลักสูตรการศึกษาดุษฎีบัณฑิต สาขาวิทยาศาสตรศึกษา 
ศูนย์วิทยาศาสตรศึกษา  คณะวิทยาศาสตร์  มหาวิทยาลัยศรีนครินทรวิโรฒ 
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ชื่อ – สกุล.............................................................ชั้น ม…../ ……  เลขที่ ........   โรงเรียน............................  

 
ส่วนที่ 1 ข้อมูลของนักเรียน 

1. เพศ      หญิง          ชาย      
2. อายุ      ต่ากว่า 13 ปี   13 ปี      14  ปี    15 ปี 

ส่วนที่ 2 ข้อมูลการรับรู้ความสามารถทางวิทยาศาสตร์ เรื่อง บรรยากาศและลมฟ้าอากาศ   
       5 หมายถึง  เห็นด้วยอย่างยิ่ง    4  หมายถึง เห็นด้วย           3 หมายถึง ไม่แน่ใจ                           

2  หมายถึง  ไมเ่ห็นด้วย          1  หมายถึง  ไม่เห็นด้วยอย่างยิ่ง 

 
 
 
 

ระดับความคิดเห็น 
 

เห็นด้วย
อย่างยิ่ง     

 

 
เห็นด้วย                 

 
ไม่แน่ใจ                            

 
ไม่เห็น
ด้วย 

 
ไม่เห็น
ด้วย

อย่างยิ่ง     

1. ฉันมั่นใจว่าสามารถอธิบายปรากฏการณ์ต่าง ๆ ที่
เกิดขึ้นในช้ันบรรยากาศแต่ละชั้นของโลกได ้

5 4 3 2 1 

2. ฉันไม่สามารถอธิบายสาเหตุที่ท าให้เกิดภาวะโลกร้อนได้ 5 4 3 2 1 
3. ฉันมั่นใจว่าสามารถค านวณโจทย์ปัญหาเกีย่วกับความ
ดันอากาศ ความช้ืนอากาศได้ถูกตอ้ง 

5 4 3 2 1 

4. ฉันมั่นใจว่าสามารถอธิบายสาเหตุที่ท าให้อุณหภมูิ
ในช่วงเช้า กลางวัน และเย็นแตกต่างกันได ้

5 4 3 2 1 

5. ฉันมั่นใจว่าสามารถบอกได้ว่าการใช้รถที่มีเครื่องยนต์
ขนาดเล็กและใหญ่ ส่งผลต่อการเกิดปรากฏการณ์เรือน
กระจกแตกต่างกันอย่างไร 

5 4 3 2 1 

6. ฉันมั่นใจว่าสามารถเชื่อมโยงข้อมูลจากหลายแหล่ง เพื่อ
อธิบายปรากฏการณ์ทางลมฟ้าอากาศได้ถูกต้อง 

5 4 3 2 1 

7. ฉันมั่นใจว่าสามารถอธิบายปรากฏการณ์รูโหว่โอโซน 
ฝนกรด ต่อสิ่งมีชีวิตและสิ่งแวดล้อมได ้

5 4 3 2 1 

8. ฉันมั่นใจว่าสามารถอธิบายหลักการเกิดลมได้ถูกต้อง 5 4 3 2 1 
9. เมื่อฉันเห็นเมฆปรากฏ ฉันมั่นใจว่าสามารถบอกได้วา่
เป็นเมฆก่อให้เกดิฝน 

5 4 3 2 1 

10. ฉันมั่นใจว่าสามารถอธิบายถึงสาเหตุที่ท าให้เขตบาง
ขุนเทียนหรือพื้นที่เรียบฝั่งทะเล มนี้ าทะเลล้ าเข้ามาผืนดิน
มากกว่าอดีต 

5 4 3 2 1 
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ระดับความคิดเห็น 
 

เห็น
ด้วย

อย่างยิ่ง 
 

 
เห็นด้วย 

 
ไม่แน่ใจ 

 
ไม่เห็น
ด้วย 

 
ไม่เห็น
ด้วย

อย่างยิ่ง 

11. ฉันจะล้มเลิกการหาค าตอบ เมื่อพบว่าต้องใช้กระบวนการท่ียากหลาย
ขั้นตอนในการหาค าตอบน้ัน 

5 4 3 2 1 

12. ฉันมั่นใจว่าสามารถออกแบบการทดลองใด ๆ ท่ีเกี่ยวกับปรากฏการณ์
ลมฟ้าอากาศ (เช่น ผลกระทบจากฝนกรด) ได้ 

5 4 3 2 1 

13. ฉันมั่นใจว่าสามารถใช้ความรู้ทางวิทยาศาสตร์ท่ีเรียนมา เสนอแนวทาง
แก้ไขที่หลากหลายเพื่อแก้ปัญหาเกี่ยวกับลมฟ้าอากาศและสิ่งแวดล้อม  

5 4 3 2 1 

14. เมื่อพบปัญหาวิทยาศาสตร์ใด ๆ เกี่ยวกับบรรยากาศ ลมฟ้าอากาศ ฉัน
มั่นใจว่าสามารถสร้างสมมติฐานท่ีน าไปสู่การทดลองตรวจสอบหาค าตอบ
ได้ (Testable) 

5 4 3 2 1 

15. ไม่ว่าปัญหาใด ๆ ฉันมั่นใจว่าสามารถใช้ทักษะกระบวนการทาง
วิทยาศาสตร์ท่ีเรียนมา สืบเสาะหาค าตอบปัญหาให้ส าเร็จได้ 

5 4 3 2 1 

16. เมื่อต้องออกแบบการทดลองด้วยตนเอง ฉันมั่นใจว่าสามารถบอก
ขั้นตอนและเหตุผลท่ีต้องจัดกระท าในขั้นตอนน้ัน ๆ ได้ 

5 4 3 2 1 

17. เมื่อต้องท าการทดลองเปรียบเทียบความสามารถในการดูดรังสีความ
ร้อนของวัสดุ ต่าง ๆ บนโลก ฉันมั่นใจว่าสามารถระบุอุปกรณ์เครื่องมือที่
ต้องใช้ท้ังหมดได้ถูกต้อง 

5 4 3 2 1 

18. ฉันไม่ม่ันใจเกี่ยวกับวิธีการใช้เครื่องมืออุปกรณ์การทดลองใน
ห้องปฏิบัติการ  

5 4 3 2 1 

19. เมื่อต้องท าการทดลองใด ๆ เช่น ฝนกรดและผลกระทบของฝนกรด 
การดูดและคายความร้อนของสาร ฉันมั่นใจว่าสามารถระบุข้อมูลท่ีต้องเก็บ
รวบรวม เพื่อน ามาใช้เป็นหลักฐานยืนยันในการสรุปผล 

5 4 3 2 1 

20. ฉันมั่นใจว่าสามารถใช้ความมุ่งมั่นพยายามท างานวิทยาศาสตร์ใด ๆ 
ให้ส าเร็จได้ 

5 4 3 2 1 

21. ถ้ามีการท าการทดลองเกี่ยวกับลมฟ้าอากาศท้ังแบบยาก-ง่าย
หลากหลายให้เลือก   ฉันมั่นใจว่าจะเลือกท าการทดลองท่ียากท้าทาย
ความสามารถตนเอง 

5 4 3 2 1 
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ระดับความคิดเห็น 
 

เห็นด้วย
อย่างยิ่ง 

 

 
เห็นด้วย 

 
ไม่แน่ใจ 

 
ไม่เห็น
ด้วย 

 
ไม่เห็นด้วย
อย่างยิ่ง 

22. เมื่อมีนโยบายปรับผังเมืองใหม่ จัดให้พ้ืนท่ีส่วนใหญ่ปลูก
ต้นไม้สร้างสวนสาธารณะแทนการสร้างห้างสรรพสินค้า ฉัน
จะไม่สนับสนุนนโยบายน้ี 

5 4 3 2 1 

23. ฉันมั่นใจว่าสามารถประเมินสาเหตุ/ระบุความเป็นไปได้
เกี่ยวกับเหตุการณ์ทางลมฟ้าอากาศ เช่น ฟ้าผ่า ได้จาก
ข้อมูลท่ีปรากฏในข่าว 

5 4 3 2 1 

24. ฉันมั่นใจว่าสามารถใช้ความรู้เรื่องการเกิดลม ในการ
ระบุต าแหน่งท่ีเหมาะสมในการติดตั้งประตูหรือหน้าต่าง
เพื่อให้ลมพัดผ่านห้องได้สะดวก 

5 4 3 2 1 

25. เมื่อฟังข่าวพยากรณ์อากาศท่ีมีข้อมูลหย่อมความกด
อากาศสูงต่ าแล้ว ฉันมั่นใจว่าสามารถบอกเกี่ยวกับอุณหภูมิ
ในพื้นท่ีดังกล่าวได้ 

5 4 3 2 1 

26. ฉันสามารถท าความเข้าใจข่าวหรือบทความเกี่ยวกับลม
ฟ้าอากาศท่ีปรากฏในส่ือ 
ต่าง ๆ ได้ 

5 4 3 2 1 

27. ฉันรู้วิธีการเตรียมตัวและปฏิบัติตัว เมื่อร่างกายต้องอยู่
ในท่ี ๆ มีความดันอากาศเปลี่ยนไปจากเดิม เช่น เทือกเขา 
บนเครื่องบิน หรือหุบเขา 

5 4 3 2 1 

28. ฉันมั่นใจว่าสามารถน าความรู้เรื่อง การสะท้อนและ
ดูดกลืนรังสีจากดวงอาทิตย์ของวัสดุ เป็นแนวทางในการ
ตัดสินใจเลือกทาสีบ้านเพื่อลดความร้อนของบ้านได้ 

5 4 3 2 1 

29. เมื่อฉันฟังข่าวเกี่ยวกับลมมรสุมตะวันออกเฉียงเหนือ
และมรสุมตะวันตกเฉียงใต้พัดผ่านบริเวณท่ีฉันอาศัยอยู่ 
(กรุงเทพ) ฉันมั่นใจว่าสามารถคาดการณ์สภาพอากาศท่ีจะ
เกิดขึ้นได้ 

5 4 3 2 1 

30. ฉันมั่นใจว่าสามารถใช้ทักษะการสังเกตและความรู้ท่ี
เรียนแล้ว ท าความเข้าใจ กราฟ แผนภาพ หรือแหล่งข้อมูล
อื่นเกี่ยวกับลมฟ้าอากาศหรือสิ่งท่ีพบเห็นในชีวิตประจ าวัน 
อื่น ๆ ได้ 

5 4 3 2 1 

31. จากข้อโต้แย้งว่า “โรงไฟฟ้านิวเคลียร์ในไทยเหมาะสม
หรือไม”่ ฉันจะสนับสนุนให้มีโรงไฟฟ้านิวเคลียร์ เน่ืองจาก
จะช่วยลดภาวะโลกร้อนได้ 

5 4 3 2 1 
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ระดับความคิดเห็น 

 
เห็นด้วย
อย่างยิ่ง 

 

 
เห็นด้วย 

 
ไม่แน่ใจ 

 
ไม่เห็น
ด้วย 

 
ไม่เห็น
ด้วย

อย่างยิ่ง 

32. ฉันมั่นใจว่าสามารถระบุข้อมูลหลักฐานท่ีใช้ยืนยันว่า 
รถยนต์ท่ีมากขึ้นส่งผลกระทบต่อการเกิดภาวะโลกร้อนท่ี
มากขึ้นได้ 

5 4 3 2 1 

33. ฉันมั่นใจว่าสามารถใช้ความรู้ท่ีเรียนมา เลือกช่วงเวลาท่ี
จะไปเท่ียวทะเลฝั่งอันดามันได้โดยไม่เจอลมมรสุมฝนตกได้ 

5 4 3 2 1 

34. เมื่อต้องโต้แย้งหรือสนับสนุนประเด็นเกี่ยวกับลมฟ้า
อากาศของโลก ฉันม่ันใจว่าสามารถเลือกใช้ข้อมูลหลักฐาน
มามาสนับสนุนหรือโต้แย้งได้ 

5 4 3 2 1 

35. เมื่อเพื่อนน าเสนองานจบ ฉันสามารถร่วมอภิปรายและ
เสนอแนะในประเด็นท่ีเพื่อนน าเสนอได้ 

5 4 3 2 1 

36. ฉันสามารถพูดน าเสนอประเด็นต่าง ๆ ตรงตาม
เป้าหมายท่ีฉันวางแผนไว้ ได้ครบประเด็น 

5 4 3 2 1 

37. เมื่อมีข้อมูลกราฟน าเสนอเกี่ยวกับลมฟ้าอากาศ 
(แปรปรวน) ในปัจจุบัน ฉันมั่นใจว่าสามารถอธิบายข้อมูลใน
กราฟน้ันให้เพ่ือนเข้าใจได้ 

5 4 3 2 1 

38. ฉันมั่นใจว่าสามารถเขียนสื่อความบอกแนวคิดเกี่ยวกับ
บรรยากาศ ลมฟ้าอากาศท่ีเรียนแล้วได้ตรงตามท่ีฉันคิด
น าเสนอ 

5 4 3 2 1 

39. ฉันมั่นใจว่าสามารถเลือกใช้วิธีการน าเสนอข้อมูลท่ี
เหมาะสมกับเน้ือหาและเข้าใจง่ายได้ 

5 4 3 2 1 

40. เมื่อต้องอภิปรายหรือแสดงความคิดเห็นต่องาน ฉัน
มั่นใจว่าสามารถน าเสนอได้โดยมีหลักฐานและเหตุผล
ประกอบชัดเจน 

5 4 3 2 1 

41. ฉันรู้สึกไม่สบายใจ หากต้องพูดหรืออธิบายสิ่งท่ี
เกี่ยวข้องกับบรรยากาศ ลมฟ้าอากาศท่ีเรียนมาแล้วให้เพื่อน
ฟัง 

5 4 3 2 1 
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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 

Squares 
df Mean 

Square 
F Sig. 

Overall 
13 skills 

Between groups 
Within groups 
Total 

3090.750 
19365.853 
22456.603 

2 
423 
425 

1545.375 
45.782 

33.755 .000** 

1.Observing Between groups 
Within groups 
Total  

.154 
215.086 
215.239 

2 
423 
425 

.077 

.508 
.151 .086 

2.Classifying Between groups 
Within groups 
Total 

6.880 
228.970 
235.850 

2 
423 
425 

3.440 
.541 

6.355 .002* 

3.Measuring Between groups 
Within groups 
Total 

.698 
355.746 
356.444 

2 
423 
425 

.349 

.841 
.415 .661 

4.Using space/time 
relationship 

Between groups 
Within groups 
Total 

24.287 
544.333 
568.620 

2 
423 
425 

12.144 
1.287 

9.437 .000** 

5.Using number Between groups 
Within groups 
Total 

11.616 
402.966 
414.582 

2 
423 
425 

5.808 
.953 

6.097 .002* 

6.Communicating Between groups 
Within groups 
Total 

26.085 
485.567 
511.653 

2 
423 
425 

13.043 
1.148 

11.362 .000** 
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  Sum of 
Squares 

df Mean 
Square 

F Sig. 

7.Predicting Between groups 
Within groups 
Total 

11.883 
205.763 
217.646 

2 
423 
425 

5.941 
.486 

12.214 .000** 

  Sum of 
Squares 

df Mean 
Square 

F Sig. 

8.Inferring Between groups 
Within groups 
Total 

30.971 
520.325 
551.296 

2 
423 
425 

15.486 
1.230 

12.589 .000** 

9.Defining 
operationally 

Between groups 
Within groups 
Total 

35.330 
360.128 
395.458 

2 
423 
425 

17.665 
.851 

20.749 .000** 

10.Formulating 
hypotheses 

Between groups 
Within groups 
Total 

8.067 
209.482 
217.549 

2 
423 
425 

4.034 
.495 

8.145 .000** 

11.Interpreting data Between groups 
Within groups 
Total 

39.092 
397.894 
436.986 

2 
423 
425 

19.546 
.941 

20.779 .000** 

12.Identify and 
controlling variables 

Between groups 
Within groups 
Total 

50.268 
413.998 
464.265 

2 
423 
425 

25.134 
.979 

25.680 .000** 

13.Experimenting Between groups 
Within groups 
Total 

100.985 
625.459 
726.444 

2 
423 
425 

50.492 
1.479 

34.148 .000** 

* p < 0.05 
**      p < 0.01 

 
Post Hoc test in terms of Scheffe a,b 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 a,b on the comparison of overall science process skills 
 

          Overall 13 skills N Subset for alpha = 0.05 
Grade Levels 1 2 

Scheffe a,b 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 a,b 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 a,b 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 a,b on each science process skill 
 

1.Observing n Subset for alpha = 0.05 

Grade Levels 1 

Scheffe a,b 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 a,b 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 a,b 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 a,b 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 a,b 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 a,b 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 a,b 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 a,b 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 a,b 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 a,b 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 a,b 9 124 1.322  

 8 113  1.902 
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 7 189  2.026 

 Sig.  1.000 .546 

12.Identify and controlling variables n Subset for alpha = 0.05 

Grade Levels 1 2 

Scheffe a,b 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 a,b 9 124 1.201   

 8 113  1.982  

13.Experimenting  
Grade level 

 n                       Subset for alpha = 0.05 

  1                    2                       3 

 7 189   2.359 

Sig.  1.000 1.000 1.000 

 
A. Not difference 

among grade level 
 B. Partial difference 

In some grade levels 
 C. Difference 

among all grade levels 

7th 8th 9 th grade  7th 8thgrade 9 th grade  7th  8th  9th  

  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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