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Supervisor: James Barufaldi 

 

The study examined the effects of a technology-enhanced inquiry instructional 

model on students’ understanding of science in Thailand. A mixed quantitative research 

design was selected for the research design. A pretest-posttest control-group design was 

implemented for the experimental research. A causal-comparative design using 

questionnaire and classroom observation was employed for the non-experimental 

research. Two sixth-grade classrooms at a medium-sized public school in Bangkok, 

Thailand were randomly selected for the study - one as the control group and the other as 

the experimental group. The 34 students in the control group only received the inquiry 

instructional model, while the 35 students in the experimental group received the 

technology-enhanced inquiry instructional model. Both groups of students had been 

taught by the same science teacher for 15 weeks (three periods per week). The results and 

findings from the study seemed to indicate that both the technology-enhanced inquiry 

instructional model and the inquiry instructional model significantly improve students’ 
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understanding of science. However, it might be claimed that students receiving the 

technology-enhanced inquiry instructional model gain more than students only receiving 

the inquiry instructional model. In addition, the technology-enhanced inquiry 

instructional model seemed to support the assessment during the 5E Model’s evaluation 

stage. Most students appeared to have very good attitudes toward using it in the science 

classroom suggesting that the technology-enhanced inquiry instructional model motivates 

students to learn science. 
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CHAPTER ONE 

INTRODUCTION 

The purpose of the study is to examine the effects of a technology-enhanced 

inquiry instructional model on students’ understanding of science in Thailand. Inquiry 

instructional models are grounded in sound educational theory and have a growing base 

of research to support their effectiveness and significant impact on science education 

(BSCS, 2006). Nevertheless, there is a continued need to conduct research on the 

effectiveness of this model, including how the model with technology enhancement is 

implemented in the science classroom. In the study, a technology called the classroom 

communication system was integrated into the inquiry instructional model in the science 

classroom. The group of students that received this technology-enhanced inquiry 

instructional model was compared with the other group of students that only received the 

inquiry instructional model. 

1.1 Rationale for research 

In Thailand, the National Education Act 1999 (Office of the National Education 

Commission, 1999) provided a guideline for education by stating that: 

“Education shall be based on the principle that all learners are capable of 

learning and self-development, and are regarded as being most important. The teaching-

learning process shall aim at enabling the learners to develop themselves at their own 

pace and to the best of their potentiality.” 

This guideline, which focuses on student-centered learning and instruction, 

conforms to the concept of the inquiry instructional model that is grounded in sound 
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educational theory and has a growing base of research to support its effectiveness and 

significant impact on science education (BSCS, 2006). 

Furthermore, reform in science education has focused on the demand for 

integrating technology into teaching and learning. Unfortunately, the actual use of 

technology in classrooms remains limited although many schools regularly invest in new 

technology (O’Bannon & Judge, 2004; Papanastasiou et al., 2003). Technology has only 

been an isolated subject in the traditional curriculum. Many teachers in other subject 

areas are not integrating it into their instruction. Thus, technology must have a new role 

and become an integral part in the curriculum (O’Bannon & Judge, 2004; Voogt & 

Pelgrum, 2003). 

The Center for Research and Information Technology and Organizations 

conducted a large-scale study of more than 4,000 teachers (grade 4-12). The study 

included a survey related to technology integration into subject areas. The result of the 

study indicated that only 17 percent of science teachers reported “frequent computer use” 

in their respective classrooms (Barron et al., 2003). Teachers appear to lack the skills 

and/or be reluctant to integrate technology into their instruction. There is an urgent call 

for teachers who are capable of integrating technology into science instruction. 

1.2 Research questions 

The research questions include: 

1. Does the technology-enhanced inquiry instructional model improve students’ 

understanding of science in Thailand? 
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2. What are students’ attitudes toward using the technology-enhanced inquiry 

instructional model in the science classroom? 

1.3 Potential contribution 

The study will provide an effective instructional design using the technology-

enhanced inquiry instructional model to improve students’ understanding of science. The 

study will also help teachers and students realize the benefits of technology and develop 

positive attitudes toward integrating technology into science curriculum. Teachers will 

learn how to implement the technology-enhanced inquiry instructional model in science 

classrooms. In addition, they will be able to provide frequent and immediate feedback to 

students using the classroom communication system. 
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CHAPTER TWO 

REVIEW OF THE LITERATURE 

This chapter will review some theories and literature. Initially, the background of 

inquiry education will be outlined. Then, four perspectives on learning environments will 

be mentioned. Next, the ideas for improving students’ learning via feedback and class 

discussion will be introduced. Then, the technology integration into science curriculum 

will be discussed and related research will be demonstrated. Finally, the classroom 

communication system will be illustrated, as well as its related research. 

2.1 Background of inquiry education 

Herron (1971) explained four levels of inquiry education as follows: 

1. Confirmation - students confirm a principle through a prescribed activity when 

the results are known in advance. 

2. Structured Inquiry - students investigate a teacher-presented question through a 

prescribed procedure. 

3. Guided Inquiry - students investigate a teacher-presented question using student 

designed/selected procedures. 

4. Open Inquiry - students investigate topic-related questions that are student 

formulated through student designed/selected procedures. 

What is given to the learner determines at which level of inquiry the given 

instruction resides - the less given to the learner the higher the level of inquiry. This can 

be depicted in the following table. 
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Level of 

Inquiry 
Problem? Procedure? Solution? 

1 Yes Yes Yes 

2 Yes Yes No 

3 Yes No No 

4 No No No 

 

In the mid-1980s, the Biological Sciences Curriculum Study (BSCS) received a 

subsidy from the International Business Machines Corporation (IBM) to conduct a design 

study that would create specifications for a new science and health curriculum for 

elementary schools. Among the creations that resulted from this design study is an 

inquiry instructional model called the 5E Model. It consists of five stages: engagement, 

exploration, explanation, elaboration, and evaluation. BSCS (2006) concisely explained 

each stage of the 5E Model as follows: 

• Engagement 

In engagement stage, the teacher or a curriculum task will engage students’ prior 

knowledge and help them become interested in a new concept through the use of short 

activities that promote curiosity. These short activities will make connections between 

past and present learning experiences, reveal prior conceptions, and organize students’ 

thinking toward the learning outcomes. 
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• Exploration 

In exploration stage, students will be served with activities within which present 

concepts, processes, and skills are labeled and conceptual change is supported. Students 

may complete lab activities that help them use previous knowledge to create new ideas, 

examine questions and possibilities, and plan and manage a preliminary investigation. 

• Explanation 

Explanation stage will focus students’ attention on a particular view of their 

engagement and exploration experiences and provide them with opportunities to illustrate 

their conceptual understanding, process skills, or behaviors. Students will explain their 

understanding of the concept in this stage. Also, teachers will be provided opportunities 

to directly introduce a concept, process, or skill. An explanation from the teacher or the 

curriculum may guide students toward a deeper understanding, which is a critical part of 

this stage. 

• Elaboration 

In elaboration stage, teachers will challenge and enhance students’ conceptual 

understanding and skills. Students will employ their understanding of the concept by 

conducting additional activities. They will develop deeper and broader understanding, 

more information, and sufficient skills through new experiences. 

• Evaluation 

Evaluation stage will encourage students to assess their understanding and 

abilities. Besides, teachers will evaluate student progress toward achieving the 
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educational objectives. Teachers may apply an informal evaluation at the beginning and 

throughout the 5E sequence and complete a formal evaluation after the elaboration stage. 

2.2 Four perspectives on learning environments 

Society requires more from today’s schools than was required in the past. 

Students need to be able to identify and solve problems and make contributions to society 

throughout their lifetime. Meeting these requirements demands rethinking what is taught, 

how it is taught, and how it is assessed. The National Research Council (1999) proposed 

four perspectives on learning environments that are conceptualized as a system of 

interconnected elements which commonly support one another. They are as follows: 

• Learner-centered environments are those that build on knowledge, skills, 

attitudes, interests, and beliefs of students, individually and collectively. They 

aim to help students make connections between their previous knowledge and 

their current academic tasks. 

• Knowledge-centered environments are those that build students’ 

understanding of key ideas in a domain and their use to solve problems. They 

aim to help students learn with understanding and develop interconnected sets 

of knowledge and skills. 

• Assessment-centered environments are those that provide students with 

frequent opportunities to display and use their knowledge and provide them 

with feedback which they can use to improve their learning. They aim to 

support students with assessments that enhance understanding and do not 

focus only on memory for facts and procedures. 
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• Community-centered environments are those in which members (students, 

teachers, parents, etc.) share learning goals and engage in joint activities. The 

term “community-centered” refers to several aspects of community, including 

the classroom, the school, and the connections between the school and the 

larger community of homes, businesses, states, the nation, and even the world. 

It is quite obvious that the BSCS’s 5E Model complies, in general, with these four 

perspectives on learning environments. However, the BSCS’s 5E Model should also 

encourage students to work collaboratively in group. Moreover, teachers must be 

encouraged to play the role of coach, providing guidance and support for students in each 

stage of the model. They also need to give frequent and immediate feedback to students. 

2.3 Improving students’ learning via feedback and class discussion 

Normal teaching and assessment often are unsuccessful in revealing students’ 

thinking to both the students and the teacher (Schwartz & Bransford, 1998). If the 

understandings and inferences of students are not made obvious, teachers may miss the 

opportunity to challenge student preconceptions and provide them occasions to build new 

knowledge. This may allow them to understand only superficially (Bransford, et al., 

2000). 

Students come to science class with a variety of ideas about scientific phenomena. 

These initial ideas are often referred to as naive conceptions or intuitive conceptions 

because they are grounded in daily observations and personal experiences. Researchers 

also refer to these initial student ideas as misconceptions because they are inconsistent 

with normative scientific theories and principles (Hestenes, 1987). 
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Misconceptions often have some resistance to change (Clement, 1993). Just 

telling students the right answers will not make them change their initial ideas about 

science. Constructivist theory supports the idea that to understand something, the learner 

must actively engage with interpretations, and link them with prior knowledge, classroom 

experiences, and everyday experiences (Lewis, 1996). Some instructional activities and 

assessment procedures have to be implemented to encourage students to change their 

intuitive ideas toward accepted scientific ideas (Brown & Campione, 1996; Guskey, 

2003). They need to be provided with opportunities that allow them to confront their 

misconceptions and build new ones closer to current accepted scientific principles. 

Formative assessment through feedback can create significant learning gains and 

facilitate conceptual changes (Black & Wiliam, 1998; Guskey, 2003; Paschal, 2002). The 

process of negotiating shared meanings between teacher and students is also essential to 

make common knowledge in the classroom and reach consensus without coercion. In 

addition, teachers can provide scaffolding for students’ learning as they construct new 

implications and persuasive arguments (Driver, et al., 1994; Vellom & Anderson, 1999). 

However, long delays in feedback lead to fluctuations and inefficiencies in the 

learning process. They also limit the value of formative assessment defined as an 

assessment particularly intended to provide feedback on performance to improve and 

accelerate learning (Sadler, 1998). As an example, consider the student who, while 

studying in class, arrives at an understanding of concepts that is incorrect. Without 

immediate feedback, this misconception can become somewhat fixed in the student’s 

memory and remain uncorrected (Paschal, 2002). 
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To acknowledge intuitive conceptions during instruction, and capitalize on the 

social aspects of learning via class discussion is another approach to improve students’ 

learning and promote conceptual change. This view integrates students’ prior knowledge, 

consistent with constructivist models of learning, while acknowledging the social context 

of learning (Lewis, 1996). Students can learn new interpretations of ideas, critique and 

revise peer ideas, find personal utility for ideas to explain scientific phenomena, and 

converge on correct ideas through social construction of knowledge. They can learn a 

great deal from each other, both in terms of content knowledge and skills as well as 

appropriate social interactions (Vellom & Anderson, 1999). 

Nonetheless, the social context of traditional or face-to-face class discussion can 

stifle debate, privilege teachers’ views and favor boys. Group dynamics and peer 

influences can lead students to regress in their reasoning. When working in groups, 

students may feel social pressure to take on the views of their peers at least superficially, 

yet they do not change their views or understand the views of others (Salomon, et al., 

1989). Research suggests that teachers also can sustain inequitable classroom practices in 

large group discussions of classroom practices, calling on boys more often than girls in 

math or science classes and elaborating more on male responses than female responses 

(Jones & Wheatley, 1990). Compared to male students, female students contribute less to 

class discussion and frequently encounter criticism based on the normative view that 

science is a male domain (Baker, 1987). Females express fear about participating in 

whole-class discussions, as well as other activities requiring discussion (Guzzetti & 
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Williams, 1996). These issues related to class discussion can hardly fortify students’ 

conceptual changes. 

To solve the problem of delayed feedback and traditional class discussion, 

researchers have harnessed developments in information and communication 

technologies to help support the management of interaction and discussion in classes. 

Several technologies have been developed to enhance learning through computer-

mediated communication and social collaboration. These efforts are largely influenced by 

a social-constructivist reform in the education community to transform instructional 

practices and the nature of class discussion from knowledge transmission (teacher to 

student) to knowledge transformation in which students take more responsibility 

constructing their own understanding (Driver, et al., 1994). 

2.4 Integrating technology into science curriculum 

Various educators have written a number of books and articles that address best 

practices for the integration of science curriculum. The International Society for 

Technology in Education (ISTE) developed the National Educational Technology 

Standards (NETS) book for teachers to provide guidance in implementing the effective 

use of technology (ISTE, 2003). The book was not designed to provide examples of the 

integration of cutting edge technology. Rather, it was designed to use technology that was 

already often employed in the average classroom. The book is organized by grade levels 

and presents hardware and software used in science. The list of the hardware and 

software in each educational level is displayed in Table 2.1. 
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Table 2.1. Some technology in each level of science education (ISTE, 2003) 

Level Hardware Software 

Early Childhood Computers with Internet 

connections, Digital cameras, 

Presentation system, 

Magnification devices 

Multimedia presentation 

software 

Elementary Education PDAs or laptop computers with 

scientific probeware to collect 

environmental data, Digital 

cameras, Computers with Internet 

connections, Scanners, CD-ROM 

burners 

Database software, 

Presentation software, 

Web editing software, 

Image software, Concept 

mapping software 

Middle School 

Education 

Computers with Internet 

connections, Motion detectors, 

Graphing calculators and/or 

computers attached to motion 

detector probes 

Graphing and/or data 

collecting software 

appropriate for the probes 

being used, Presentation 

software, Web editing 

software, Concept 

mapping software 

Secondary Education Computers and/or graphing 

calculators with scientific 

probeware 

Graphing software, 

Spreadsheet software, 

Presentation software, 

Data recording/depicting 

software associated with 

probes 

 

However, Papanastasiou et al. (2003) argued that the application of technology 

itself does not have a positive or negative impact on the science achievement of students. 
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Educators cannot expect that the achievement level of students will increase 

spontaneously when technology is applied in classes. To integrate technology into 

science curriculum effectively, teachers first must be able to use technology themselves 

and then be able to integrate technology into their teaching in authentic and 

developmentally appropriate ways that benefit all students. Vrasidas and McIsaac (2000) 

suggested that pre-service teachers need to be well prepared before ever entering a 

classroom, while in-service teachers need to strengthen their knowledge and skills. They 

need time to develop skills, become proficient, and reflect on technology-based learning 

methods. Furthermore, teachers need time and incentives to engage in continuing 

professional development with technology. 

 Flick and Bell (2000) proposed guidelines for using technology in science in 

order to provide educations with support in designing instruction and conducting 

applications of technology. Their guidelines consist of five principles that can be adapted 

for science teachers: 

• Technology should be introduced in the context of science content 

 This principle emphasizes the notion that technology should be introduced and 

demonstrated in the context of meaningful science. The purpose of integrating 

technology into science curriculum is to support the learning of science. Teaching 

technology skills and then trying to find science topics for which they might be useful 

conceals science learning. It could also make science appear to be an afterthought. 
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• Technology should address worthwhile science with appropriate pedagogy 

 Teaching science for understanding requires students to be active participants. 

This means that students have to engage in asking questions, examining and reasoning, 

collecting and interpreting data, and formulating conclusions. They must have 

opportunities to do science, in addition to learning the facts and concepts of science. 

Therefore, technology integration should support this by improving the learning of 

worthwhile science concepts and process skills, as well as indicate the nature of science. 

Moreover, technology-related activities should be appropriately linked to student 

experiences and facilitate student-centered, inquiry-based learning. 

• Technology instruction in science should take advantage of the unique 

features of technology 

 Science teaching should take advantage of the capabilities of technology and 

expand instruction beyond what can be done without technology. If it cannot do this, it 

should not be used. Technology needs to be viewed as a means of supporting students to 

investigate science content in more depth and in more interactive ways. However, it is 

critically important that technology not be a distraction from science learning. Taking 

advantage of technology does not mean using technology to teach the same science 

content in the same ways as they are taught without technology. Integrating technology 

into tasks that are more easily or more effectively achieved without technology may be 

an obstacle to learning. 
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• Technology should make scientific views more accessible 

 Many science concepts are often difficult for students to understand. The 

appropriate uses of technology for visualization, simulation, modeling, and multiple 

representations can make science concepts more accessible. Nevertheless, when teachers 

use technologies as models for real phenomena, it is important that they make students 

realize that these are still only models. 

• Technology instruction in science should develop understanding of the 

relationship between technology and science 

 Science teaching should include the concept of technology as knowledge (not 

necessarily scientific knowledge) used to manage the natural world. It should also focus 

on the interactions between technology and science. Technology integration into science 

curriculum should exhibit the relationship between science and technology to students. 

Students should appreciate how advances in science drive new technologies and how new 

technologies drive advancements in scientific knowledge. 

There are a number of obstacles to teachers’ integration of technology. O’Bannon 

and Judge (2004) described several of these including: (a) limited or outdated access to 

technology; (b) insufficient technology skills; (c) lack of interest or knowledge; and (d) 

minimal support. 

• Limited or outdated access to technology 

Although most schools have access to technology, many computers in these 

schools are obsolete and not able to run current software programs, or do not have some 

essential hardware parts. In addition, some computers are underused or used 
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inappropriately. Unless teachers have access to current technologies and technology-

equipped classrooms, they cannot use technology to its utmost potential. 

• Insufficient technology skills 

Despite adequate access to technology, teachers cannot integrate technology 

effectively if they are not sufficiently trained. Training must support teachers to develop 

understanding in actual settings with real learning assignments. It must also be consistent 

and expand over time so that teachers can fortify their skills. 

• Lack of interest or knowledge 

Some teachers lack interest or knowledge about technology or how to integrate 

into their classrooms. An important reason is the restriction of time. Teachers need to be 

provided with extra time for learning, developing, and implementing technology. 

Rewards and incentives, such as release time and additional pay, may provide teachers 

with enough motivation for investing their time. 

• Minimal support 

Technical support must be provided by schools consistently. This is because 

teachers usually do not have time or trouble-shooting skills to tackle technical problems. 

Teachers also need instructional support through collaboration with colleagues, or pairing 

with mentors. However, the most important factor to teachers’ success of integrating 

technology is the support from school administrators since they can provide all kinds of 

support that teachers need (e.g., access to technology, training, release time, additional 

pay, technical support, etc.). 
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Roschelle et al. (2000) have elaborated two more key elements that have a major 

impact on the effective integration of technology for teaching and learning: curriculum 

type and student assessment. 

• Curriculum type 

Technology can be used by teachers to support the traditional curriculum through 

drill-and-practice applications. It can also be integrated most effectively into the modern 

curriculum to enhance the learning of more complex skills and concepts. These 

implementations are mainly dependent on the type of curriculum adopted by schools. 

• Student assessment 

One of the most influential obstacles to introducing technology in classrooms is 

the emphasis on student performance on state-mandated assessments and the mismatch 

between the content in these assessments and the kinds of higher-order learning that can 

be facilitated by technology. This mismatch creates a difficulty for teachers to 

demonstrate the explicit contribution of technology in developing students’ abilities to 

reason and understand concepts in depth. It results in less appreciation of the influence 

technology can have on learning. 

2.5 Related research on technology integration 

Roschelle et al. (2000) have undertaken a comprehensive review of current 

literature considering the effective use of technology in a wide range of educational 

contexts. Over 80 sources are cited in the review including teacher surveys, standardized 

test performance, student self-reports, and meta-analytic reviews. The general findings 
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show that technology can provide support for students’ learning in four major 

dimensions: 

• Active engagement 

Although active, constructive learning can be introduced in classrooms without 

technology, the key features of technology make it a useful tool for this type of learning. 

Technology such as simulations, multimedia, graphing software, and presentation 

software can enhance students’ active involvement in the learning process. 

• Collaborative learning 

Networking technology such as Internet and online digital videos allow a wide 

range of collaborative activities in schools. They can enhance classroom conversations 

that increase students’ understanding of the subject. Reports from researchers and 

teachers show that students who participate in these technology activities demonstrate 

increased motivation, deeper understanding of concepts, and increased attention to 

solving difficult problems. 

• Real-world contexts 

Technology can provide students with a distinctive tool for applying concepts in 

various contexts, especially in the real-world. Internet and Web databases can give 

students opportunities to actively participate in experimentation, design, and reflections 

that professionals normally do, with access to the same tools they use. 

• Frequent and immediate feedback 

Networking technology and electronic communication systems can promote rapid 

interaction and feedback. They can extend students’ learning periods and create more 
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time for the teacher to provide feedback to students individually. In some cases, 

technology (e.g., computer-assisted feedback programs) can also be used to analyze each 

student’s performance and reasoning process. 

Edelson, et al. (1996) created the Collaboratory Notebook that allows students to 

learn through collaborative and open-ended activities tailored for inquiry-based science 

learning. The Collaboratory Notebook is implemented as a networked, hypermedia 

database. Students might pose an initial question in the Notebook, link it to competing 

conjectures that respond to it, and then outline plans for investigating them. As they 

obtain evidence for or against, they may link their evidence to the conjectures. This 

framework provides students with a structure for organizing their open-ended inquiry 

activities and communications. 

The results demonstrated that the Collaboratory Notebook provides a much 

shorter feedback cycle between work performed by the student and guidance from the 

teacher than is possible in a pencil-and-paper environment. The Notebook gave 

opportunities for teachers to monitor students’ progress more closely, and to guide their 

work earlier and less hastily. This Notebook also encouraged students in more real 

practices in inquiry-based science and scientific discourse that can lead to conceptual 

change (Edelson, et al., 1996). 

Carl Bereiter and Marlene Scardamalia’s Computer Supported Intentional 

Learning Environment (CSILE) is another successful project using networks to promote 

science learning. It supports collaborative learning and inquiry by allowing students and 

teachers to create a communal database. Students can enter text and graphic notes into the 
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database on any topic their teacher has created. All students on the network can read the 

notes and students may build, or comment on, each others’ ideas (Cohen & Scardamalia, 

1998). 

Cohen and Scardamalia (1998) found that students who rarely spoke in face-to-

face discussions participated significantly more often in the CSILE. They also found that 

students who participated in CSILE discussions in addition to face-to-face conversations 

expressed more reflective thinking compared to those who only participated in face-to-

face discussions. Moreover, students using CSILE showed gains in monitoring their own 

ideas, and significant progress in monitoring others’ ideas. They improved their 

metacognitive skills and ability to make credible judgments about other students’ 

assertions. 

2.6 Classroom communication system 

An innovative technology, which is maturing and further increasing the likelihood 

of pervasive adoption, is a classroom communication system. It is becoming commonly 

available from many vendors such as “Personal Response System; PRS” from Educue 

LLC, “Classroom Performance System; CPS” from eInstruction, “TI-Navigator” from 

Texas Instruments, and “Interactive Presenter” from Dolphin Interactive (Paschal, 2002; 

Roschelle, et al., 2004a). This technology can make students’ thinking visible and help 

teachers provide meaningful learning experiences; scaffolding; and tailored instruction to 

meet specific needs of students (National Research Council, 1999). 

Roschelle, et al. (2004a) defined a classroom communication system as a 

combination of networking hardware (computers or hand-held devices) and software to 
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provide displays that show what students are doing, thinking and understanding, and to 

expand an interaction loop between teacher and students in the classroom. It has been 

developed to enhance questioning and feedback, to stimulate and oversee the 

participation of all students, to support discussions of important concepts, and to 

empower students’ thinking. It overcomes one of the greatest obstacles to improving 

classroom assessment: the collection, management, and analysis of data. It helps the 

teacher to provide frequent formative assessment to all students. Educators across grade 

levels and subject matters have frequently found that classroom communication systems 

enable them to focus on students’ prior knowledge, address conceptual understanding, 

motivate students, and promote group discussion. 

Another example of a classroom communication system is the HubNet discussion 

tool (see Figure 2.1). It is a free software developed by Uri Wilensky and Walter Stroup 

(Wilensky & Stroup, 1999) with funding from the National Science Foundation (NSF). 

This software is used with networked computers in the classroom to enhance students’ 

learning. It allows teachers to prepare questions in advance or introduce new questions 

during class. The teachers can collect students’ text or numerical responses, and display 

the whole-class responses in various formats including lists, text, histograms of numerical 

or letter responses. The teachers can also save the results as web pages and send back to 

students. In addition, the software offers an anonymous option for students to answer 

questions. 
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Figure 2.1. The HubNet discussion tool (Wilensky & Stroup, 1999) 

 
Clearly, classroom communication systems can make a difference. However, all 

reports to date strongly suggest that teacher implementation, not the technology, is the 

primary cause of students’ improved performance (Roschelle, et al., 2004a). A model 

called CATAALYST or “Classroom Aggregation Technology for Activating and 

Assessing Learning and Your Students’ Thinking” was proposed by Roschelle and his 

colleagues (Roschelle, et al., 2004a). Their model addresses an integration of technology 

with instructional strategy. Three key features of the model are allowing the teacher to 

more efficiently and effectively (1) introduce an investigative question at the essence of 

the subject matter, (2) collect student responses immediately and anonymously, and (3) 
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rapidly compile a public, aggregate display (e.g. a histogram) that makes prominent the 

diversity in the group’s ideas without revealing individual contributions. 

Roschelle, et al. (2004a) demonstrated two instructional strategies in their model; 

Peer Instruction’s Cycle and Class-wide Discussion’s Cycle. Peer Instruction’s Cycle is a 

part of Peer Instruction created by Harvard University Professor Eric Mazur, while Class-

wide Discussion’s Cycle is a part of Class-wide Discussion developed by the Physics 

Education Research Group (PERG) at the University of Massachusetts Amherst. 

In Peer Instruction’s Cycle, a concept question is posed by a teacher to students 

with time for them to think. Then, students provide their answers and receive feedback. 

Next, students try to reach agreement with their neighbors and provide their revised 

answers for feedback again. Finally, the teacher summarizes and explains a correct 

answer (Mazur, 1997). In Class-wide Discussion’s Cycle, it begins with small group 

discussion (peer discussion) of the concept question posed. Then, students provide 

individual or group answers and receive feedback. Next, students engage in class-wide 

discussion facilitated by a teacher. At the end, the teacher summarizes and explains a 

correct answer (Dufresne, et al., 1996). 

Nicol and Boyle (2003) compared the effects of Peer Instruction’s Cycle and 

Class-wide Discussion’s Cycle on students’ experiences of learning. The findings 

indicated that Peer Instruction’s Cycle was appreciated by students as more helpful to 

learning than Class-wide Discussion’s Cycle. In addition, Peer Instruction’s Cycle 

seemed to be less likely to run into some of the difficulties and less demanding on the 

teacher. With Class-wide Discussion’s Cycle, students could easily become confused 
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when the class responses were distributed across a number of multiple-choice alternatives 

and each of these alternatives became the subject of class discussion. Also, students were 

more likely to lose interest and motivation when the class discussion was too long. 

Moreover, the teacher must facilitate interaction across several small groups in Class-

wide Discussion’s Cycle so that the teacher’s extensive skills were needed for classroom 

management. 

2.7 Related research on classroom communication system 

Many teachers and students were interviewed about a classroom communication 

system called Classtalk they were using in their mathematics and science class. The 

findings revealed that Classtalk is a valuable tool not only for engaging students in active 

learning but also for improving overall communication within the classroom. It makes 

students’ thinking visible to both the students and the teacher. In addition, teachers could 

give students immediate feedback on concept tests and manage class discussions more 

easily. Students were also positive about Classtalk-facilitated learning. They felt that they 

had learned more during a class with Classtalk than during a traditional lecture class 

(Dufresne, et al., 1996; Bransford, et al., 2000). 

Mazur and his colleagues at Harvard University applied Peer Instruction with a 

classroom communication system in the calculus- and algebra-based introductory physics 

courses. The longitudinal research indicated increased student mastery of both conceptual 

reasoning and quantitative problem solving (Mazur, 1997; Crouch and Mazur, 2001). 

However, Mazur (1997) indicated that the success of Peer Instruction is independent of 
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the technology suggesting that the classroom communication system is unnecessary for 

Peer Instruction to increase student mastery. 

Roschelle, et al. (2004b) examined 26 studies that report benefits from early 

implementations of the classroom communication system. The major benefits reported in 

these studies are greater student engagement, increased student understanding of complex 

subject matter, increased student interest and enjoyment, heightened discussion and 

interactivity, increased student awareness of individual levels of comprehension, and 

increased teacher insight into student difficulties. 

An extensive review by Fies and Marshall (2006) found 16 implementation 

studies that report benefits of the classroom communication system. Most frequently 

reported benefits include perceptions of class meetings being more interactive, more 

engaging, and more enjoyable. In addition, the reviewers discovered that both instructors 

and students who used the classroom communication system become more aware of the 

condition of the students’ understanding, leading to more responsive instruction and to 

better student understanding. 

The Department of Mechanical Engineering at the University of Strathclyde in 

Scotland introduced Mazur’s (1997) Peer Instruction with a classroom communication 

system called Electronic Voting System (EVS) to support assessment practices in 

mechanical engineering. Comprehensive evaluations were performed and showed 

significant learning gains. The changes were a success both in terms of student end-of-

year exam performance and in terms of retention. The drop out rate was also reduced 

from 20% to 3% (Nicol, 2007). 
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Penuel, et al. (2007) conducted a large-scale survey on teaching with the 

classroom communication system in elementary and secondary education settings. 

Teachers at all grade levels from schools and districts across the United States were 

asked to complete an online questionnaire. The findings from 584 teachers indicated that 

they appreciate the effects of the classroom communication system on enhancing 

classroom environment and improving feedback on learning. 

An online survey at Purdue University was administered to measure student 

perceptions of a classroom communication system called Audience Response 

Technology (ART) in large lecture classes. A total of 854 students from three different 

courses - communication, natural resource conservation, and business - completed the 

survey. The findings suggested that ART is easy to use, enjoyable, beneficial to learning, 

and encouraging of class attendance (MacGeorge, et al., 2008). 

Overall, most existing studies seem to focus on teachers’ and students’ 

appreciation and attitudes toward using the classroom communication system. Only a few 

studies concentrate on the impacts on students’ understanding such as increased test 

scores or improved performance. In addition, it appears that none of the studies has 

appropriately controlled comparisons in which the only difference is the use, or lack of 

use, of the classroom communication system (Fies & Marshall, 2006). These studies 

suggest the need to further investigate the effects of the classroom communication system 

on students’ understanding with the appropriately controlled comparison (Fies & 

Marshall, 2006). The major goal of the present study is to provide such an investigation 

to the small body of knowledge already in existence. 
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CHAPTER THREE 

PILOT STUDY 

This chapter describes the pilot study conducted to examine the effects of a 

technology-enhanced inquiry instructional model on students’ understanding of science 

in Thailand. A mixed quantitative research design (Gall et al., 2006) was selected for the 

research design. A pretest-posttest control-group design was implemented for the 

experimental research. A causal-comparative design using questionnaire and classroom 

observation was employed for the non-experimental research. 

3.1 Study site 

The pilot study was conducted at a large private school in Bangkok, Thailand. 

The school has operated as a non- profit organization. Currently, there are more than 

4,300 students from kindergarten to ninth grade with about 300 teachers. Most students in 

the school come from middle-class and well-to-do families. The majority of the parents 

are government officials and businesspersons. The school has been awarded many prizes 

and is also the leadership school for teaching and learning science and mathematics. 

A sixth-grade classroom with 46 students was randomly selected for the study. 

Students in the classroom were randomly divided into two groups: a group of 24 students 

and a group of 22 students. The group of 24 students receiving the technology-enhanced 

inquiry instructional model was used as the experimental group, while the group of 22 

students only receiving the inquiry instructional model was used as the control group. 

Both groups of students were taught by the same science teacher for the same amount of 

time. She has 7 years of teaching experience and holds a bachelor’s degree in education 
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with a science major. She also serves as the head of science department at the primary 

level (grades 1 – 6) of the school. 

3.2 Materials 

Three main assessment instruments - the subject matter pretest and posttest, the 

observation form and rubric, and the attitude questionnaire - were employed to answer 

the research questions in the pilot study. Also, some hardware and software were 

implemented. They are described in greater detail in the sub-sections that follow. 

3.2.1 Subject matter pretest and posttest 

The science teacher adopted 15 similar test items from the school’s test bank that 

conform to the Thai national science content standards on electric circuits for both the 

pretest and posttest. These items were designed to measure students’ understanding of 

electric circuits and were used to compare subject-matter knowledge of students in the 

control group only receiving the inquiry instructional model with those in the 

experimental group receiving the technology-enhanced inquiry instructional model. All 

of the 15 test items are displayed in Part 1 of Appendix A. 

3.2.2 Observation form and rubric 

 The observation form for evidence of student learning adapted from “Observing 

for evidence of learning” by RMC Research Corporation (2004) and the lesson 

observation rubric adapted from “Lesson observation rubric” by School of Education 

Dean’s Office, The College of New Jersey (2007) were employed to observe the science 

teacher and students in both groups of the study. The structures of the observation form 
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for evidence of student learning and the lesson observation rubric are shown in Appendix 

B and C respectively. 

3.2.3 Questionnaire 

A questionnaire designed to determine students’ attitudes toward using the 

technology-enhanced inquiry instructional model in the science classroom was applied in 

the study. The components of the questionnaire are depicted in Appendix D (the last item 

had not been included in the pilot study but was added in the main study to examine 

students’ preference on the technology-enhanced inquiry instructional model). 

3.2.4 Hardware and software 

In the pilot study, Wilensky and Stroup’s (1999) HubNet discussion tool software 

was installed into nine networked computers including the teacher’s computer. In 

addition, a projector and a screen were used to display the teacher’s questions and the 

students’ responses. 

3.3 Methods 

Students in both the control group and experimental group were taught about 

electric circuits by the same science teacher. But for 24 students in the experimental 

group, they were divided into eight groups of three students and were taught in a 

computer laboratory. In addition, they were guided on use of Wilensky and Stroup’s 

(1999) HubNet discussion tool with networked computers before the class began. In 

contrast, 22 students in the control group were divided into six groups of three students 

and one group of four students. They were taught in a science laboratory and did not 

receive any information about Wilensky and Stroup’s (1999) HubNet discussion tool. 



 30

The electric circuit lesson consists of 3 main parts: (a) static electricity; (b) 

electric current; and (c) conductors and insulators. Each part takes 50 minutes or one 

period to complete. The teacher taught each group of students one period per day for 3 

days to accomplish all parts of the lesson. The lesson plans for this electric circuit lesson 

are presented in Appendix E. The teacher implemented an inquiry instructional model 

called the 5E Model (BSCS, 2006) as a major instructional strategy in these lesson plans. 

It consists of five stages: engagement, exploration, explanation, elaboration, and 

evaluation. However, the main emphasis was on the evaluation stage where Peer 

Instruction’s Cycle (Mazur, 1997) was incorporated. During this stage, the teacher posed 

questions on the projector screen and provided time for students to discuss within group, 

then all groups provided the answers to the teacher and received feedback. Next, each 

group tried to reach agreement within the group and provided the revised answers again 

for feedback. Finally, the teacher summarized and explained the correct answers. 

Students in the experimental group sent their answers to the teacher via the classroom 

communication system. In contrast, students in the control group gave their answers 

verbally. 

Three main types of data gathering procedures were also employed in the pilot 

study – the pretest/posttest procedure, the observation procedure, and the survey 

procedure. 

• Test procedure 

At the beginning of the study, students in both the control group and experimental 

group took the pretest. These students took the same test again at the end of the study as a 
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post measure. The one-way analysis of variance (ANOVA) at alpha level .05 was used to 

analyze the data. 

• Observation procedure 

During the study, the classroom observation for evidence of student learning was 

applied to observe students in both the control group and experimental group. Also, the 

lesson observation rubric was employed to observe the science teacher for consistency of 

teaching in both groups of students. 

• Survey procedure 

At the end of the study, a questionnaire survey was introduced to students in the 

experimental group to gather information regarding their attitudes toward using the 

technology-enhanced inquiry instructional model in the science classroom. 

3.4 Results and findings 

 The purpose of the pilot study is to examine the effects of a technology-enhanced 

inquiry instructional model on students’ understanding of science in Thailand. The 

research questions include: 

• Does the technology-enhanced inquiry instructional model improve students’ 

understanding of science in Thailand? 

• What are students’ attitudes toward using the technology-enhanced inquiry 

instructional model in the science classroom? 

 To answer the first question whether or not the technology-enhanced inquiry 

instructional model improves students’ understanding of science in Thailand, the posttest 

scores of students in the control group and those in the experimental group were 



 32

compared and analyzed using the one-way analysis of variance (ANOVA) at alpha level 

.05. Also, the pretest scores of students in the control group and those in the experimental 

group were compared and analyzed using the one-way ANOVA at alpha level .05 to 

check the validity of the random sampling process when students in the classroom were 

divided into two groups. 

 The results from the one-way ANOVA showed that there is no significant 

difference at alpha level .05 between the mean of posttest scores of the control group and 

that of the experimental group. Also, there is no significant difference at alpha level .05 

between the mean of pretest scores in the control group and that in the experimental 

group. The details of these ANOVA results can be viewed in Appendix G2 and G1 

respectively. For the pretest and posttest scores of each individual student in both the 

control group and experimental group, they are presented in Appendix J. Additionally, 

the pretest and posttest means of both groups are displayed in Table 3.1. 

 
Table 3.1. Pretest and posttest means 

 Pretest means 

(Total of 15) 

Posttest means 

(Total of 15) 

Control group 10.18 10.86 

Experimental group 11.04 11.38 

 

To gather additional data about the first question about whether or not the 

technology-enhanced inquiry instructional model improves students’ understanding of 

science in Thailand, the classroom observation was also applied to observe students in 

both the control group and experimental group for evidence of student learning. 



 33

Furthermore, the lesson observation rubric was employed to observe the science teacher 

for consistency of teaching in both groups of students. 

The findings from the classroom observation for evidence of student learning 

suggested that all students in both the control group and experimental group were well 

aware of the purpose of each lesson activity. They were engaged in practice of important 

skills and in activities that supported the full range of visual, auditory, and kinesthetic 

learning styles. They were also cognitively challenged in that the lesson required 

reasoning, and/or sense-making appropriate to their age and development. 

In the meantime, most students in both groups could explain their reasoning or 

provide evidence to support their conclusions. They had discourse that helped them 

construct a conceptual understanding of the content. They also responded to open-ended 

questions that encouraged divergent thinking. They could use vocabulary specific to the 

content of the lesson with understanding. Moreover, they had closure that enabled them 

to process and construct meaning from the lesson. 

 There are two traits that students in both groups did not have in common. First, 

most students in the experimental group and some students in the control group 

articulated their current understanding of the concept and could relate the content to other 

subjects/topics or apply the content to real-world contexts. Second, most students in the 

experimental group and some students in the control group were actively and 

constructively collaborating on tasks relevant to the content. 

 The findings from the lesson observation rubric indicated that the lessons for both 

the control group and experimental group showed content competence and had clear 
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objectives with appropriate choice from the teacher. Each lesson also applied for all 

students in both groups and had an inspirational beginning related to lesson objectives 

that is effective in capturing students’ attention. The teacher was highly effective in 

maximizing instructional time and encouraging student autonomy in the distribution and 

use of materials. Moreover, transitions were smooth and logical. She generally used 

transitions within the lesson as learning opportunities and successfully used questioning 

techniques to gauge and deepen students’ understanding. During the observations, it was 

obvious what she was assessing and how it was measured to let her know whether all 

students had learned. In addition, she listened carefully to students’ ideas and 

contributions. Student to student listening was facilitated by her as well. She reacted to 

students’ ideas with flexibility, respect, and humor. She also acknowledged individual 

differences in student behaviors with respect. She productively closed the lesson by 

encouraging student reflection about what was learned, and then provided connection to 

the upcoming lesson. She was masterful in maintaining positive and appropriate 

classroom control with a minimum of disruptions. 

Nonetheless, based on observations, students in the control group seemed to be 

less interested and curious about the lesson than those in the experimental group. 

Moreover, the teacher was able to utilize materials and technology to support the 

assessment during the evaluation stage of the BSCS’s 5E Model in the experimental 

group more potentially when she implemented the technology-enhanced inquiry 

instructional model. Wilensky and Stroup’s (1999) HubNet discussion tool, the software 

used in the technology-enhanced inquiry instructional model, was able to overcome one 
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of the greatest obstacles to improving classroom assessment: the collection, management, 

and analysis of data. It also offered anonymity for students to answer questions without 

the worry of peer influence and humiliation. As a result, the assessment for the 

experimental group appeared to be more student-friendly than that for the control group. 

 To answer the second question about students’ attitudes toward using the 

technology-enhanced inquiry instructional model in the science classroom, a 

questionnaire survey was conducted at the end of the study with 24 students (eight male 

students and 16 female students) in the experimental group to gather information 

regarding their attitudes toward using the technology-enhanced inquiry instructional 

model in the science classroom. There are five levels of agreement in the Likert scale 

questionnaire: 5 is strongly agree; 4 is agree; 3 is neutral; 2 is disagree; and 1 is strongly 

disagree. The findings from the survey are exhibited in Table 3.2. 

Additionally, some students provided comments on the strengths and weaknesses 

of Wilensky and Stroup’s (1999) HubNet discussion tool, the software implemented in 

the technology-enhanced inquiry instructional model. For the strengths of the tool, some 

students explained that it is a new technology that is fun and easy to understand, as well 

as quick and easy to respond to. It can also display their responses in various formats 

such as text and histogram. It has an anonymous option for them to answer questions 

more comfortably and motivates them to learn. For the weaknesses of the tool, some 

students responded that they could be distracted by other things on the computer such as 

games and websites since the tool must be operated on the network computers which can 

also access to the Internet. Therefore, it is possible for them to play games or surf some 
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of their favorite websites on the Internet while they are using this tool. In addition, some 

students did not recommend applying this tool after every lesson. 

 
Table 3.2. Mean scores for all students and by gender of students’ attitudes toward using 

the technology-enhanced inquiry instructional model in the science classroom 

Means (Total of 5) 

Items 
Male Female 

All 

Students 

Simple and easy to use (in terms of technology) 4.25 4.63 4.50 

Increasing subject interest 4.00 4.19 4.13 

Supporting class participation 3.75 3.75 3.75 

Enhancing subject understanding 4.13 4.13 4.13 

Improving environment for teaching and learning 4.25 4.63 4.50 

Increasing teacher insight into student difficulties 4.25 4.31 4.29 

Supporting collaborative learning 4.38 4.50 4.46 

Suitable for this class 4.50 3.94 4.13 

Necessary for this class every time 3.38 3.81 3.67 

 

3.5 Discussion 

For the first question – Does the technology-enhanced inquiry instructional model 

improve students’ understanding of science in Thailand?, the results from the one-way 

analysis of variance (ANOVA) showed that there is no significant difference at alpha 

level .05 between the mean of posttest scores in the control group and that in the 

experimental group. In other words, the posttest scores of students only receiving the 

inquiry instructional model and the posttest scores of students receiving the technology-

enhanced inquiry instructional model are not statistically different. Besides, there is no 
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significant difference at alpha level .05 between the mean of pretest scores in the control 

group and that in the experimental group. This implies that students in both groups came 

from the same population and therefore confirms the validity of the random sampling 

process. 

 If the one-way ANOVA results are the only analysis, it might be implied that the 

technology-enhanced inquiry instructional model does not improve students’ 

understanding of science in Thailand. Nonetheless, other findings should be scrutinized 

as well. The findings from the classroom observation for evidence of student learning 

revealed that more students in the experimental group than those in the control group 

could accurately articulate their current understanding of the concept and could relate the 

content to other subjects/topics or apply the content to real-world contexts. Also, more 

students in the experimental group than those in the control group were actively and 

constructively collaborating on tasks relevant to the content. In addition, the findings 

from the lesson observation rubric suggested that students in the control group seemed to 

be less interested and curious in the lesson than those in the experimental group. With 

these findings, it might be claimed that the technology-enhanced inquiry instructional 

model has some positive effects on students’ understanding of science in Thailand. 

 For the second question – What are students’ attitudes toward using the 

technology-enhanced inquiry instructional model in the science classroom?, the findings 

from the questionnaire survey suggested that most students have good attitudes toward 

using the technology-enhanced inquiry instructional model in the science classroom. The 
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majority of students agreed or strongly agreed that the technology-enhanced inquiry 

instructional model: 

• Is simple and easy to use (in terms of technology) 

• Increases subject interest 

• Enhances subject understanding 

• Improves environment for teaching and learning 

• Increases teacher insight into student difficulties 

• Supports collaborative learning 

• Is suitable for their science classroom 

Also, they were neutral or agreed that this model supports class participation and 

is necessary to be implemented every time in their science classroom. These findings 

seemed to indicate that the technology-enhanced inquiry instructional model motivates 

students to learn science. 

 This pilot study can be used to guide and direct the main study. But some 

adjustments in research methods and test procedure for the main study are needed to 

reduce or eliminate factors that might affect the results of the study. For example, more 

students will be used for the control group and the experimental group in the main study 

(about 30 – 40 students per group). Also, the time for the main study will be longer 

(about 3 – 5 periods per week for 2 – 3 months). Every student in the experimental group 

of the main study will have their own computer to participate and send individual 

responses to the teacher via the classroom communication system. In addition, the one-

way analysis of covariance (ANCOVA) at alpha level .05 will be added in the main study 
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to analyze the data from the test more effectively. More test items will be provided in the 

main study (about 30 – 40 items) but the pretest items and the posttest items will not be 

the same in order to keep confidentiality of the posttest that will also be a school exam at 

the end of the semester. Nonetheless, both the pretest and posttest will have the same 

level of difficulty since the items in both tests will be selected carefully. The 

posttest/school exam scores will also be counted in students’ grade point averages 

(GPAs) to make students pay more attention to the test. Additionally, the pretest scores 

will be used as the concomitant variable in the one-way ANCOVA to remove any effects 

influencing the posttest scores. 
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CHAPTER FOUR 

RESEARCH DESIGN AND METHODS 

This chapter describes the study site for the research. It also reveals materials, 

methods and procedures that were used to collect data to examine the effects of a 

technology-enhanced inquiry instructional model on students’ understanding of science 

in Thailand. A mixed quantitative research design (Gall et al., 2006) was selected for the 

research design. A pretest-posttest control-group design was implemented for the 

experimental research. A causal-comparative design using questionnaire and classroom 

observation was employed for the non-experimental research. 

4.1 Study site 

This study was conducted at a medium-sized public school in Bangkok, Thailand. 

The school was established in 1963 with the area of 2.7 acres and serves the students 

from pre-kindergarten to sixth grade including two classes of special education. 

Currently, there are 684 students (405 males and 279 females) and 42 teachers. Most 

students in the school come from lower middle-class and poor families in the urban area 

and slum of Bangkok. The majority of the parents are blue-collar employees and more 

than a half of them are single parents. The school was chosen because it could provide 

the researcher with sufficient resources and adequate facilities to conduct and complete 

the study. Moreover, the school principal showed a strong support and encouraged 

teachers in the school to learn new things from the study to improve their teaching and 

students’ learning. 
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The school includes of four sixth-grade classrooms; three are normal classrooms 

and one is gifted and talented classroom. Two normal classrooms were randomly selected 

for the study - one as the control group and the other as the experimental group. The 34 

students in the control group were provided only the inquiry instructional model, while 

the 35 students in the experimental group were provided the technology-enhanced inquiry 

instructional model. Both groups of students were taught by the same science teacher for 

the same amount of time. He has more than 30 years of teaching experience and holds a 

bachelor’s degree in education with a science major. He serves as the head of science 

department in the school. 

4.2 Materials 

Three main assessment instruments (the subject matter pretest and posttest, the 

observation form and rubric, and the attitude questionnaire) were employed to answer the 

research questions in this study. Also, some hardware and software were utilized. They 

are described in greater detail in the sub-sections that follow. 

4.2.1 Subject matter pretest and posttest 

The science teacher adopted 30 test items from the school’s test bank that 

conform to the Thai national science content standards for both the pretest and posttest. 

These items were designed to measure students’ understanding of science and were used 

to compare subject-matter knowledge of students in the control group only receiving the 

inquiry instructional model with those in the experimental group receiving the 

technology-enhanced inquiry instructional model. However, the pretest items and the 

posttest items were not the same in order to keep confidentiality of the posttest that was 
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also a school exam at the end of the semester. But with a careful selection, both the 

pretest and posttest appeared to have the same level of difficulty. The posttest/school 

exam scores were also counted in students’ grade point averages (GPAs) to make 

students pay more attention to the test. Additionally, the pretest scores were used as the 

concomitant variable in the one-way ANCOVA to remove any effects influencing the 

posttest scores (Borich, 2007). All pretest and posttest items are displayed in Part 2 and 3 

of Appendix A respectively. 

4.2.2 Observation form and rubric 

 The observation form for evidence of student learning adapted from “Observing 

for evidence of learning” by RMC Research Corporation (2004) and the lesson 

observation rubric adapted from “Lesson observation rubric” by School of Education 

Dean’s Office, The College of New Jersey (2007) were employed to observe the science 

teacher and students in both groups of the study. The structures of the observation form 

for evidence of student learning and the lesson observation rubric are shown in Appendix 

B and C respectively. 

4.2.3 Questionnaire 

A questionnaire was designed to determine students’ attitudes toward using the 

technology-enhanced inquiry instructional model in the science classroom. The 

components of the questionnaire are depicted in Appendix D. 
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4.2.4 Hardware and software 

In this study, Wilensky and Stroup’s (1999) HubNet discussion tool software was 

installed into 36 networked computers including the teacher’s computer. In addition, a 

projector and a screen were used to display the teacher’s questions and the students’ 

responses. 

4.3 Methods 

Students in the experimental group had received guidance in how to use Wilensky 

and Stroup’s (1999) HubNet discussion tool with networked computers in the computer 

laboratory before the study began. The students in the control group did not receive any 

information about Wilensky and Stroup’s (1999) HubNet discussion tool. However, 

students in both groups were taught the same five units of science by the same science 

teacher for 15 weeks (three periods per week). These five units of science were plants, 

animals, life and environment, systems of the human body, and substances. The five 

selected samples of each unit’s lesson plans are presented in Appendix F. In each lesson, 

the teacher implemented an inquiry instructional model called the 5E Model (BSCS, 

2006) as a major instructional strategy. It consists of five stages: engagement, 

exploration, explanation, elaboration, and evaluation. However, the main emphasis was 

on the evaluation stage where Peer Instruction’s Cycle (Mazur, 1997) was incorporated. 

During this stage, the teacher posed questions on the projector screen and provided time 

for students to think, then students provided their answers to the teacher and received 

feedback. Next, students tried to reach agreement with their neighbors and provided their 

revised answers again for feedback. Finally, the teacher summarized and explained the 
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correct answers. Students in the experimental group sent their answers to the teacher via 

the classroom communication system. In contrast, students in the control group gave their 

answers verbally and by showing the number on their fingers. 

Three main types of data gathering procedures were also employed in this study – 

the pretest/posttest procedure, the observation procedure, and the survey procedure. 

• Test procedure 

The one-way analysis of variance (ANOVA) and the one-way analysis of 

covariance (ANCOVA) at alpha level .05 were applied to analyze the data from the 

pretest and the posttest. At the beginning of the study, students in both the control group 

and experimental group took the pretest. These students took another test at the end of the 

semester as the posttest. 

• Observation procedure 

During the study, the classroom observation for evidence of student learning was 

applied to observe students in both the control group and experimental group. Also, the 

lesson observation rubric was employed to observe the science teacher for consistency of 

teaching in both groups of students. 

• Survey procedure 

At the end of the study, a questionnaire survey was introduced to students in the 

experimental group to gather information regarding their attitudes toward using the 

technology-enhanced inquiry instructional model in the science classroom. 
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CHAPTER FIVE 

RESULTS AND FINDINGS 

 The purpose of this study is to examine the effects of a technology-enhanced 

inquiry instructional model on students’ understanding of science in Thailand. The 

research questions include: 

• Does the technology-enhanced inquiry instructional model improve students’ 

understanding of science in Thailand? 

• What are students’ attitudes toward using the technology-enhanced inquiry 

instructional model in the science classroom? 

 To answer the first question whether or not the technology-enhanced inquiry 

instructional model improves students’ understanding of science in Thailand, the posttest 

scores of students in the control group and those in the experimental group were 

compared and analyzed using both the one-way analysis of variance (ANOVA) and the 

one-way analysis of covariance (ANCOVA) at alpha level .05 (the pretest scores of 

students in both groups were also applied as the concomitant variable in the one-way 

ANCOVA). Furthermore, the pretest scores of students in the control group and those in 

the experimental group were compared and analyzed using the one-way ANOVA at 

alpha level .05 to check the validity of the random sampling process and confirm that 

students in both groups came from the same population. 

 The results from both the one-way ANOVA and the one-way ANCOVA showed 

that there is no significant difference at alpha level .05 between the mean of posttest 

scores of the control group and that of the experimental group (see Appendix H2 and H5 
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respectively). In addition, the one-way ANOVA result revealed that there is no 

significant difference at alpha level .05 between the mean of pretest scores in the control 

group and that in the experimental group (see Appendix H1). Nevertheless, the results 

from the one-way ANOVA suggested that there is a significant difference at alpha level 

.05 between the mean of pretest scores and the mean of posttest scores in both the control 

group and experimental group (see Appendix H3 and H4 respectively). The pretest and 

posttest means of both groups and their gains are displayed in Table 5.1. The pretest and 

posttest scores of each individual student in both the control group and experimental 

group are presented in Appendix K. 

 
Table 5.1. Pretest/posttest means and gains 

 
Pretest means 

(Total of 30) 

Posttest means 

(Total of 30) 
Gains (%) p Value 

Control group 12.74 17.59 4.85 (38.07 %) < 0.05 

Experimental group 11.97 17.53 5.56 (46.45 %) < 0.05 

 

To gather additional data about the first question about whether or not the 

technology-enhanced inquiry instructional model improves students’ understanding of 

science in Thailand, the classroom observation was also applied to observe students in 

both the control group and experimental group for evidence of student learning. 

Furthermore, the lesson observation rubric was employed to observe the science teacher 

for consistency of teaching in both groups of students. 

 The findings from the classroom observation for evidence of student learning 

suggested that all students in both the control group and experimental group were well 
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aware of the purpose of each lesson activity. They were engaged in practice of important 

skills and in activities that supported the full range of visual, auditory, and kinesthetic 

learning styles. They were also cognitively challenged in that the lesson required 

reasoning, and/or sense-making appropriate to their age and development. 

In the meantime, most students in both groups were actively and constructively 

collaborating on tasks relevant to the content. They could explain their reasoning or 

provide evidence to support their conclusions. In addition, they could use vocabulary 

specific to the content of the lesson with understanding. They responded to open-ended 

questions that encouraged divergent thinking. Moreover, they had closure that enabled 

them to process and construct meaning from the lesson. 

Nevertheless, only some students in both groups articulated their current 

understanding of the concept and could relate the content to other subjects/topics or apply 

the content to real-world contexts. Besides, a few students in both groups had discourse 

that helped them construct a conceptual understanding of the content. 

The findings from the lesson observation rubric indicated that the lessons for both 

the control group and experimental group showed content competence and had clear 

objectives with appropriate choice from the teacher. Each lesson also applied for all 

students in both groups and had a beginning related to lesson objectives that is valid in 

capturing students’ attention. Moreover, transitions were smooth and logical. The teacher 

used transitions within the lesson as learning opportunities. He was also good in 

maximizing instructional time and encouraging student autonomy in the distribution and 

use of materials. He successfully used questioning techniques to gauge and deepen 
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students’ understanding. During the observations, it was obvious what he was assessing 

and how it was measured to let him know whether all students had learned. In addition, 

he listened carefully to students’ ideas and contributions. Student to student listening was 

facilitated by him as well. He reacted to students’ ideas with flexibility, respect, and 

humor. He also acknowledged individual differences in student behaviors with respect. 

He closed the lesson by encouraging student reflection about what was learned, and then 

provided connection to the upcoming lesson. Furthermore, he was competent in 

maintaining positive and appropriate classroom control. Students in both groups were 

interested and curious in his lessons. 

However, based on observations, the teacher was able to utilize materials and 

technology to support the assessment during the evaluation stage of the BSCS’s 5E 

Model in the experimental group more potentially when he implemented the technology-

enhanced inquiry instructional model. Wilensky and Stroup’s (1999) HubNet discussion 

tool, the software used in the technology-enhanced inquiry instructional model, was able 

to overcome one of the greatest obstacles to improving classroom assessment: the 

collection, management, and analysis of data. It also offered anonymity for students to 

answer questions without the worry of peer influence and humiliation. As a result, the 

assessment for the experimental group appeared to be more student-friendly than that for 

the control group. 

 To answer the second question about students’ attitudes toward using the 

technology-enhanced inquiry instructional model in the science classroom, a 

questionnaire survey was administered at the end of the study to 35 students (24 male 
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students and 11 female students) in the experimental group to gather information 

regarding their attitudes toward using the technology-enhanced inquiry instructional 

model in the science classroom. There are five levels of agreement in the Likert scale 

questionnaire: 5 is strongly agree; 4 is agree; 3 is neutral; 2 is disagree; and 1 is strongly 

disagree. The findings from the survey are exhibited in Table 5.2. 

 
Table 5.2. Mean scores for all students and by gender of students’ attitudes toward using 

the technology-enhanced inquiry instructional model in the science classroom 

Means (Total of 5) 

Items 
Male Female 

All 

Students 

Simple and easy to use (in terms of technology) 4.54 5.00 4.69 

Increasing subject interest 4.21 4.36 4.26 

Supporting class participation 4.58 4.73 4.63 

Enhancing subject understanding 4.33 4.09 4.26 

Improving environment for teaching and learning 4.29 4.64 4.40 

Increasing teacher insight into student difficulties 4.29 4.55 4.37 

Supporting collaborative learning 4.42 4.27 4.37 

Suitable for this class 4.54 4.55 4.54 

Necessary for this class every time 4.50 4.27 4.43 

Prefer this model of teaching and learning 4.67 4.91 4.74 

 

 Additionally, some students provided comments on the strengths and weaknesses 

of Wilensky and Stroup’s (1999) HubNet discussion tool, the software implemented in 

the technology-enhanced inquiry instructional model. For the strengths of the tool, some 

students explained that it is a fashionable technology that is fun and easy to use. In 
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addition, it has an anonymous option for them to answer questions more comfortably and 

motivates them to learn. Some students felt that they could learn more subjects via this 

tool. For the weaknesses of the tool, some students expressed that they could be 

distracted by other things on the computer such as games and websites since the tool 

must be operated on the network computers which can also access to the Internet. 

Therefore, it is possible for them to play games or surf some of their favorite websites on 

the Internet while they are using this tool. Furthermore, some students criticized the 

tool’s malfunctions that happened sometimes while they were logging on or sending their 

answers simultaneously. 
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CHAPTER SIX 

DISCUSSION AND IMPLICATIONS 

 As mentioned earlier, the review of the literature revealed that most existing 

studies seemed to focus on teachers’ and students’ appreciation and attitudes toward 

using the classroom communication system. Only a few studies concentrated on the 

impacts on students’ understanding such as increased test scores or improved 

performance. In addition, it appeared that none of the studies had appropriately controlled 

comparisons in which the only difference is the use, or lack of use, of the classroom 

communication system (Fies & Marshall, 2006). The review of the literature suggested 

the need to further investigate the effects of the classroom communication system on 

students’ understanding with the appropriately controlled comparison (Fies & Marshall, 

2006). The major goal of this study is to provide such an investigation to the small body 

of knowledge already in existence. The research questions include: 

• Does the technology-enhanced inquiry instructional model improve students’ 

understanding of science in Thailand? 

• What are students’ attitudes toward using the technology-enhanced inquiry 

instructional model in the science classroom? 

Question One: “Does the technology-enhanced inquiry instructional model improve 

students’ understanding of science in Thailand?” 

The results from the one-way ANOVA suggested that there is a significant 

difference at alpha level .05 between the mean of pretest scores and the mean of posttest 

scores in both the control group and experimental group. These results would seem to 
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indicate that both students only receiving the inquiry instructional model and students 

receiving the technology-enhanced inquiry instructional model significantly improve 

their understanding of science. The average gain of students’ scores in the experimental 

group was 5.56 or 46.45 %, while the average gain of students’ scores in the control 

group was 4.85 or 38.07 %. The gain difference between the experimental group and the 

control group was more than 8 %. Thus, it might be claimed that students receiving the 

technology-enhanced inquiry instructional model gain more than students only receiving 

the inquiry instructional model. 

Analysis of the data from the one-way ANOVA suggested that there is no 

significant difference between the mean of pretest scores in the control group and that in 

the experimental group at alpha level .05. This implies that students in both groups came 

from the same population and therefore supports the assertion of validity of the random 

sampling process. 

The results from both the one-way analysis of variance (ANOVA) and the one-

way analysis of covariance (ANCOVA) showed that there is no significant difference at 

alpha level .05 between the mean of posttest scores in the control group and that in the 

experimental group. In other words, the posttest scores of students only receiving the 

inquiry instructional model and the posttest scores of students receiving the technology-

enhanced inquiry instructional model are not statistically different. These results seemed 

to indicate that technology enhancement does not have any impacts on students’ test 

scores when compared to students receiving the inquiry instructional model alone. This 

supports the research of Mazur (1997) who stated that the success of his instruction is 
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independent of the technology, but seems to refute the result of Nicol (2007) who found 

that the implementation of the technology can improve student end-of-year exam 

performance. However, Nicol compared the student performance between the traditional 

instruction and the technology-enhanced Peer Instruction. More research needs to be 

done with appropriately controlled comparisons in which the only difference is the use, 

or lack of use, of the technology. 

The findings from the classroom observation for evidence of student learning 

seemed to indicate that students in both the control group and experimental group had the 

same level of knowledge and skills during the study. This would suggest that technology 

enhancement does not have any observable impacts on student learning in the inquiry 

setting, but much more research using both qualitative and quantitative methods is 

necessary to understand this. 

The finding from the lesson observation rubric data was especially valuable. It 

indicated that the teacher was able to utilize materials and technology to support the 

assessment during the evaluation stage of the BSCS’s 5E Model in the experimental 

group more potentially when he implemented the technology-enhanced inquiry 

instructional model. Wilensky and Stroup’s (1999) HubNet discussion tool, the software 

used in the technology-enhanced inquiry instructional model, was able to overcome one 

of the greatest obstacles to improving classroom assessment: the collection, management, 

and analysis of data. It also offered anonymity for students to answer questions without 

the worry of peer influence and humiliation. As a result, the assessment for the 

experimental group appeared to be more student-friendly than that for the control group. 
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This suggests that the technology-enhanced inquiry instructional model supports the 

assessment during the evaluation stage and, therefore has some implications for 

educators. 

The review of the literature indicated a number of studies suggesting that 

formative assessment through feedback can create significant learning gains and facilitate 

conceptual changes, but it is important to note that long delays in feedback can lead to 

fluctuations and inefficiencies in the learning process. Without immediate feedback, 

misconceptions can become somewhat fixed in the student’s memory and remain 

uncorrected. A study from the Institute for the Promotion of Teaching Science and 

Technology (IPST, 2006) in Thailand also revealed that science teachers implementing 

the BSCS’s 5E Model in their class rarely assess students during the evaluation stage. To 

solve these problems and support good assessment practice in science classes, educators 

should integrate the technology-enhanced inquiry instructional model into teacher 

education programs for pre-service science teachers and professional development for 

science teachers. 

Question Two: “What are students’ attitudes toward using the technology-enhanced 

inquiry instructional model in the science classroom?” 

The findings from the questionnaire survey administered to participating students 

showed that the majority agreed or strongly agreed that the technology-enhanced inquiry 

instructional model: 

• Is simple and easy to use (in terms of technology) 

• Increases subject interest 
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• Supports class participation 

• Enhances subject understanding 

• Improves environment for teaching and learning 

• Increases teacher insight into student difficulties 

• Supports collaborative learning 

• Is suitable for their science classroom 

• Is necessary to be implemented every time in their science classroom 

In addition, most students preferred the technology-enhanced inquiry instructional 

model rather than the typical BSCS’s 5E Model usually used by their teacher. They 

seemed to have very good attitudes toward using the technology-enhanced inquiry 

instructional model in the science classroom suggesting that the technology-enhanced 

inquiry instructional model motivates students to learn science. Some of these findings 

were also reported by Bransford et al. (2000), Dufresne et al. (1996), MacGeorge et al. 

(2008), Penuel et al. (2007), and Roschelle et al. (2004b). 

Given these findings, policy makers and administrators might consider more 

systematic and widespread professional development for teachers in the use of the 

technology-enhanced inquiry instructional model. However, more research needs to be 

conducted to determine on what kinds of technology and inquiry instructional models are 

the most effective. This will ensure that the technology-enhanced inquiry instructional 

model can continue to be improved. 

There are some limitations in this study that should be considered. First, it is quite 

difficult for most schools in Thailand to allocate time for students to use the school’s 
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computers in subject areas other than computer science. The integration of technology 

across the curriculum requires strong commitment from the school principal and a good 

collaboration between the computer science teachers and the teachers in other subject 

areas. As a result, it took a large amount of time to find the school for the study and 

confined the site selection process to be very specific, so there could be a school effect. 

Much more research in various schools is necessary. In addition, this study took place in 

Thailand. It can contribute to the body of research, but many more studies need to be 

done to expand the research globally. 

Secondly, the inquiry instructional model implemented in this study was new to 

the participating teacher since Peer Instruction’s Cycle (Mazur, 1997) was incorporated 

into the evaluation stage of the typical BSCS’s 5E Model he usually used. The 

participating teacher also had no experience about Wilensky and Stroup’s (1999) HubNet 

discussion tool, the software used in the technology-enhanced inquiry instructional 

model. Moreover, he had only a little time to practice these new things due to a large 

workload. Thus, he might feel little hesitant and that could have impacted the outcomes 

of this study. Additional studies are needed where more time is provided to teachers to 

master these prior to their implementation. 

Thirdly, Wilensky and Stroup’s (1999) HubNet discussion tool, the software used 

in this study, had a few technical problems. It required higher speed of RAM (Random 

Access Memory) on the teacher’s computer when more student computers were added 

into the network. At this time, it is still unknown what the appropriate RAM speed for the 

number of student computers or the maximum number of student computers that can be 
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added into the network at any RAM speed. In addition, the networked computers 

occasionally did not work properly when students were all simultaneously logging on or 

sending their responses via the software. These technology problems distracted both the 

students and the teacher from the subject being taught. The implication for this is clear, 

since the technology problems may have affected the results of the study. Much more 

research needs to be done with a variety of software and hardware. 

This study suggests several implications for both science teachers and school 

administrators. For science teachers, first, they should consider implementing the inquiry 

instructional model with or without technology enhancement in their class in an effort to 

improve students’ understanding of science. However, the technology-enhanced inquiry 

instructional model appeared to be a better alternative since it seemed to support 

assessment and motivate students to learn science. 

Secondly, since some students commented in the questionnaire survey that they 

could be distracted by other things on the computer such as games and websites, science 

teachers should work closely with technicians to uninstall any games on the school’s 

computers and block the Internet access when it is not needed for their class. This could 

help students concentrate more on learning. 

For school administrators, they should be concerned about the problem of limited 

computer access in subject areas other than computer science and allocate more 

computers and/or time for students in other subject areas. They should also consider 

providing teachers with adequate professional development, time and incentives to 

encourage them to integrate inquiry and technology appropriately into their instruction. 
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Further research is needed to broaden this study and to examine the consistency of 

the results. Students in various countries, grade levels, socio-economic levels and ability 

groups, as well as teachers with various skill levels and experiences, could be included in 

future studies. Besides, due to the limit of computer access and technology problems in 

this study, other types of classroom communication systems such as hand-held devices 

and other software could be selected for future research. 
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Appendix A 

Test Items 

Part 1: Pilot study test items 

1. What is electric neutral? 

 a. the number of negative charges are larger than the number of positive charges 

 b. the number of positive charges are larger than the number of negative charges 

 c. the number of negative charges and positive charges are not equal 

 d. the number of negative charges and positive charges are equal 

2. Which is the correct answer? 

 a. positive charges and negative charges will push each other 

 b. similar electric charges will push each other 

 c. different electric charges will push each other 

 d. similar electric charges will pull each other 

3. What is a main duty of an electric ground cable? 

 a. conducting current 

 b. being a static electricity 

 c. transmitting and receiving electric charges 

 d. protecting electric charges 

4. What is a property of a conductor? 

 a. high density     b. fire retardant 

 c. allowing the flow of electric current d. small 

5. Which is an insulator? 

 a. zinc      b. glass 

 c. water     d. silver 

6. Which is not an electric generator? 

 a. dynamo     b. battery 

 c. heat      d. water 
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7. What is a property of direct current (D.C.)? 

 a. having only one direction of electric flow 

 b. having many directions of electric flow 

 c. having alternate flow of current 

 d. having reverse flow of current 

8. What is a property of alternating current (A.C.)? 

 a. having only one direction of electric flow 

 b. having many directions of electric flow 

 c. having alternate flow of current 

 d. having reverse flow of current 

9. What is a main duty of an electric line? 

 a. conducting current    b. routing current 

 c. protecting current    d. influencing current 

10. Which one is having a closed circuit? 

 a. turning off the fan    b. unplugging the radio 

 c. turning off the TV    d. turning on the light bulb 

11. Which is an opened circuit? 

 a. a connected switch    b. a disconnected switch 

 c. a flowing of electric current  d. an electric protection 

12. In which circuit can appliances work? 

 a. opened circuit    b. closed circuit 

 c. direct circuit    d. alternate circuit 

13. Which is a set of components for building a simple electric circuit? 

 a. light bulb, electric line, electric cell 

 b. light bulb, motor, buzzer 

 c. electric line, switch, light bulb 

 d. electric cell, battery, motor 
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14. If we put object A, B, and C together, object A and C will push each other, while 

      object A and B will pull each other. Which is the correct conclusion? 

 a. object A and C have positive charges, while object B has negative charges 

 b. object A and B have positive charges, while object C has negative charges 

 c. object A has positive charges, while object B and C have negative charges 

 d. object B and C have positive charges, while object A has negative charges 

15. Which is the correct answer? 

 a. when we rub amber with plant rubber, positive charges will be produced on 

    amber, while negative charges will be produced on plant rubber 

 b. when we rub lac with silk fabric, positive charges will be produced on lac, 

    while negative charges will be produced on silk fabric 

c. when we rub iron with plastic, positive charges will be produced on plastic, 

    while negative charges will be produced on iron 

d. when we rub paper with cat’s hair, positive charges will be produced on paper, 

    while negative charges will be produced on cat’s hair 
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Part 2: Main study pretest items 

1. How do hydra and yeast reproduce? 

 a. division     b. budding 

 c. producing spore    d. sexual reproduction 

2. In which stage of growth that insect does not eat? 

 a. egg      b. worm 

 c. chrysalis     d. egg and chrysalis 

3. Which animal does not hibernate? 

 a. frog      b. bird 

 c. bear      d. some snakes 

4. Why does the snake slough? 

 a. to clean the body    b. to support movement 

 c. to expand the body size   d. to hide its enemy 

5. Which animal differs from the others? 

 a. whale     b. dolphin 

 c. sea horse     d. dugong 

6. From what is fake twin born? 

 a. one sperm and one egg   b. one sperm and two eggs 

 c. two sperms and one egg   d. two sperms and two eggs 

7. Which is not a plant? 

 a. fern      b. moss 

 c. mushroom     d. seaweed 

8. After fertilization, which part of the flower changes to seed? 

 a. ovule     b. ovary 

 c. stamen     d. pistil 

9. Which fruit is an aggregated fruit? 

 a. pineapple     b. grape 

 c. custard apple    d. coconut 
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10. Which one is a root? 

 a. ginger     b. taro 

 c. carrot     d. turmeric 

11. Which part of the root is used for food and water absorption? 

 a. root hair     b. branch root 

 c. fibrous root     d. taproot 

12. In which organ does the digestion process not occur? 

 a. mouth     b. stomach 

 c. small intestine    d. large intestine 

13. Which organ builds the gall? 

 a. vermiform appendix   b. small intestine 

 c. liver      d. pancreas 

14. In which organ does the gas-exchange process occur? 

 a. nose      b. mouth 

 c. lung      d. stomach 

15. What Uis not U the meaning of habitat? 

 a. land, water, and air 

 b. has an influence on characteristic and type of living things 

 c. place to live permanently 

 d. place to live and find food 

16. First, a plant was eaten by a worm, then the worm was eaten by a bird, next the bird 

was eaten by a cat, then the cat was eaten by a snake, next the snake was eaten by an 

eagle, and finally, the eagle fell down from the sky and was decomposed by bacteria. 

From this scenario, which are a producer and a decomposer? 

 a. bird and worm    b. plant and bird 

 c. plant and bacteria    d. bird and bacteria 

17. From the previous question, which one is a consumer? 

 a. worm     b. eagle 

 c. cat      d. all of them 
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18. Which pair of living things in the ecosystem that one gains, while the other does not 

gain nor lose? 

 a. black ant and aphid    b. shark and shark lice 

 c. sea flower and crab    d. insect and flower 

19. Which pair of living things in the ecosystem that both gain from each other? 

 a. orchid and tree    b. intestinal worm and human 

 c. flea and dog     d. parasitic plant and tree 

20. Which area can we find plants with roots for gas exchange? 

 a. mountain forest    b. virgin forest 

 c. seaside forest    d. mixed forest 

21. Why does the oxygen level in the river reduce when sewage is dumped into the river? 

 a. the river is spoiled 

 b. there are more chemicals in the river 

 c. there is more carbon-dioxide gas in the river 

 d. bacteria consumes more oxygen gas to decompose sewage 

22. What is the meaning of natural resource? 

 a. things made by human   b. things made by nature 

 c. unexhausted things for human use  d. rebuilt things for human use 

23. Which substance Ucannot U change directly from solid stage to gas stage? 

 a. salt      b. camphor 

 c. borneo camphor    d. iodine 

24. Which one Uis notU correct? 

 a. solid has consistent shape and volume 

 b. liquid has consistent shape but inconsistent volume 

 c. gas has inconsistent shape and volume 

 d. water can be found in all three stages 

25. Which action can make a chemical change? 

 a. dissolving salt in the water   b. putting water in the freezer 

 c. burning a candle    d. cutting the paper 
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26. If you want to prove that different types of seed have different growth rates, what 

should be varied in your experimental design? 

 a. seed type     b. location 

 c. container type    d. seed position in the container 

27. If you want to prove that fertilizer makes plant grow faster, what is your experimental 

design for two same plants growing in two same containers? 

 a. put water and fertilizer in the first container, while put fertilizer but no water in 

    the second container 

b. put water and fertilizer in the first container, while put water but no fertilizer in 

    the second container 

c. put water and fertilizer in the first container, while no water and no fertilizer in 

    the second container 

d. put water but no fertilizer in the first container, while no water and no fertilizer 

    in the second container 

28. If you want to find a type of chicken food that makes the chicken grow faster, what is 

your independent variable? 

 a. chicken type    b. food type 

 c. food weight     d. chicken weight 

29. From the data of storms in the gulf shown below, what is the conclusion? 

Wind speed (kilometers/hour) Wave height (meters) 

30 3 

50 5 

70 7 

 a. storms will move from sea to shore 

 b. there are three storms in the gulf 

 c. wave height in the gulf is influenced by wind speed of the storm 

 d. storms always occur in the gulf 
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30. From the data of vitamins found in vegetables shown below, which kind of vegetable 

loses the least amount of vitamins after washing in the water? (Vitamins B1, B2, and C 

are water soluble, while vitamins A, D, and K are water insoluble) 

Vegetables Vitamins 

1 A     B1    D 

2 A     B2    C 

3 B1    B2    C 

4 A      D     K 

 a. vegetable 1     b. vegetable 2 

 c. vegetable 3     d. vegetable 4 
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Part 3: Main study posttest items 

1. Which creature is a cold-blooded, wet-skinned, and no scaled that lives in both land 

and water? 

a. eel      b. sea snake 

c. salamander     d. lizard 

2. Which invertebrate has a green, hollow body with tentacles and reproduces by 

budding? 

 a. squid     b. mussel 

 c. star fish     d. sea flower 

3. Why do the duck’s feet must have the connective tissue? 

 a. finding the food    b. reproduction 

 c. living in the habitat    d. protection 

4. Which insect has the following life cycle: egg – worm – chrysalis – insect? 

 a. butterfly     b. grasshopper 

 c. cricket     d. dragonfly 

5. Which part of amphibian’s body is used for respiration during the hibernation period? 

 a. nose      b. lung 

 c. gill      d. skin 

6. How do fungi and fern reproduce? 

 a. division     b. budding 

 c. producing spore    d. sexual reproduction 

7. Which animal has an external fertilization? 

 a. turtle     b. frog 

 c. shark     d. crocodile 

8. Which one includes all Thai reserved animals? 

 a. rhinoceros, kra-zoo, peacock, bull 

 b. schomburgk deer, mountain goat, sarus crane, antler deer 

 c. marble cat, rhinoceros, elephant, tiger 

 d. dugong, mountain deer, leopard, dolphin 
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9. Which one Uis notU a single-cell living thing? 

 a. fungi     b. bacteria 

 c. euglena     d. greenish blue algae 

10. Which plant has a different reproduction? 

 a. fern      b. moss 

 c. cycas plant     d. liververt 

11. When chlorophylls are extracted from the leave using chromatography technique, 

which substance cannot be found? 

 a. carotene     b. xanthophylls 

 c. rodophylls     d. violet 

12. What kind of fruit is not developed from ovary but receptacle? 

 a. cashew     b. papaya 

 c. mango     d. lemon 

13. Which fruit differs from the others? 

 a. custard apple    b. pineapple 

 c. jackfruit     d. morinda 

14. How can a mango tree have a variety of mango fruits on it? 

 a. putting a variety of mango trees on it 

 b. splicing it with other mango trees 

 c. embedding a variety of mango buds on it 

 d. cultivating with a variety of mango seeds 

15. Which one is an underground stem? 

 a. yam      b. yam bean 

 c. potato     d. cassava 

16. Which part of the plant are coconut meat and juice? 

 a. fruit      b. stem 

 c. leave     d. seed 
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17. Which one is a group of living things? 

 a. grapes in the vineyard 

 b. a mother, a father, and a baby in the house 

 c. two birds in the nest 

 d. shrimps, crabs, shells, and fishes in the river 

18. First, a plant was eaten by a worm, then the worm was eaten by a bird, next the bird 

was eaten by a cat, then the cat was eaten by a snake, next the snake was eaten by an 

eagle, and finally, the eagle fell down from the sky and was decomposed by bacteria. 

From this scenario, which are a producer and a decomposer? 

 a. bird and worm    b. plant and bird 

 c. plant and bacteria    d. bird and bacteria 

19. From the previous question, which one is a consumer? 

 a. worm     b. eagle 

 c. cat      d. all of them 

20. Which pair of living things in the ecosystem that both gain from each other? 

 a. orchid and tree    b. intestinal worm and human 

 c. flea and dog     d. parasitic plant and tree 

21. What kind of natural resource Uis not U being exhausted? 

 a. water     b. oils 

 c. coals     d. minerals 

22. If you want to prove that different types of seed have different growth rates, what 

should be varied in your experimental design? 

 a. seed type     b. location 

 c. container type    d. seed position in the container 

23. If you want to find a type of dung that makes more gas for cooking, what is your 

control variable? 

 a. dung type     b. amount of dung 

 c. gas type     d. amount of gas 
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24. What kind of food is digested in the mouth? 

 a. protein     b. lipid 

 c. carbohydrate    d. vitamin 

25. What is the characteristic of gastric juice? 

 a. neutral     b. salt 

 c. base      d. acid 

26. Which substance Ucannot U change directly from solid stage to gas stage? 

 a. salt      b. camphor 

 c. borneo camphor    d. iodine 

27. Which one Uis notU correct? 

 a. solid has consistent shape and volume 

 b. liquid has consistent shape but inconsistent volume 

 c. gas has inconsistent shape and volume 

 d. water can be found in all three stages 

28. From the data of storms in the gulf shown below, what is the conclusion? 

Wind speed (kilometers/hour) Wave height (meters) 

30 3 

50 5 

70 7 

 a. storms will move from sea to shore 

 b. there are three storms in the gulf 

 c. wave height in the gulf is influenced by wind speed of the storm 

 d. storms always occur in the gulf 

29. From the data of a substance shown below, what should it be? 

Stage Color Water solubility 

solid white soluble 

  a. styrene foam    b. sugar 

 c. alcohol     d. tooth paste 
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30. From the data of protein need for children shown below, how much protein per day 

does a child need if he/she is 10 years old and his/her weight is 30 kilograms? 

Age (years old) 
Protein need per day 

(grams per one kilogram of child weight) 

 Under 1 2 

1 – 6 1.5 

7 – 12 1.2 

13 – 20 1 

 a. 30 grams     b. 36 grams 

 c. 45 grams     d. 60 grams 
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Appendix B 

Observation Form for Evidence of Student Learning 

Trait 
Involvement 
(Check one) 

Evidence 
(Check all that apply) Notes 

a. Students were well aware 
of the purpose of each 
lesson activity. 

�  N/A 
�  None 
�  Few 
�  Some 
�  Most 

�  Behavior 
�  Questions 
�  Responses 
�  Discourse 
�  Notebooks 
�  Work 

 

b. Students reflected on 
and/or articulated their 
current understanding of 
the concept or skill. 

�  N/A 
�  None 
�  Few 
�  Some 
�  Most 

�  Behavior 
�  Questions 
�  Responses 
�  Discourse 
�  Notebooks 
�  Work 

 

c. Students responded to 
open-ended questions that 
encouraged divergent 
thinking. 

�  N/A 
�  None 
�  Few 
�  Some 
�  Most 

�  Behavior 
�  Questions 
�  Responses 
�  Discourse 
�  Notebooks 
�  Work 

 

d. Students explained their 
reasoning and/or provided 
evidence to support their 
conclusions. 

�  N/A 
�  None 
�  Few 
�  Some 
�  Most 

�  Behavior 
�  Questions 
�  Responses 
�  Discourse 
�  Notebooks 
�  Work 

 

e. Students were engaged in 
discourse that helped them 
construct a deeper 
conceptual understanding 
of the content. 

�  N/A 
�  None 
�  Few 
�  Some 
�  Most 

�  Behavior 
�  Questions 
�  Responses 
�  Discourse 
�  Notebooks 
�  Work 
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Trait 
Involvement 
(Check one) 

Evidence 
(Check all that apply) Notes 

f. Students were cognitively 
challenged in that the 
lesson required higher 
order thinking, reasoning, 
and/or sense-making 
appropriate to the age and 
development of the 
students. 

�  N/A 
�  None 
�  Few 
�  Some 
�  Most 

�  Behavior 
�  Questions 
�  Responses 
�  Discourse 
�  Notebooks 
�  Work 

 

g. Students were actively and 
constructively 
collaborating on tasks 
relevant to the content. 

�  N/A 
�  None 
�  Few 
�  Some 
�  Most 

�  Behavior 
�  Questions 
�  Responses 
�  Discourse 
�  Notebooks 
�  Work 

 

h. Students were engaged in 
activities that supported the 
full range of visual, 
auditory, and kinesthetic 
learning styles. 

�  N/A 
�  None 
�  Few 
�  Some 
�  Most 

�  Behavior 
�  Questions 
�  Responses 
�  Discourse 
�  Notebooks 
�  Work 

 

i. Students related the 
content to other subjects or 
topics or applied the 
content to real-world 
contexts. 

�  N/A 
�  None 
�  Few 
�  Some 
�  Most 

�  Behavior 
�  Questions 
�  Responses 
�  Discourse 
�  Notebooks 
�  Work 

 

j. Students were actively 
engaged in practice of 
important facts or skills. 

�  N/A 
�  None 
�  Few 
�  Some 
�  Most 

�  Behavior 
�  Questions 
�  Responses 
�  Discourse 
�  Notebooks 
�  Work 
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Trait 
Involvement 
(Check one) 

Evidence 
(Check all that apply) Notes 

k. Students used vocabulary 
specific to the content of 
the lesson with 
understanding. 

�  N/A 
�  None 
�  Few 
�  Some 
�  Most 

�  Behavior 
�  Questions 
�  Responses 
�  Discourse 
�  Notebooks 
�  Work 

 

l. Students had closure that 
enabled them to process 
and construct meaning 
from the lesson. 

�  N/A 
�  None 
�  Few 
�  Some 
�  Most 

�  Behavior 
�  Questions 
�  Responses 
�  Discourse 
�  Notebooks 
�  Work 

 

 
UNote.U Adapted from “Observing for evidence of learning,” by RMC Research 

Corporation, 2004, Middle school science partnership, Portland, Oregon, May 2004.
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Appendix C 

Lesson Observation Rubric 

Items 
Serious 
Concern 

(1) 

Developing 
(2) 

Proficient 
(3) 

Exemplary 
(4) Comments

Lesson 
objectives 

Lesson 
objective(s) 
were not clear. 

Lesson had clear 
objective(s) but they 
were not performance-
based; and/or teacher 
did not choose the most 
appropriate objectives.  

Lesson had 
performance-based 
objective(s); choice of 
objective(s) was 
appropriate.  

Lesson had 
performance-based 
objective(s); 
objective(s) were 
particularly well-
crafted and precise.  

 

Subject matter 
knowledge 

Lesson 
reflected weak 
content 
knowledge. 

There were gaps in 
content knowledge 
required for this lesson. 

Lesson demonstrated 
content competence. 

Lesson demonstrated 
deep understanding of 
topic and/or 
extraordinary research 
and effort 

 

Assessment Teacher did not 
use assessments 
to measure 
lesson 
objectives.  

Assessment(s) were 
used to measure some, 
but not all lesson 
objectives; and/or some 
assessments did not 
effectively measure 
lesson objectives. 

It was clear what the 
teacher was assessing, 
how it was measured, 
and that the 
assessments would 
allow the teacher to 
know whether all 
children had learned. 

In addition to meeting 
the requirements for 
proficiency, 
assessments were 
particularly well-
designed and student-
friendly; assessments 
were clearly designed 
or selected for the 
purpose of guiding 
future lessons. 
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Items 
Serious 
Concern 

(1) 

Developing 
(2) 

Proficient 
(3) 

Exemplary 
(4) Comments

Choice and use 
of materials & 
technology 
 

Teacher failed 
to incorporate 
materials 
and/or 
technology that 
would have 
supported 
instruction. 

Teacher incorporated 
materials and/or 
technology but they did 
not effectively support 
instruction. 

Teacher used materials 
and/or technology 
effectively to support 
instruction; and/or 
teacher effectively 
used technology to 
develop the lesson. 

Teacher did an 
exceptional job of 
challenging all 
students through the 
creative and effective 
use of materials and/or 
technology; and/or 
teacher demonstrated a 
superior knowledge of 
technology which was 
used to further learning 
either in the 
development of the 
lesson or in the lesson 
itself. 

 

Differentiated 
instruction 

Teacher did not 
make any effort 
to make the 
lesson work for 
students with 
different needs. 

Teacher attempted to 
address the differing 
needs of students, 
however, the lesson 
failed to work for some 
students in the class; 
and/or teacher made 
efforts to vary the 
mode of instruction but 
did not differentiate the 
instruction for students 
who needed it. 

Lesson worked for all 
the students in the 
class; instruction was 
given in alternate 
forms to meet the 
needs of all students as 
appropriate; activities 
were adapted for any 
students with special 
needs; lesson included 
activities for early 
finishers and plans to 
handle late finishers. 

Efforts to differentiate 
instruction were 
especially 
sophisticated and 
effective. 
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Items 
Serious 
Concern 

(1) 

Developing 
(2) 

Proficient 
(3) 

Exemplary 
(4) Comments

Lesson 
beginning 

Lesson did not 
have a 
purposeful 
beginning. 

Lesson had a 
purposeful beginning 
but it was not 
particularly effective in 
capturing students’ 
attention; and/or did 
not relate to lesson 
objectives. 

Lesson had a 
motivational 
beginning related to 
lesson objectives that 
was effective in 
capturing students’ 
attention. 

Motivational 
beginning was 
especially creative and 
effective in piquing 
student 
curiosity/interest 
related to lesson 
objectives. 
 
 

 

Pacing/ 
maximizing 
instructional 
time 

Teacher had 
problems 
pacing lessons 
and both 
teaching and 
learning were 
often not on 
task  

Lesson demonstrated 
ability to use good 
pacing but there was 
some inconsistency in 
maximizing ‘on task’ 
learning and teaching. 

Lesson demonstrated 
Teacher’s ability to 
use pacing of lesson to 
maximize ‘on task’ 
learning and teaching. 

Teacher was especially 
effective in 
maximizing 
instructional time and 
in encouraging student 
autonomy in the 
distribution and use of 
materials. 

 

Transitions Transitions 
were awkward 
and detracted 
from the lesson.

Transitions were 
anticipated and planned 
for, but were somewhat 
rough at times. 

Transitions were 
smooth and logical.  
Teacher attempted to 
use transitions within 
the lesson as learning 
opportunities. 

Transitions were 
smooth and logical.  
Teacher effectively 
used transitions within 
the lesson as learning 
opportunities. 
 
 
 
 

 



 79

Items 
Serious 
Concern 

(1) 

Developing 
(2) 

Proficient 
(3) 

Exemplary 
(4) Comments

Questioning Teacher did not 
attempt to use 
questioning to 
gauge and 
deepen 
students’ 
understanding 
and encourage 
higher order 
thinking. 
 

Teacher attempted to 
use questions to gauge 
and deepen children’s 
understanding and 
encourage further 
inquiry, but these skills 
need further 
development. 

Teacher successfully 
used questioning 
techniques to gauge 
and deepen students’ 
understanding and 
encourage higher 
order thinking. 

Teacher was especially 
adept in using 
questioning to provoke 
students to raise 
questions of their own. 

 

Responsiveness Teacher did not 
listen and/or 
respond 
appropriately to 
the students. 
 

Teacher attempted to 
listen actively to 
students’ ideas and 
contributions and tried 
to respond to ideas with 
interest and flexibility, 
but these skills need 
further development. 

Teacher listened 
actively to children’s 
ideas and 
contributions; Teacher 
responded to students’ 
ideas with flexibility, 
respect, and humor; 
Teacher effectively 
used descriptive 
praise; student to 
student listening was 
facilitated as well. 
 
 
 
 
 

Teacher demonstrated 
superior active 
listening skills which 
encouraged a 
productive class 
discussion and/or 
effective student to 
student 
communication. 
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Items 
Serious 
Concern 

(1) 

Developing 
(2) 

Proficient 
(3) 

Exemplary 
(4) Comments

Awareness of 
student behavior 

Teacher is not 
aware of and 
did not attempt 
to respond to 
individual 
differences in 
student 
behaviors. 

Teacher is aware of and 
attempted to respond to 
individual differences 
in student behaviors,  
but these skills need 
further development 

Teacher responded to 
individual differences 
in student behaviors 
with respect. 

Teacher was especially 
adept in anticipating 
student behaviors and 
responding 
appropriately. 

 

Closure/ 
debriefing 

Teacher did not 
attempt to close 
the lesson and 
provide 
connections to 
upcoming 
lessons. 

Teacher attempted to 
close the lesson and 
provide connections to 
upcoming lessons, but 
these skills need further 
development. 

Teacher effectively 
discovered the degree 
of student 
understanding; 
Teacher effectively 
closed the lesson and 
provided connections 
to upcoming lessons. 
 
 
 
 

Teacher’s 
closure/debriefing was 
especially effective in 
encouraging student 
reflection about what 
was learned and how it 
was learned. 

 

Classroom 
control 

Teacher was 
unable to 
maintain 
positive and 
appropriate 
classroom 
control.  

Teacher was somewhat 
successful in 
maintaining positive 
and appropriate 
classroom control,  but 
these skills need further 
development.  

Teacher effectively 
maintained positive 
and appropriate 
classroom control.  

Teacher was especially 
adept in maintaining 
positive and 
appropriate classroom 
control with a 
minimum of 
disruptions. 
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Items 
Serious 
Concern 

(1) 

Developing 
(2) 

Proficient 
(3) 

Exemplary 
(4) Comments

Student 
interest/curiosity 

Students did 
not appear 
interested 
and/or curious. 
 

Students appeared to be 
interested and/or 
curious at times but not 
throughout the lesson. 
 

Students appeared 
interested and curious 
throughout the lesson. 

Students appeared 
exceptionally 
interested and/or 
curious throughout the 
lesson. 

 

Evidence of 
Student 
Learning 

Evidence of 
student learning 
was not 
apparent. 

There was evidence of 
student learning but the 
evidence was weak. 

There was clear 
evidence of student 
learning. 

n/a  

 
UNote.U Adapted from “Lesson observation rubric,” by School of Education Dean’s Office, The College of New Jersey, 2007, 

Teacher candidate assessment program, New Jersey, Spring 2007.
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Appendix D 

Student Questionnaire 

“Using the technology-enhanced inquiry instructional model in the science classroom” 

UGender 

 Male   Female 

ULevels of Agreement: 

5 = strongly agree; 4 = agree; 3 = neutral; 2 = disagree; 1 = strongly disagree 
 

Levels 
Items 

5 4 3 2 1 

Simple and easy to use (in terms of technology)      

Increasing subject interest      

Supporting class participation      

Enhancing subject understanding      

Improving environment for teaching and learning      

Increasing teacher insight into student difficulties      

Supporting collaborative learning      

Suitable for this class      

Necessary for this class every time      

Prefer this model of teaching and learning      

 
UStrengths of the technology 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
 
UWeaknesses of the technology 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
 
URecommendations 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
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Appendix E 

Pilot Study’s Lesson Plans 

Part A: Static Electricity 

Main idea: 

 Static electricity occurs from rubbing two objects together. So, electrons will 

move from one object to another object and the number of protons and electrons in each 

object will no longer be the same. This makes an electric charge on the surface of each 

object. If the electric charges in both objects are the same, the objects will push each 

other. But if the electric charges in both objects are different, the objects will pull each 

other. 

Science content standards: SCS 5.1.4 

Objectives: 

1. Students can investigate on static electricity 

2. Students can give examples of static electricity in daily life 

3. Students can learn about scientific process and skills 

Materials: 

1. Two plastic rulers 

2. One plastic bottle 

3. Wool 

Time: 50 minutes 

Learning activity: 

• Engagement 

1. Teacher tells the story about a small village which is situated in a rural area 

and does not have electricity but the people were united. When the electricity 

arrives in the village, many people want it to be connected to their homes 

early. So, they fight for it. The leader of the village has to solve the problem 

by using a lottery. Finally, everyone is happy and the village is developed 

gradually. 
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2. Teacher asks questions to stimulate students’ thinking such as: 

- Do you think electricity is important or not to the villagers and how it 

is important? 

- What benefits do you get from this story? 

• Exploration 

1. Students are divided into groups and get the materials from the teacher 

including the worksheet. 

2. Each group reads the worksheet and plans for an investigation. 

3. Teacher tells each group to decide on their hypothesis before doing the 

investigation. 

4. Each group starts doing the investigation according to their plan and records 

the results in their worksheets. 

5. Teacher often provides guidance and asks questions to stimulate students’ 

thinking such as: 

- Are there any changes if we did not rub the ruler with the wool? 

- Why can the ruler move? 

6. Each group presents their results to the whole class. 

• Explanation 

1. Teacher and students explain about static electricity that it occurs from 

rubbing two objects together. This makes an electric charge (positive or 

negative) on the surface of each object. If the electric charges in both objects 

are the same, the objects will push each other. But if the electric charges in 

both objects are different, the objects will pull each other. An example of 

static electricity in daily life is lightning. 

• Elaboration 

1. Teacher and students elaborate on lightning which is natural static electricity 

that occurs from electron movement. They are very dangerous that we should 

stay away by using the lightning rods and staying indoors places while there is 

a thunderstorm. 
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2. Teacher asks questions to challenge students’ understanding such as: 

- Besides the wool, what other kinds of material can also be used for 

rubbing the ruler? Why? 

3. Students conduct additional activities to develop a broader understanding such 

as rubbing the ruler with other materials such as velvet, cotton cloth, and 

paper to develop deeper and broader understanding. 

• Evaluation 

1. Teacher applies an informal evaluation using questions at the beginning and 

throughout the 5E sequence and completes a formal evaluation after the 

elaboration stage. For the experimental group, the HubNet discussion tool is 

also introduced in the formal evaluation. 
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Worksheet for Static Electricity 

Materials: 

1. Two plastic rulers 

2. One plastic bottle 

3. Wool 

Methods: 

1. Put the first ruler on the top of plastic bottle and hold the second ruler near the 

first one. Then, observe and record the result. 

2. Rub the wool on the second ruler for 1-2 minutes and hold the second ruler near 

the first one again. Then, observe and record the result. 

Hypothesis: 

……………………………………………………………………………………………

…………………………………………………………………………………………… 

Table of results: 

Methods Results 

1  

2  
 

Conclusion: 

……………………………………………………………………………………………

……………………………………………………………………………………………

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

Questions: 

1. Why do we have to observe and record the result for method 1 before method 2? 

……………………………………………………………………………………

…………………………………………………………………………………… 

…………………………………………………………………………………… 



 

87 

2. From your observation, what is the difference between method 1 and 2? What is 

the factor that makes the difference? 

 …………………………………………………………………………………… 

 …………………………………………………………………………………… 

 …………………………………………………………………………………… 

3. Besides the wool, what other kinds of material can also be used for rubbing the 

ruler? Why? 

 …………………………………………………………………………………… 

 …………………………………………………………………………………… 

 …………………………………………………………………………………… 
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Part B: Electric Current 

Main idea: 

 Electric current is the current that flows in an electric circuit. It can be categorized 

as direct current and alternating current. A closed circuit is an electric circuit where the 

current can flow throughout the circuit. Appliances can work in a closed circuit. An 

opened circuit is an electric circuit where the current cannot flow throughout the circuit. 

Appliances cannot work in an opened circuit. A switch is an instrument used to control 

the flow of electric current by opening and closing it. 

Science content standards: SCS 5.1.4 

Objectives: 

1. Students can investigate on electric current 

2. Students can explain the difference between closed circuit and opened circuit 

3. Students can learn about scientific process and skills 

4. Students can learn about saving electricity 

Materials: 

1. One 1.5 volt battery 

2. Four red and black electric wires 

3. One light bulb and its base 

4. One switch 

Time: 50 minutes 

Learning activity: 

• Engagement 

1. Teacher shows an example of an electric circuit to students and asks questions 

to stimulate students’ thinking such as: 

- What are the components of this electric circuit? 

- Why is it important to save electricity? 

• Exploration 

1. Students are divided into groups and get the materials from the teacher. 
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2. Each group tries to build an electric circuit from the given materials without 

any instructions. Teacher only asks questions to stimulate students’ thinking 

such as: 

- What are the components of the circuit that make the bulb light? 

- Why can the bulb be lit? 

- How can you make the bulb light? 

3. Teacher gives a switch and more electric wires to each group and asks them to 

find a way to incorporate the switch into the circuit and make the bulb light. 

Teacher also asks questions to stimulate students’ thinking such as: 

- How can you make the bulb light? 

- What happens when we put the switch down? Why? 

- What happens when we put the switch up? Why? 

- What is the difference between closed circuit and opened circuit? 

4. Each group presents their results to the whole class. 

• Explanation 

1. Teacher and students discuss electric current (the current that flows in the 

electric circuit). It can be categorized as direct current and alternating current. 

A closed circuit is an electric circuit where the current can flow throughout 

the circuit. Appliances can work in a closed circuit. An opened circuit is an 

electric circuit where the current cannot flow throughout the circuit. 

Appliances cannot work in an opened circuit. A switch is an instrument used 

to control the flow of electric current by opening and closing it. Usually, an 

electric circuit consists of 3 major components: power supply, conductor, and 

appliance. 

• Elaboration 

1. Teacher and students elaborate on electric current and its benefits, especially 

an alternating current that is widely used in the households. In addition, 

electric current needs a power supply to make it flow in the circuit, but power 
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from many sources of the world is running out. So, we should carefully use 

the electricity and try to save it. 

• Evaluation 

1. Teacher applies an informal evaluation using questions at the beginning and 

throughout the 5E sequence and completes a formal evaluation after the 

elaboration stage. For the experimental group, the HubNet discussion tool is 

also introduced in the formal evaluation. 
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Part C: Conductors and Insulators 

Main idea: 

 A conductor is the object that allows electric current to flow through it. Silver and 

copper are very good conductors. Other metals are also good conductors. Graphite in a 

pencil is a conductor, as well, although it is not a metal. An insulator is the object that 

does not allow electric current to flow through it. Most insulators are non-metals. Some 

examples of insulators are rubber, plastic, and wood. 

Science content standards: SCS 5.1.4 

Objectives: 

1. Students can investigate on conductors/insulators and classify them 

2. Students can learn about scientific process and skills 

Materials: 

1. One 1.5 volt battery 

2. Four red and black electric wires 

3. One light bulb and its base 

4. Objects (conductors/insulators) such as plastic spoon, toothpick, graphite, nail, 

copper sheet, aluminum foil, and glass 

Time: 50 minutes 

Learning activity: 

• Engagement 

1. Teacher shows a variety of conductors and insulators to students and asks 

questions to stimulate students’ thinking such as: 

- Which ones are the conductors? How do you know? 

- Which ones are the insulators? How do you know? 

• Exploration 

1. Students are divided into groups and get the materials from the teacher 

including the worksheet. 

2. Each group reads the worksheet and plans for an investigation. 
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3. Teacher tells each group to decide on their hypothesis before doing the 

investigation. 

4. Each group starts doing the investigation according to their plan and records 

the results in their worksheets. 

5. Teacher asks questions to stimulate students’ thinking such as: 

- How can you put conductors/insulators into the electric circuit? 

- From your observation, how can you classify whether the object is a 

conductor or an insulator? 

6. Each group presents their results to the whole class. 

• Explanation 

1. Teacher and students discuss about conductors and insulators. A conductor is 

the object that allows electric current to flow through it. Silver and copper are 

very good conductors. Other metals are also good conductors. Graphite in a 

pencil is a conductor, as well, although it is not a metal. An insulator is the 

object that does not allow electric current to flow through it. Most insulators 

are non-metals. Some examples of insulators are rubber, plastic, and wood. 

• Elaboration 

1. Teacher and students elaborate on the properties of conductors and insulators. 

Since a conductor allows electric current to flow through it, while an insulator 

does not allow electric current to flow through it, so we can learn how to 

protect ourselves from the danger of electric current by applying these 

properties. 

• Evaluation 

1. Teacher applies an informal evaluation using questions at the beginning and 

throughout the 5E sequence and completes a formal evaluation after the 

elaboration stage. For the experimental group, the HubNet discussion tool is 

also introduced in the formal evaluation. 
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Worksheet for Conductors and Insulators 

Materials: 

1. One 1.5 volt battery 

2. Four red and black electric wires 

3. One light bulb and its base 

4. Objects (conductors/insulators) such as plastic spoon, toothpick, graphite, nail, 

copper sheet, aluminum foil, and glass 

Methods: 

1. Put each object into the electric circuit. Then, observe and record the result. 

Hypothesis: 

……………………………………………………………………………………………

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

Table of results: 

Objects Results 

1  

2  

3  

4  

5  

6  

7  
 

Conclusion: 

……………………………………………………………………………………………

……………………………………………………………………………………………

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 
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Appendix F 

Main Study’s Lesson Plan Samples 

Unit 1: Plants 

Learning contents: 

1. To explore and observe factors needed for pollen transfer 

2. To search information and explain about flower fertilization 

Objectives: 
1. Students can explain about pollen transfer 

2. Students can explain about flower fertilization 

3. Students can acquire research and inquiry skills in data search and knowledge 

exploration 

4. Students can understand the value of flowers and plants 

Main idea: 

1. Pollen transfer occurs when pollen falls on the pistil 

2. Insects, animals, humans, wind and water can help pollen transfer 

3. After pollen falls on the pistil, it will go to the ovary inside the pistil and fertilize 

the egg(s) in the ovule. This is called sexual fertilization 

Materials: 
1. Books, journals, and posters 

2. Computers with Internet access 

Time: 2 periods 

Learning Activity: 

• Engagement 

1. Teacher and students talk about flowers. 

2. Teacher tries to help students realize the value and importance of flowers. 

• Exploration 

1. Students are divided into groups and get the materials from the teacher. 

2. Teacher asks students the following questions: 
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- When does the pollen transfer occur? 

- What happen after the pollen falls on the pistil? 

3. Students in each group work collaboratively to find the answers from books, 

journals, posters and other sources on the Internet. 

• Explanation 

1. Each group presents and explains their findings to the whole class with 

guidance from teacher. 

• Elaboration 

1. Teacher asks the following questions to elaborate students’ understanding: 

- How do insecticides and chemicals affect pollen transfer? 

- What is the advantage of pollen transfer by humans? 

- Why do orchard owners have bees in their orchards? 

2. Students in each group conduct additional studies using a variety of resources 

to find the answers. 

3. Each group presents and explains their findings to the whole class with 

guidance from teacher. 

• Evaluation 

1. Teacher applies an informal evaluation using questions at the beginning and 

throughout the 5E sequence and completes a formal evaluation after the 

elaboration stage. For the experimental group, the HubNet discussion tool is 

also introduced in the formal evaluation. 
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Unit 2: Animals 
Learning contents: 

1. To explore and discuss about animal selection and reproduction 

2. To compare and contrast various types of reproduction 

Objectives: 

1. Students can explain about animal selection and reproduction 

2. Students can explain about internal and external fertilization in animals 

3. Students can develop scientific skills and have good attitudes toward science 

Main idea: 

1. Reproduction is a way to increase the number of living things 

2. It is possible to control characteristics of offspring by careful selection of male 

and female used in reproduction 

Materials: 
1. Books, journals, and posters 

2. Computers with Internet access 

Time: 2 periods 

Learning Activity: 

• Engagement 

1. Teacher and students talk about human’s increasing demand on animals as a 

food source and why it is necessary for animal selection and reproduction. 

• Exploration 

1. Students are divided into groups and get the materials from the teacher. 

2. Teacher asks students to explore about animal selection and reproduction. 

3. Students in each group work collaboratively to find the information from 

books, journals, posters and other sources on the Internet. 

• Explanation 

1. Each group presents and explains their findings to the whole class with 

guidance from teacher. 
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• Elaboration 

1. Teacher elaborates students’ understanding by asking about internal and 

external fertilization in animals. 

2. Students in each group conduct additional studies from a variety of resources 

to find the information. 

3. Each group presents and explains their findings to the whole class with 

guidance from teacher. 

• Evaluation 

1. Teacher applies an informal evaluation using questions at the beginning and 

throughout the 5E sequence and completes a formal evaluation after the 

elaboration stage. For the experimental group, the HubNet discussion tool is 

also introduced in the formal evaluation. 
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Unit 3: Life and environment 

Learning contents: 

1. To explore and observe living things in each habitat and discuss about the 

interdependence of living things 

2. To discuss about life and environment 

3. To explore and discuss about food chain in each habitat 

Objectives: 
1. Students can realize the value and importance of living things and their 

relationship in the ecosystem 

2. Students can specify the food for each living thing 

3. Students can illustrate the eating chart of living things in the habitat 

4. Students can develop scientific skills and have good attitudes toward science 

Main idea: 

1. There are many types of relationships between two living things such as parasitic, 

symbiotic, etc 

2. The relationship (in terms of food) of living things in the ecosystem can be 

represented as the food chain or the food web 

Materials: 
1. Magnifying glasses 

Time: 2 periods 

Learning Activity: 

• Engagement 

1. Teacher and students talk about living things. 

2. Teacher tries to help students realize the value and importance of living things 

and their relationship in the ecosystem. 

• Exploration 

1. Students are divided into groups and get the materials from the teacher. 

2. Teacher asks students to explore and observe pairs of living things in the 

school area and determine their relationship. 
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3. Students in each group work collaboratively to find pairs of living things and 

their relationship such as: 

- Both gain from each other 

- One gains, while the other loses 

- One gains, while the other does not gain nor lose 

• Explanation 

1. Each group presents and explains their findings to the whole class with 

guidance from teacher. 

• Elaboration 

1. Teacher elaborates students’ understanding by introducing and discussing 

about producer, consumer, food chain, and food web. 

2. Teacher asks each group of students to draw a food chain or food web. 

3. Each group presents and explains their food chain or food web to the whole 

class with guidance from teacher. 

• Evaluation 

1. Teacher applies an informal evaluation using questions at the beginning and 

throughout the 5E sequence and completes a formal evaluation after the 

elaboration stage. For the experimental group, the HubNet discussion tool is 

also introduced in the formal evaluation. 

 

 

 

 

 

 

 

 

 

 



 

100 

Unit 4: Human body’s systems 

Learning contents: 

1. To explore and discuss about human body’s respiratory and circulatory systems 

2. To observe abnormalities in the respiratory and circulatory systems 

Objectives: 
1. Students can explain the functions of respiratory and circulatory systems 

2. Students can specify the organs in the respiratory and circulatory systems 

3. Students can realize the importance of the heart and lungs 

Main idea: 

1. Respiration occurs when there is a gas exchange in the lung to bring oxygen into 

the body and remove carbon dioxide from the body 

2. Blood circulation carries oxygen from the heart to the body, while it carries 

carbon dioxide from the body back to the heart and passes it to the lung for a gas 

exchange before starting a new cycle at the heart again 

Materials: 
1. Books, journals, and posters 

2. Computers with Internet access 

Time: 2 periods 

Learning Activity: 

• Engagement 

1. Teacher and students talk about the human body’s systems, focusing on the 

respiratory and circulatory systems. 

2. Teacher tries to help students realize the importance of respiratory and 

circulatory systems. 

• Exploration 

1. Students are divided into groups and get the materials from the teacher. 

2. Teacher asks students to explore about human body’s respiratory and 

circulatory systems. 
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3. Students in each group work collaboratively to find the information from 

books, journals, posters and other sources on the Internet. 

• Explanation 

1. Each group presents and explains their findings to the whole class with 

guidance from teacher. 

• Elaboration 

1. Teacher elaborates students’ understanding by asking about abnormalities that 

might happen in the respiratory and circulatory system. 

2. Students in each group conduct additional studies from a variety of resources 

to find the information. 

3. Each group presents and explains their findings to the whole class with 

guidance from teacher. 

• Evaluation 

1. Teacher applies an informal evaluation using questions at the beginning and 

throughout the 5E sequence and completes a formal evaluation after the 

elaboration stage. For the experimental group, the HubNet discussion tool is 

also introduced in the formal evaluation. 
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Unit 5: Substances 

Learning contents: 

1. To experiment, analyze, and explain about properties of solutions 

2. To classify various types of solutions 

Objectives: 
1. Students can explain about some properties of solutions 

2. Students can specify the substances which are water-soluble 

3. Students can develop scientific skills and have good attitudes toward science 

Main idea: 

1. A solution is a mixture of two or more substances. A substance that can dissolve 

other substances is called a solvent, while substances that are dissolved by the 

solvent are called solutes. Some examples of solvents are water, oils, and 

alcohols. Some examples of solutes are sugar, salt, and flour. 

2. Most solvents are in liquid phase but they can also be in other phases. If two 

solvents are mixed together, the one with more volume will be called the solvent, 

while the other one with less volume will be called the solute. 

Materials: 
1. Sugar, salt, sand, chalk powder, vegetable oil, vinegar, and water 

2. Test tubes, droppers, and spoons 

Time: 2 periods 

Learning Activity: 

• Engagement 

1. Teacher and students talk about solutions in daily life. 

2. Teacher also reviews students’ knowledge about the three phases of matter: 

solid, liquid, and gas. 

• Exploration 

1. Students are divided into groups and get the materials from the teacher. 
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2. Teacher asks each group of students to pour water into four test tubes and add 

a spoonful of sugar, salt, sand, and chalk powder into these test tubes 

respectively. 

3. Students gently shake these test tubes and observe the results. 

• Explanation 

1. Each group presents and explains their results to the whole class with 

guidance from teacher. 

• Elaboration 

1. Teacher elaborates students’ understanding by asking about other types of 

solutions. 

2. Each group of students conducts additional studies by pouring water into two 

test tubes and dropping some vegetable oil and vinegar into these test tubes. 

3. Students gently shake these test tubes and observe the results. 

4. Each group presents and explains their results to the whole class with 

guidance from teacher. 

• Evaluation 

1. Teacher applies an informal evaluation using questions at the beginning and 

throughout the 5E sequence and completes a formal evaluation after the 

elaboration stage. For the experimental group, the HubNet discussion tool is 

also introduced in the formal evaluation. 
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Appendix G 

One-Way ANOVA in the Pilot Study 

1) Pretest result 

 Case Processing SummaryP

 a 

 
Cases 

Included Excluded Total 
N Percent N Percent N Percent 

46 100.0% 0 .0% 46 100.0%
a. VAR00002 by VAR00001 
 ANOVAP

a,b 

 

    Unique Method 
Sum of 

Squares df Mean Square F Sig. 
Main Effects VAR00001 8.486 1 8.486 1.828 .183
Model 8.486 1 8.486 1.828 .183
Residual 204.231 44 4.642   

VAR00002 

Total 212.717 45 4.727   
a. VAR00002 by VAR00001 
b. All effects entered simultaneously 
 

2) Posttest result 

 Case Processing SummaryP

 a 

 
Cases 

Included Excluded Total 
N Percent N Percent N Percent 

46 100.0% 0 .0% 46 100.0%
a. VAR00002 by VAR00001 
 ANOVAP

a,b 

 

    Unique Method 
Sum of 

Squares df Mean Square F Sig. 
Main Effects VAR00001 3.001 1 3.001 1.373 .248
Model 3.001 1 3.001 1.373 .248
Residual 96.216 44 2.187   

VAR00002 

Total 99.217 45 2.205   
a. VAR00002 by VAR00001 
b. All effects entered simultaneously 
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Appendix H 

One-Way ANOVA and ANCOVA in the Main Study 

1) Pretest result 

Case Processing SummaryP

a
P
 

Cases 
Included Excluded Total 

N Percent N Percent N Percent 

69 100.0% 0 .0% 69 100.0%
a. VAR00002 by VAR00001    

ANOVAP

a,b
P
 

   Unique Method 

   Sum of Squares df Mean Square F Sig. 

Main Effects VAR00001 10.063 1 10.063 .694 .408

Model 10.063 1 10.063 .694 .408

Residual 971.589 67 14.501   

VAR00002 

Total 981.652 68 14.436   
a. VAR00002 by VAR00001      
b. All effects entered simultaneously     
 

2) Posttest result 
 

Case Processing SummaryP

a
P
 

Cases 
Included Excluded Total 

N Percent N Percent N Percent 

68 100.0% 0 .0% 68 100.0%
a. VAR00002 by VAR00001    

ANOVAP

a,b
P
 

   Unique Method 

   Sum of Squares df Mean Square F Sig. 

Main Effects VAR00001 .059 1 .059 .003 .955

Model .059 1 .059 .003 .955

Residual 1228.706 66 18.617   

VAR00002 

Total 1228.765 67 18.340   
a. VAR00002 by VAR00001      
b. All effects entered simultaneously     
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3) Control group result 

Case Processing SummaryP

a
P
 

Cases 
Included Excluded Total 

N Percent N Percent N Percent 

68 100.0% 0 .0% 68 100.0%
a. VAR00002 by VAR00001    

ANOVAP

a,b
P
 

   Unique Method 

   Sum of Squares df Mean Square F Sig. 

Main Effects VAR00001 400.368 1 400.368 18.944 .000

Model 400.368 1 400.368 18.944 .000

Residual 1394.853 66 21.134   

VAR00002 

Total 1795.221 67 26.794   
a. VAR00002 by VAR00001      
b. All effects entered simultaneously     
 
4) Experimental group result 

Case Processing SummaryP

a
P
 

Cases 
Included Excluded Total 

N Percent N Percent N Percent 

69 100.0% 0 .0% 69 100.0%
a. VAR00002 by VAR00001    

ANOVAP

a,b
P
 

   Unique Method 

   Sum of Squares df Mean Square F Sig. 

Main Effects VAR00001 532.761 1 532.761 44.317 .000

Model 532.761 1 532.761 44.317 .000

Residual 805.442 67 12.022   

VAR00002 

Total 1338.203 68 19.679   
a. VAR00002 by VAR00001      
b. All effects entered simultaneously     
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5) ANCOVA result 

The default error term in MANOVA has been changed from WITHIN CELLS to 
WITHIN+RESIDUAL.  Note that these are the same for all full factorial designs. 
 
* * * A n a l y s i s   o f   V a r i a n c e * * * 
 
        68 cases accepted. 
         0 cases rejected because of out-of-range factor values. 
         0 cases rejected because of missing data. 
         2 non-empty cells. 
         2 designs will be processed. 
 
 Tests of Significance for y using Cov Adj SEQUENTIAL Sums of Squares 
 Source of Variation          SS      DF        MS         F  Sig of F 
 
 WITHIN CELLS            1087.18      65     16.73 
 REGRESSION               141.53       1    141.53      8.46      .005 
 a                           .61       1       .61       .04      .849 
 
 (Model)                  141.59       2     70.79      4.23      .019 
 (Total)                 1228.76      67     18.34 
 
 R-Squared =           .115 
 Adjusted R-Squared =  .088 
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Appendix J 

Pretest and Posttest Scores of Each Individual Student in the Pilot Study 

 

Control Group Experimental Group Student No. Pretest Posttest Student No. Pretest Posttest 
1 10 9 1 12 13 
2 9 9 2 12 12 
3 11 11 3 9 9 
4 11 10 4 10 12 
5 12 11 5 8 8 
6 7 11 6 8 11 
7 10 11 7 11 9 
8 8 9 8 9 11 
9 12 12 9 9 12 
10 13 10 10 14 13 
11 11 11 11 13 14 
12 11 10 12 11 11 
13 12 12 13 13 12 
14 10 10 14 12 13 
15 8 11 15 11 13 
16 13 13 16 8 12 
17 13 10 17 12 12 
18 10 14 18 12 11 
19 12 11 19 13 9 
20 9 13 20 14 13 
21 9 11 21 13 12 
22 3 10 22 11 10 
   23 8 9 
   24 12 12 
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Appendix K 

Pretest and Posttest Scores of Each Individual Student in the Main Study 

 

Control Group Experimental Group Student No. Pretest Posttest Student No. Pretest Posttest 
1 13 15 1 12 19 
2 7 11 2 16 20 
3 5 15 3 10 19 
4 19 18 4 7 18 
5 17 12 5 11 16 
6 22 21 6 11 23 
7 11 18 7 15 17 
8 17 21 8 9 10 
9 14 13 9 9 20 
10 9 12 10 13 16 
11 19 23 11 16 20 
12 19 21 12 4 20 
13 14 25 13 13 19 
14 5 11 14 14 20 
15 18 22 15 16 22 
16 15 17 16 14 18 
17 13 20 17 8 14 
18 13 22 18 8 - 
19 8 22 19 11 18 
20 17 22 20 10 18 
21 14 13 21 10 9 
22 16 15 22 11 15 
23 11 23 23 8 19 
24 7 28 24 16 23 
25 10 14 25 17 21 
26 14 16 26 11 19 
27 12 16 27 13 17 
28 16 24 28 12 15 
29 10 19 29 13 14 
30 13 14 30 16 26 
31 5 15 31 13 10 
32 10 16 32 17 19 
33 11 17 33 12 15 
34 9 7 34 12 15 
   35 11 12 
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