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Weerawan Sithigorngul, Assist.Prof.Dr. Dilok Dilakanont.

The objectives of this study were to develop a science learning model on life and living
for level 3 using problem-based learning and tutorials, and to study the effects of the science
learning model on student’s critical thinking, understanding of science, science achievement, and
satisfaction are with the model. The study based on the hypothesis that a problem-based
learning and tutorial courses had the positive effects more than the others did. A randomized
control group pretest-posttest design was used to compare the three lower secondary science
classrooms of Matthayom Sanggit Wittaya Bangkok School, Pathumthani province, which were
the sample groups followed by the problem-based learning and tutorial approach, problem-based
learning approach, and the traditional approach respectively. Research instruments consisted of:
critical thinking test, understanding of science test, and science achievement test. The level of
difficulty, item discrimination and reliability coefficient (r « xr-20)) of the critical thinking test were
0.46-0.63, 0.24-0.61, and 0.52 respectively. The Cronbach’ s alpha coefficient of the
understanding of science test and science achievement test were 0.925, 0.996, and construct
validity were 0.70 and 0.70 respectively. The tests were administered to individual student of all
groups.

It was found that, students who were trained by the problem-based learning and tutorial
approach received higher scores of all tests than in the other two approaches. The data was
analyzed using ANCOVA and ANOVA. The results showed that there were significant
differences among the three groups (p < .05), particularly students’ critical thinking skills and
students’ science achievement. Welch Statistics was used to determine the equality of
understanding of science means and found that there was no significant difference among the
three approaches (p > .05).

Additionally, a classroom observation and the findings from the questionnaires revealed
that the students were satisfied with problem-based learning and tutorials rather than the
problem-based learning only. The study results indicated that problem-based learning and

tutorial approach was an effective approach for students to achieve schools’ learning objectives.
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Chapter 1

Introduction

Background

Research on science education in Thailand reveals that different teaching and learning
approaches have been developed, but to a limited extent. The reports indicated that there
needed to be improved in both content and teaching approach of science in Thailand. Most
schools lacked scientific instructional materials, which enabled students to construct
knowledge themselves. It negatively affected students’ performance in science (Soydhurum.
2001:10-19). A lack of sufficient knowledge and a scientific attitude were also the causes for
most students why they can not apply some scientific knowledge to their daily life
(Wattanakeeree. 1993: 87; Sagnuanwong. 1994: 45-46; Wongyai. 2542 : 2 ; Kaewdang. 1998:
35-47). This also had negative affect on scientific learning, shown by the results of an
assessment of the quality of education by the Department of Curriculum and Instruction
Development in 1997. It was found that test scores of most students were rated as a median
down to poor (Office of the National Education Commission. 2001). The test revealed that the
average science score of primary level students’ was 50%, and the lower secondary level
students’ science score was less than 50% (Soydhurum. 2001:42-43). Also the statistical
analysis reported by the U.S. Department of Education (2000) showed that the average score
of Thai eight-grade students in science contents especially in earth science, physics,
chemistry, science inquiry and the nature of science were lower than that of 38 nations listed.
The results indicated that those students had biology scores better than that of physics,
chemistry, and the nature of science. However they received the lowest score in the nature of
science. The students in this group also received lower scores than the other groups from
countries all over the world in the Third International Mathematics and Science Study (TIMSS)
conducted by The International Association for the Evaluation Achievement (IEA). During the
1995-1999 competitions of the Academic Olympics, the overall competition records of Thai
students were always ranked the lowest among the 5 Asian countries, which were Thailand,
Taiwan, Korea, Vietham and Singapore. Also the students’ National Test scores 2000

indicated that learning abilities of students still fall short of expectation particularly in thinking



process and a problem-solving skill (Office of the National Education Commission. 2001). This
indicated that Thai students lack scientific thinking skills. They failed to develop analytical and
critical thinking abilities and could not make a connection between science and other
disciplines (Maneesiri. 1994; Tunwattakul. 1995; Thongma.1997; Gnamagsorn. 1998; Office of
the National Education Commission. 2001; MEO. 2540 : 6; Wongyai. 2542 : 2; Kaewdang.
2543 : 35-47). With respect to those problems mentioned, the educational reform was needed
as a tool to solve the problems.

In Thailand, The Office of the National Commission was an initiator in reforming Thai
education, which began in1992. At the time of the first educational reform, Thailand was in the
period of adjustment that needed people who were familiar with a civil working system. The
stresses caused by the reform were at teacher education, teacher development, and
educational personnel development. This included higher education and teaching and learning
system were reformed in 1996. According to the reform, Thai people have had an equal
opportunity in education, as a result, quality of teaching and learning have been improved and
developed more appropriately for Thai students. Furthermore, the National Educational
Development plan was implemented successfully, and had been packed in the 8th of The
National Educational Development plan (1997-2001). Currently, education has been raised to
be the Thailand principal policy (Office of the National Education Commission. 2001).

The affords for raising Thailand educational quality are included in The Thai National
Education Act of 1999, which emphasizes that learning process must promote students critical
thinking abilities in order to prepare them for the global world (Section 23 (2) (3)). The
provision in section 24 of The Act focuses on education institutes that classroom organization
must be rearranged and learning activities are designed to develop students’ cognition upon
their individual capacity. The Act conducted to the Basic Education Curriculum (BEC) 0f 2001.
The emphasis of the BEC is to enhance Thai students to think critically which is an essential
tool for people on how to live, work, and tackle problems logically in their daily basis. The
expectation is that Thai students should be able to make choices, evaluate and judge things.
Therefore, classroom management and a content of subject matter must be changed for
supporting students to develop their own critical thinking as well as to construct their own
knowledge. Particular, teaching and learning style is considered as one of the important parts
of the reform achievement. The education goal is to allow all students to develop at their own

pace and at their maximum potential. This was supported by The Promotion of Teaching



Science and Technology who stated that science instruction must help students reach the
education goals through a scientific approach which is included in many instructional methods,
in which case, the problem-based learning method is adopted as an instructional strategy to
assist the students on their critical thinking development.

The Promotion of Teaching Science and Technology (IPST) has been the organization
that is responsible for introducing various teaching and learning methods to Thai science
teachers. The IPST has developed the science curriculum and learning materials for helping
all science teachers. The objectives are to promote students to learn with scientific processes
and students centered learning. After The National Education Act of 1999 was announced, all
schools have their tasks on the development of school curriculum that improve student’s
critical thinking skill based on student’s capabilities. The IPST has developed the national
science stand, which has been used as a stand for local school science. The school science
curriculum is developed based on the science stand, which consists of 8 substands: 1) living
things and living processes, 2) Life and environment, 3) Matters and properties of the matters,
4) Forces and motion, 5) Energy, 6) Processes that shapes the earth, 7) Astronomy and
space, and 8) Nature of science and technology. Within the science substand 1.1.1 and 1.1.7,
the content relates to a human body and its function, drugs and drug addiction.

The topic of a human body and its function is closely related to drugs and drug
addiction. For level 3, students must learn and understand digestive system, circulatory
system, respiratory system, nervous system, and muscle and skeletal system.
Manopichetwattana (2004 : 4) stated that students must learn and understand human body
and its function because it is an important matter for students to understand this subject. But
the substance itself is rather. Even worse, appropriately instructional methods can negatively
affect students’ learning of the subject. This makes it difficult foe students to make a
connection between the substance and other substances. The recent studies revealed that
most of the students had misconceptions about the human body. Teaching and learning style
was inappropriate for students to learn complicated human bodies and its function. Although
human body and its function is closely related to drugs and drug addiction, students learn the
contents contained in health education separately from the science subject. These affected
students could not integrate and connect their knowledge to other disciplines (Cuthbert. 2000 ;
Sander. 1993 : 919-934; Prapaisri Hinsui. 2538 B.E.; Taweedej Sanchom. 2540 B.E.). For this

research, the instructional method about human body and its function, drugs and drug



addiction should not only increase students’ understanding of science knowledge, but also
enhance students to think critically and integrate their knowledge to daily living.

Using problem-based learning strategy was based on psychologists’ advocates that
better cognitive development process lead student to better achievement at school
(Department for Education and Skills, UK (2002). Mishoe and Welch (2002) suggest that the
effectively instructional intervention for developing students’ critical thinking skills is problem-
based learning. It is a process in which students learn through situations similar to the one
that they face in the real world. It is useful for development of student’ s critical thinking skills
and a thorough understanding of the knowledge. The students will discuss and analyze the
problems based on their prior knowledge and existed learning resources. When they discuss
and analyze the problem together, they use their cognitive skills for solving problems and self-
monitoring skills to identify their learning needs as well as questioning skills to find related
facts (School of Education, Stanford University. 2003). In this learning environment, the
teacher will act as a monitor who motivates students organizing in learning. The monitor is
active in planning a problem-based learning content and organizing the projects, discussing
with the students, and evaluating students’ progression. With the necessary experiences and
guidances, the students will gain benefit from the course and start to build the new knowledge
(Bolhuis. 1996; Temple and Rodero. 1995). These ideas are expanded by many researchers
(Russell and Chiappetta. 1981; Chang and Barufaldi. 1999; Chistine et al. 2000) that a
problem-based learning approach is worth for secondary science students in improving
students’ achievement and has positive effects on students active learning style. Using
problem-based learning and an appropriate tutorial as an instructional approach will help
students achieve in science achievement as well as improve their critical thinking skills to
enable a higher standard of living.

In addressing these issues, a science learning model using problem-based learning
and tutorials was developed for raising student™ critical thinking skills, understanding of
science, and science achievement. The contents of the research were focused on life and

living for level 3, particularly human body and its function, and drugs and drug addiction.



Research Questions

The research questions are as follows:

1. Are the students’ critical thinking skills, understanding of science, and students’
science achievement who were trained by problem based learning followed by tutorial
approach better than that of who trained by a problem-based learning approach, and a
conventional approach?

2. Are the students satisfied with the science learning model using problem-based

learning and tutorial approach?

Objectives of the study

The objectives of this study were:

1. To develop a science learning model on life and living for level 3 using problem-
based learning and tutorial approach.

2. To compare among the effects of the science learning model using problem-based
learning and tutorial approach, a conventional course using problem-based learning approach,
and a conventional approach on students’ critical thinking, understanding of science, and
science achievement.

3. To determine the students satisfaction of the science learning model using problem-
based learning and tutorial approach and the same course using problem-based learning

approach.

Scope of the study

Design and methodology

The subject of this study is lower secondary school science using a problem-based
learning strategy for grade 7 only. The contents were emphasized on human body and its
function, drugs and drug addiction followed by the substrand 1.1.1 and 1.1.7. The curriculum
was tested in the second semester, academic year of 2004, for 8 weeks with 16 class periods
(24 hours) in total. The instructional strategies were given to grade 8 science teachers.

In this study, the learning science model was a science core course for the lower
secondary school. The model consists of 4 sections. The first theses three sections include 3
problem scenarios related to alcohol and health effects, paracetamol and health effects, and

amphetamine and health effects. And the last section is made up of keynote lectures and



practical workshops containing all contents and learning activities of the human body and its
function, and drugs and drug addiction provided in the National Science Standard. Problem-
based learning and tutorials were used as an instructional strategy for an application of this

research.

Participants of the study

The learning science model was implemented at Mathayom Sangkit Wittaya Bangkok
School. The participant teachers were two science teachers. Both of them had twenty-year
experiences in lower secondary science teaching. They were trained in the participant
teachers’ meeting before implementing the model in an actual science classroom.

MS 1 students in three different classrooms were participants in this study. With the
Randomized Control Group Pretest-Posttest Design, 41 students of the MS 1/5 were taught
with the developed learning science model using problem-based learning and tutorial
approach, 43 students of the MS 1/4 with a problem based learning approach, and 35
students of the MS 1/1 with a conventional approach. The implementing procedure was from

December 2004 to February 2005.

Variables of the study

In this study, the science learning model was independent variables and four
dependent variables would be concerned. They were the following:

Independent variable The science learning model was science teaching
approaches, which consisted of:

1. A problem-based learning and tutorial approach

2. A problem-based learning approach

3. A conventional learning approach

Dependent variables The four concerned effects of the model consisted of:

1. Student’s critical thinking skills

2. Student’s understanding of science
3. Student’s science achievement
4

Student’s satisfaction of the science learning model



Definition of terms

1. Science learning model: The developed science learning model was an
instructional strategy for level 3 science. There were three teaching approaches used in the
science learning model for increasing students critical thinking skills, understanding of science,
science achievement and student’s satisfaction. These were a problem-based learning and
tutorial approach, problem-based learning approach, and conventional approach. The model
consisted of four sections: 1) Alcohol and health effects, 2) Paracetamol and health effects, 3)
Amphetamine and health effects, and 4) keynote lectures and practical workshop. The
achievement target in each section was developed around The National Science standard

particularly substrand 1.1.1 (human physiology, anatomy) and 1.1.7 (drugs and drug misuses).

2. Problem-based learning approach: The developed instructional strategy was used
as a tool to promote student centred learning by using real world problems to drive students
motivation in learning. The problems were the social issues outside the classroom that
encourage students to learn by themselves. A group of six students were formed and they try
to find out solutions to problems. The teacher facilitates the learning environment without
tutorials. The instructional strategy consisted of three learning activities as follows:

1. Problems scenarios were presented to motivate students to learn.

2. Students learned in-groups to identify the given problems, select the related
information, deduct the information, interpret the data, and explain solutions to problems. They
used their critical thinking skills as an important thinking process to solve the given problems.

3. Teacher acted as a facilitator who supported the students’ learning by

motivating questions without tutorials.

3. Tutorials: Tutorials was one of the important factors of the developed science
learning model for teacher to motivate students learning without being directed, and to help the
students in the difficult tasks. The strategy was structured based on the core content and
achievement goal. It included a list of concepts for identifying the given problems and
exploring the related information, learning objectives that are applicable concepts to the
solutions, and guiding students with stimulus materials (such as information sheets and tutorial

guides).



4. Problem-based learning and tutorial approach: The developed instructional
approach was used as a tool to that promote student centered learning by using real world
problems to drive students’ motivation in learning. The problems were the social issues outside
the classroom that encouraged students to learn by themselves. A group of six students were
formed and they tried to find out solutions to the problems. The teacher would help them in
difficult tasks by using the developed tutorial guides. This approach consisted of five learning
activities as follows:

1. Problem scenarios were presented to motivate students to learn.

2. Students learned in-groups of six and found out solutions to given problems.

3. Teacher acted as a monitor who supported the students by motivating them
to learn and guiding them with the developed tutorial guides contained of science core
concepts, learning objectives, information sheets, as well as providing the feedback in order to
help them with some related science concepts.

4. Critical thinking skills included problem identification, selection of useful
information, deduction, interpretation, and explanations were used as an important thinking
process to solve the problems.

5. Students learned in class with lectures and practical workshop in accordance

with the National Science Standard before ending the course.

5. Conventional approach: The conventional approach was a type of teaching
provisions suggested by The Institute of Promotion of Teaching Science and Technology
(2542). It consists of three steps:

1. Discussion. The students discuss about learning objectives, issues or the
problems.
2. Experimentation. The students carry out the experiments as explained in the
practical handbook.
3. Conclusion. The students discuss the results and answers of the provided

questions and express their deep understanding of science through various passages.

6. Students’ critical thinking skills: The critical thinking skills were a human ability to
think rationally, which were used in problem-solving processes. Critical thinking skills were

emphasised on the five ability components as the followings: 1) problem identification, 2)



selection of useful information, 3) deduction, 4) interpretation, and 5) explanation. The skills
were used as an important thinking process when the students were situated in problem-based

learning and in tutorial approach.

7. Students’ understanding of science: Understanding of science was an active
process in which students were capable of organizing and elaborating the information with
different ideas in a designed task. The variety of instructional strategies used in the courses

affected an individual student of how he or she understood science.

8. Students’ science achievement: Student science achievement was the student use
cognitive skills when approaching science. Science achievement involved student science
knowledge, understanding of science and ability to think critically. Students expressed their
cognition through modified short essay questions, which were constructed around the standard

core contents for level 3 science, particularly in the substand 1.1.1 and 1.1.7.

9. Students’ satisfaction: Students’ satisfaction was students’ feedback after learning
with developed problem-based learning and tutorial course. It was an important information for
knowing students’ learning process. Students expressed their experiences covered the
following: satisfaction with the course format, classroom management information, and the

student’s opinions about the course.

Significance of the study
The principal outcomes from the study comprised of:

1. The science learning model using problem-based learning and tutorials
appropriated for level 3 science students.

2. A set of evaluation instrument for measuring the student’s progression,
which consisted of a critical thinking test, an understanding of science test, and a science
achievement test.

3. A basic knowledge for further studying on using of problem-based learning
and tutorial approach. The approach was a student centred learning activities oriented

strategy.
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Conceptual framework

The science learning model using problem-based learning and tutorial approach was
developed from a conceptual framework that was drawn from a social constructivist and
cognitivist philosophy. In particular, the science learning model recognized that tutorials from
more knowledgeable peers (teachers) were useful for students to construct their own
knowledge in the context of problem-based activity.

Using problem-based learning approach was adopted as an effectively instructional
intervention for developing students’ critical thinking skills (Mishoe and Welch. 2002). Russell
and Chiappetta (1981); Chang and Barufaldi (1999); and Chistine et al (2000) found that a
problem-based learning approach was worth for secondary science students in improving
students’ achievement and had positive effects on students active learning style. Nowyenphon
(2001) and Thongsooknok (2003) found that students who had low problem-solving abilities
gradually improved to higher levels after learning with the open-ended problems, which were
important parts in problem-based learning approach. As Bolhuis (1996); Temple and Rodero
(1995); and Das, Mpofu, Hasan and Stewart (2002) suggested that the necessary experiences
and appropriate guidances were important to assist students gaining more benefit from the
problem-based learning approach.

In addition, a goal of using the developed science learning model was students’ critical
thinking skills, understanding of science and science achievement were investigated. The
report of a meta-analysis investigation by Gijbels et al (2005: 27-61) was the basis for studying
in the assessment congruency with problem-based learning that guided this study efforts. An

outline of the conceptual framework of this study is shown in figure 1.



Theories supported the science learning model
: Cognitivism

: Constructivism

Science curriculum

a developed science Strategies for developing

students’ progression

learning
model using

problem-based

Teaching and learning

approaches

learning 44— Roles of tutorials

and

tutorial

Strategies for assessing

Science learning environment

approach students’ progression

Goals of a problem-based learning and tutorial approach
1. Students’ critical thinking skills
2. Students’ understanding of science

3. Students’ science achievement

Figure 1 The conceptual framework of this study
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Chapter 2

Literature Review

This literature review comprised of six sections, which were relevant to this study.

Section 1: Problem-based learning and development of problem-based learning
and tutorial courses

Section 2: Research related to problem-based learning

Section 3: Steps of development of problem-based learning and tutorial
courses

Section 4: Definitions of thinking, critical thinking and process of thinking
development

Section 5: Understanding of Science

Section 6: Cognitivism and constructivism

Section 1: Problem-based learning and tutorial approach

Problem-based learning

Problem-Based learning aims at gaining knowledge, information, and learning
techniques while solving problems. The main point of this study was that problem-based
learning was one of the effective teaching and learning strategies. It was in line with
Constructivism that students are able to learn and construct knowledge themselves through
real life problems and through collaborative task designed.

There are many types of teaching and learning methods considered as active teaching
and learning approaches, but the most well-known significant approach which supports active
learning and promote student critical thinking is problem-based learning or PBL. Problem-
based learning is based on ideas that have a long history and have been studied by many
researchers (Gijbels, Dochy, Bossche, and Segers. (2005:28). Although it is originally
developed for McMaster Medical School in Canada, the McMaster version of PBL has been
applied widely in various fields, for instance, architecture, business administration, engineering
study, economics, and others (Gijbels, Dochy, Bossche, and Segers citing Donaldson,

Maitland, Merchant, Garland, cawley, and Boud. 2005:28-29).
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Barrows and Tamblyn (1980) defined problem based learning as the learning that
results from the process of working toward the understanding or solution of a problem. They
pointed out that students encountered problems first. Which the problems serve as stimulus in
students problem-solving task. Then they look for relevant information to help them
understand the problem and how it can be solved. Barrows (1986) pointed out that possible
permutations and combinations of designed variables in problem based learning is endless
and can come about by challenging the role of subjects, group learning, teachers and schools.
For Barrows, the problem of PBL is a learning material rather than curriculum. PBL motivates
students to learn and gain knowledge when they work on their problem-solving task.

Barrows (1996) also developed a model of problem-based learning that included six
characteristics of:

1. Learning is student-centered.

2. Students learn in small groups.

3. A teacher acts as a facilitator.

4. Students are presented with authentic problems before learning has
occurred.

5. The problems are used as learning instruments to achieve their learning
goals.

6. New knowledge is acquired through self-directed learning.

Boud (1997) noted that a problem or a puzzle, which the learners wish to solve at the
beginning of problem-based learning course, is a stimulus for student learning. There are
some problems in problem-based learning in which they should be analyzed in terms of the
types of problem, teaching learning sequences, and autonomous learning and assessment
methods (Barrows, 1986). Therefore, when using PBL, one should consider on following
factors, such as, course objectives, expectations, including developmental psychology. This
implied that PBL derives from various objectives of a course and some particular skills that
drive self-learning abilities. Students who trained by a problem-based learning course are
expected to use a variety of methods to construct new knowledge by themselves. Charlin et al
(1998) supported that problem-based learning are based on different educational principals
and approaches.

Gallagher et al (1995) stated that the order of learning in PBL is inverted to reflect real

life learning and problem solving. Learning begins after students are presented with an ill-
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structured problem that challenges thoughts, habits of mind and actions. An ill-structured
problem is defined as little or no information provided on the initial stage, the goal-stage, or
some combination of these two stages. The way to approach ill-structured problems is to
identify multiple goals in objective terms so that a variety of solutions can be considered
(Halpern, 1989). When facing a real life problem, students are not capable of tackling the
problem due to the insufficient information. There is no single correct answer to the problem.
Finally, students are not certain about their solutions because some information is still
missing. This is a characteristic of science. This is described as a process of thinking about
problems, then finding ways how to approach them, asking what further approaches can be
used to solve this problem (Gallagher, 1995). This coincides with American Association for the
Advancement of Science (1989) and National Science Teachers Association (1992) that the
theme of science education is to understand science as thinking processes and implementing
them.

Mishoe and Welch-Jr. (2002:1-5) viewed that there are at least three variations of
problem-based learning: 1) student directed PBL (full PBL), 2) modified PBL (partial PBL) and
3) introduction to PBL (minimal PBL). They defined problem-based learning as a process
which learners learn through situations when solving problems. It is a student-directed
approach and its objective is to help learners develop higher order thinking. The teachers’ role
is to facilitate a learning process by giving opportunities for learners to independently learn by
themselves through group discussions and research. The PBL focuses on development of
cognitive strategies and professional skills including teamwork, communication, and decision
making. This is consistent with Bruner’s theory that cognitive strategies are very important
factors for students to learn new knowledge. In a PBL course, students express their abilities
to think critically through various methods. For examples, the critical thinking test is designed
to test specific critical thinking skills. Students’ presentations reflect their cooperative ideas
from group work, while the facilitator helps students gain knowledge during their discussions
and assess students’ abilities on their critical thinking skills.

In teacher-centered learning or lecture-centered learning, the teachers are mainly
responsible for selecting subject content and skills that the students are expected to learn. The
teachers also set the standard for assessment, evaluation, and demonstration. Students are
less directly responsible for what they learn and for their own education. This leads them to be

passive learners. By this approach, quality of the teachings depends on teachers’ background,



presentation styles and their expertise. Glasgow (1997: 30-34) suggested that this approach
does not involve in helping students develop their cognitive skills and their learning
experience.

Mishoe and Welch,Jr. (2002) also supported Glasgow’s idea and illustrated the

differences among PBL and conventional approach as shown in Table 1.

TABLE 1 The differences among PBL and conventional approach
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PBL Lecture
1. Student directed 1. Teacher directed
2. Active learning 2. Passive learning
3. Centered on cases 3. Centered on lecture notes
4. Emphasis on cognitive skills 4. Emphasis on knowledge acquisition
5. Curriculum organized around problem 5. Curriculum organized around
disciplines

6. Centered on group discussions, communication 6. Centered on listening, independent
and skills, problem solving skills reading, testing to assess knowledge

7. Focused on biological and psychosocial issues 7. Focused on separated subjects

Adapted from Mishoe and Welch (2002; 7)
Learning process in problem-based learning in science classrooms
As mentioned above, students are placed as a center in a problem-based learning
course. The students work in-groups of between 5-12 persons to look at the problems.
Students act as a scientist. The problems are designed to capture students’ interest and to
motivate them to search for more knowledge about science concepts.
Learning process in problem-based learning includes:
1. Problems are presented to the students and examined by the group
members.
2. Students discuss in-group and identify the problem. Woods (1994) stated
that successful problem-solvers spend most of their time deciding what to
do. Gallagher, Rosenthal, and Stepien (1992) suggested that successful

problem-solvers tend to spend their time in the problem-based learning
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course to identify the problem first in which they called “problem finding” or
problem identification (Adams, 1979), while unsuccessful problem-solvers
spend most of their time doing something irrelevant to the problem. At this
step, students identify what they think the problems are.

3. Students identify their learning needs in order to prove hypotheses. They
agree on the learning objectives that they will have to seek more
knowledge. At this step, students gather information to generate the
answers. They decide whether they should use acquired information or not.

4. Students generate a solution. At this step, student individually learns
depending on the selected information and individual’'s background
knowledge and understanding.

5. Students present the solution. They share their research findings to the
class. Students give comments during discussion.

Teachers minimize their teaching roles to be facilitators of the learning process. After
delivering the problem, teachers motivate students’ learning by asking questions, such as,
What do you need to know more about? What is your evidence? Teachers do not pose direct
questions about the problem. Consequently, students become self-directed learners, which
they are capable of questioning and identifying their learning needs.

In a science classroom, teachers use inquiry as an instructional method to develop
students understanding of science. The students also use the inquiry technique to build up
new knowledge and gain more experiences. This is in line with the science educators and
educational researchers who attempt to foster the inquiry skills in students for finding and
extending knowledge. Szesze (cited by Tanaprayothsak. 2005: 23) states that inquiry is a
process of questioning scientifically to find out whether answers are valid. Students in all levels
in a science course should be provided opportunities to use scientific inquiry to develop their
thinking abilities that include questioning, planning, conducting investigation, gathering
information, thinking critically, and communicating scientifically (The National Research
Council. 1996 cited by Tanaprayothsak. 2005: 23).

Apparently, science inquiry method is an important part of the problem-based learning
approach that has been adopted as an effective inquiry learning model for science course.
Which Kain (2003) presents a basic version of problem-based learning integrated with a basic

structure of inquiry as an exploring tool for students. The students ask, what they know, what
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they need to know, and how they find out more information in order to come up with solution
(Stepien & Gallagher. 1993 cited by Kain. 2003: 2-3). The tutors then guide the students how
to question and where to seek for further information. The inquiry process makes students

learn more. Finally, the students present a solution.

The use of problem-based learning in secondary schools

Kain (2003: 5) stated “ In recent years, problem-based learning has been promoted by
a number of scholars and practitioners for use in the public schools. There is a Center for
Problem-Based Learning in The lllinois Math and Science Academy, with a website that
features samples of the approach and a discussion of issues related to PBL. Indeed, many
schools are incorporating the practice. The research into the effects of PBL on learning in the
public schools is still emerging. However, initial results are encouraging”.

Christine and Chia (2000) indicated that PBL for secondary school students is based
on what students are interested in. Students learn new knowledge through the process of
problem solving and apply skill to finding out solutions to problems. Then scientific skills are
necessary to be integrated in secondary school curriculum. Chang (2002) advocated that
science instructions in secondary school should put more emphasis on developing the science
process skills in student. This is important input for successful problem solving in real life
science problems. Solving a problem requires student to understand the problem, make
accurate observations, interpret data, formulate a valid hypothesis and find solution to the
problem. In order to do such things, students need problem-solving abilities or skills.
American Association for the Advancement of Science (1993) defined problem solving ability
as the ability to think critically, to reason analytically, and to create productivity, which all
involve quantitative, communicative, manual and critical response skills. These abilities are
transferable to students through the active teaching and learning approach, not conventional
approach that students are passive knowledge receivers. Presently, most of science curricula
for secondary schools foster students to be critical thinkers by using problem solving approach
rather than other approaches.

Chistine and Chia (2000); Chiu (2002); and Kain (2003) all advocated that several
studies of problem-based learning were succeeded at higher education level, especially at
medical schools, but there are very few studies at a secondary school level. Since problem-

based learning approach is considered as an effective approach in helping students learn by
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themselves. It is worth considering as another tool to engage students in secondary school

level.

Tutorials

The tutorial is an early exposure to the students’ working and function as they are
learning in problem-based learning course (Boud. 1996). They will use it as a guideline for
learning or building up new knowledge. Little (1998) suggested that tutorial should include
learning objectives, evaluation and assessment.

In project-based learning and problem-based learning, the role of a tutor is more
important than the conventional approach. The tutor is expected to face more challenges
students’ discussion when ill-structured problem is presented. Facilitator should psychologically
support students. The facilitator motivates students to give feedbacks on a small-group work.
Facilitator should act as a part of the group but not dominating discussion, encourage the
learners to go on, ask them to explain their thinking, and clarify meaning (Harlen. 1988: 91-92
cited by lan W. and Carson S.2002). The facilitators’ roles in problem-based learning course
are to ask questions and to lead the discussions. In addition, the facilitators encourage
students to participate by giving support and praise to them.

The roles of the teachers in problem-based learning are as a facilitator, a tutor, a
mentor or a monitor. The teachers serve as a resource for students. The facilitators plan the
problem-based learning contents and are sequence of the projects organization, include giving
feedback immediately to the students, having discussions with them, and evaluating their
performances. Norman and Shamidt (1992) agreed that teachers’ feedback that cooperate into
students learning activities help students gain more benefit from instructors so that students
will be provided a chance to discuss what they may not understand, so that misconceptions
can be discussed before. Stepien and Gallagher (1993) suggested that teachers should act as
metacognitive coaches and serve as models. Learning with teachers and peers is aimed at
helping students be aware of connection between school knowledge and real-world problems
(Bolhuis. 1996; Temple and Rodero. 1995; Guthric, Solomon and Rinchart: 1997).

In this science model, the monitor worked with groups of student and facilitated the
learning process. Particularly in the initial section, the facilitator took more active role while
students were learning how to identify problems and to set goals and objectives. The students

were given a developed tutorial guide to help them understand the learning objectives, find
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learning resources, and collect information around them. Students began their learning
activities with a tutorial guide to clarify relevant concepts or issues because they were
confronted with the problem for the first time. Teacher used the developed tutorial guide to

support students for verifying and finding solutions of the provided problems.

The problem-based learning and tutorials in this study

The science learning model using problem-based learning and tutorials for the lower
secondary school science was developed based on the ideas mentioned above. The model
included four sections of problem 1: Alcohol and health effects, problem 2: Paracetamol and
its effects, problem 3: Amphetamines and its effects, and the last section is lectures and
discussions.

The structure of the developed science learning model started from students
encountered ill-structured problems before they received any information in the relevant
contents. The students brainstormed using 5 components of critical thinking skills including the
following: identify problems, select useful information, deduce cause and effects, interpret data,
and explanations the solution. Students worked in-group of six which they exchanged
information. The teacher’s role acted as a monitor. The monitor guided students by providing
the information sheets followed by a tutorial guide. The students set their own pace and
directions when solving a given problem in a form of a series of health data. The monitor
encouraged and guided the students to learn without directing.

As for the tutorials, the facilitator would assist students developed critical thinking skills
to become self-directed learners, and to be able to apply what they have learnt to find
solutions. In this study, the teacher acted as a monitor by using tutorials guide for motivating
students to develop their critical thinking skills. The students used the 5 critical thinking
components to extend knowledge for deeper understanding science. At the end of the learning
process, students expressed their ideas through solutions, and the paper tests.

The structure of problem-based learning and tutorial approach in this science learning

model is shown in figure 2.
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The science learning model for level 3 was developed mainly based on the Piaget’s
theory and Vygotsky’s theory. The students who received the science learning model directed
themselves in many ways for developing new knowledge. This was supported by the Piaget's
theory that students between the ages of 11-14 are able to develop their abstract thinking and
reasonable thinking. The Vygotsky’s theory supported this study as well that students in these
ages can make progress by thinking hard about their prior knowledge and establish
understanding with a solution on their own. They can work with teacher and other pupils and
learn from the discussion they are working on. When students are learning to solve problems,
they require to understand the problems rather than to make use of their existing knowledge.

Although a survey study by Shayer revealed that less than 30 percent of secondary
students between the ages of 11-16 were in Piaget’s formal operational stage (cited by Amos,
2002:156-157), but tutorials in this model would help students achieved the learning goals.
Therefore, this model started with the familiar problems about alcohol and its effects for
motivating students to learn. Students were encouraged to learn from their facilitators as well
as their peers. It was a valuable strategy for helping students achieve science standards and

develop social skills at the same time.

Section 2: Research related to problem-based learning and tutorials

Research related to problem-based learning and tutorials

Chin and Li-Gek (2000) studied on how problem-based learning was incorporated into
the biology curriculum in three classes from secondary level. The study focused on how
students generated ideas for their problems, the types of question they asked, and how the
teachers presented these activities. The study results showed that the students had difficulties
in generating questions and forming their own problems at the beginning. After spending time
to think, the students understood the problem-finding process. The problems then became a
focus of subsequent inquiries and the students worked collaboratively in-groups and have
been supported by the facilitator. Several of the students’ misconceptions on science related to
social issues were discussed and being cleared up during the learning process. The study
indicated that students could take control of their problems, and intended to solve their
problems from real-life experiences. The students learned new knowledge through the process

of problem solving. The researchers suggested that the implementing of problem-based
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learning in the classroom might be purposeful and supported by appropriate learning materials.
The most interesting points of the study were those students' questions and problems came
from three main areas; 1) cultural beliefs and native tales, 2) advertisement and media, and 3)
encounters or family members' concerns. This learning method is called “a search of the
problem space” (Apleton. 1995: 383), which was an initial phase of problem solving involving
the construction of an internal, mental representation of the problem. Some students required
validating information that they had found out from various sources which was the step of
analysis in Bloom' s taxonomy. Finally, the student could achieve science goal. This indicated
that the students were motivated to continue to solve the problem and build up the knowledge
themselves by learning though a problem-based learning course.

Chang and Weng (2002: 441-451) explored the interrelationship between secondary
school students’ problem solving ability and their science-process skills in the area of earth
science. The results indicated that science process skills serve as important inputs for
students in solving the problems successfully in earth science. Bonnie (1984) and Bayer
(1985) supported the study results that understanding the problem, making accurate
observations, interpreting data, formulating a valid hypothesis, and finding solution to the
problem are important characteristics of critical thinking abilities. The abilities were essential
for students and could come handy when students solve a problem. The findings suggested
that science instruction in the secondary schools should put more emphasis on developing
students’ science process skills or critical thinking skills. The researcher expected that
development of critical thinking skills helped students improved their problem-solving abilities.

Chang (2001) explored the effects of a problem-based computer-assisted instruction
(PBCAI) on students’ earth science achievement in grade 10 students in Taiwan. The results
indicated that the PBCAI produced more positive outcomes on students’ achievement than did
the directed-interactive teaching approach. The results also viewed the success of the PBCAI
that it had positive effects on students’ knowledge and comprehension levels of Bloom’s
cognitive domain. The researcher suggested that incorporating models of PBL into CAl
promoted students to see real-life science problems in situation, to understand the natural
hazard problems, to identify scientific facts, to collect relevant data and information, and to
elaborate on their solution. Students were able to construct their own methods of acquiring
knowledge and understanding concepts in earth sciences. The research results supported

Russell and Chiappetta (1981) that problem-based approach improved the overall achievement
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of eighth-grade earth sciences students. In additional, Chang and Barufaldi (1999) found that a
problem-based instruction model significantly improved students’ achievement and had positive
influences on students learning.

Panarat Chamchoen (2005) studied the results of the laboratory activity packages
focussed on patterns and relations for enhancing Mathayom 1 students’ mathematical problem
solving skills. One-group pretest-posttest design was used for the study to compare students’
mathematical achievement after using the developed laboratory activity packages. The finding
showed that those students’ mathematical problem solving skills and reasoning skills on
patterns and relations was higher significantly at the .10 level. The packages using a problem-
solving approach had positive effects on students’ mathematical achievement.

Peecah Nowyenphon (2001) studied the effects of open-ended problems in
Mathematics for lower secondary school students. The study found that the students (60% of
participants) who had low problem-solving abilities gradually improved to higher levels after
learning with the open-ended problem solving technique. The findings suggested that problem
solving instruction should be put in learning processes for secondary schools students in all
subjects for fostering students’ problem-solving abilities.

Rangson Thongsooknok (2003) studied the effects of problem-based learning
approach in Theory of number for secondary school students. The results showed that 50% of
the students achieved more than 60% of the mathematics score. The open-ended problems
motivated the students to learn on their own with teachers’ assistance at the early stage. The
assistance was gradually needed less lately. The researcher suggested that most of the
secondary school students, particular the Mathayom 4 students, had their abilities to learn
Theory of numbers using problem-based learning approach. The important issue found in the
study was that the open-ended problems used as a stimulus tends follow the National
Standard Contents, as well as included the mathematical process skills that could promote the
PBL in class. Also, students learned Logical Theory prior to exposing to problem-based
learning.

There were several studies at a undergraduate level particularly in basic science in
medical students, dental students, and other bio-medical sciences. They compared two
different approaches: conventional and PBL, and examined whether students’ performance
were different in their learning outcomes. Shelton and Smith (1998) used the problem-based

learning approach with the first year undergraduate biomedical science students at Sheffield
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Hallam University. The study found that students were very positive about PBL. The students
were able to relate theory to practical workshops. They gained the benefits of group-work and
improved their problem-solving skills but negatively effects on taking responsibility for their own
learning and examining revision notes. The students’ achievements were slightly higher than
the previous year students who took the course with conventional didactic approach. These
results were similar to the study of the effects of problem-based learning and conventional
course on basic science knowledge of dental students at Liverpool by Last et al (2001). The
results showed that there was no significant difference in the total scores when negatively
marked between the conventional and problem-based learning course group but there were
higher total scores in the problem-based learning groups when positively marked. Students’
performances in anatomy, oral biology and physiology did not differ between the groups when
negatively marked but the scores of the conventional course groups in biochemistry were
significantly lower than the others. Positive marking biochemistry scores were not significantly
different but scores in all other subjects were significantly higher in the problem-based learning
course groups. The results also showed that the overall knowledge recall in the basic sciences
by dental students on problem-based learning and conventional didactic courses did not differ
between group (p < .001). However, the study reflected that students in the PBL course group
perceived relevance of different science subjects better than the other groups. The students
adopted the problem-based learning course to be challenging course and enjoyable for
learning and led to their greater motivation.

Even though the results remained unclear for higher students in some subjects, a
comparisons between PBL approach and conventional lecture-based learning approach in
pharmacology courses showed that PBL students were more successful in standardized tests
and enjoyed their course than lecture-based learning approach students (Shin et al, 1993).
Shin also viewed that the PBL student group’s scores were higher on knowledge related to
information that became useful after their graduation. It was important that students were able
to train themselves as an independent learner.

Das, Mpofu, Hasan and Stewart (2002) revealed the study results of student
perceptions on tutor skills in problem-based learning tutorials that the tutor’s role was to
facilitate students’ learning process and foster critical thinking skills and attitudes toward their

future learning. The students’ evaluation indicated that tutorials were crucial for learning
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process. They needed guidance and support to search for more information about a topic they

were researching.

Section 3: Steps of development of problem-based learning course

The National Science Curriculum

The Educational Act of 1999 introduced The National Science Standard for schools in
Thailand. The National Science Standard provides core subject for all science curricula for
students up to the age of 18. It consists of 8 substands: 1) living things and living processes,
2) Life and the environment, 3) Matters and properties of the matters, 4) Forces and motion,
5) Energy, 6) Processes that shapes the earth, 7) Astronomy and space, and 8) Nature of
science and technology.

Following to the Education Reform Act, each local school must develop a school
science curriculum for delivery. The subject matters and teaching processes are concerned
around different necessary skills and maturity of students. School curriculum has its content on
local issues and community interests. The contents are taken from the National Science
Standard contents 70% and 30% from local issues. Students are expected to learn things that
are important to their lives.

The National Education Act defines the achievement target for science at this level as
knowledge, skills and understanding of science including other subjects. The achievement
targets will allow teacher to assess students’ performance during or at the end of each
academic term. The expectations of the National Curriculum for pupils in science learning are
the development of ideas and scientific enquiries used in scientific explanations. Students are
able to use scientific methods to explain natural phenomena and look for evidence through
practical work to examine whether or not.

The achievement target for students Level 3 (The Institute for Promotion of Teaching
Science and Technology. 2003) is divided into eight strands of science, which the strand 1 has

its detail as follows:

Strand 1 living things and living processes

Strand1.1
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Understand basic unit of living things and the relationship between the
structure of living things and their functions.

The study of living things: using scientific methods of inquiry, communication
and be able to apply knowledge to daily life.

S 1.1 is divided into 7 substrands as follows:

1.1.1 Investigate and explain characteristics and structures of unicellular
and multi-cellular organisms, parts of the cell and their functions particular gastrointestinal
system, respiratory system, circulatory system, immunity system, reproductive system, and
musculo-skeletal system.

1.1.2 Investigate and explain the factors involved in the mechanism of
photosynthesis and cell transportation.

1.1.3 Investigate, discuss, and analyze the relevant information to the
structure of living things (plants, animals, human), systems and apply knowledge to daily life.

1.1.4 Investigate, observe, analyze and explain the effect of light,
temperature, water and touch.

1.1.5 Appreciate the use of Biotechnology for plant propagation and
increasing plant and animal yields, and the effects on agriculture, the food, industry, and
medicine.

1.1.6 Investigate and test of the quality of food and apply knowledge of
nutrition and health.

1.1.7 Investigate, discuss and explain the effects on systemic organ of
drug abuse and describe anti-drug strategies and drugs prevention.

The content of the science curriculum in Key Stage 3 starts covers more abstract
concepts and more details about scientific processes and more relevant issues to real world
thinking. The students are expected to integrate their knowledge and make connections
between subjects and to explain natural phenomena.

In this study, the contents were focused on substrand 1.1.1 and 1.1.7. Students
iinvestigated and explained the characteristics and structures of human organs and their
functions, particularly in gastrointestinal system, respiratory system, circulatory system,
immunity system, reproductive system, and musculo-skeletal system. Students also
investigate, discuss and explain the effects of drug abuse on systemic organ and describe

anti-drug strategies and drugs prevention. One of the important purposes is that the students
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can see a connection of the two substands when analyzing real-life problems for instance,
drugs and drug misuses. The solutions to the problems would include knowledge how humans’
body functions and changes due to drug effects, Drugs and nature of drugs, family and social

impacts will be looked at as well.

Designing a problem-based learning course

In the problem-Based learning course, the essential components that drive students to
learn are the real problems. Duch et al (2001: 41-53) state that one of the keys to success in
implementing problem-based learning is the type of the problem teachers use. Typical
problems do not foster the development of effective problem-solving and analytical skills
(Heller & Hollabaugh.1992) nor do they challenge students to develop critical thinking skills
and logical reasoning (Mazur.1996). Delisle (Cited by Kain. 2003: 216) suggested that the
problem in problem-based learning should be appropriately developed to the level of the
students, and curriculum-based. The experience educators in various fields suggest a number
of characteristics for effective problems in problem-based learning.

Duch et al (2001: 41-53) suggested that characteristics of the good problems in
problem-based learning course should be based on Bloom's taxonomy as described below:

1. motivate students to learn for deeper understanding,

2. relate the subjects matter to real world problem,

3. require students to make decisions in judgments based on facts,
information, logic and rationalization,

4. be complex enough for students to work in groups toward a solution,

5. should be open-ended , based on previously knowledge,

6. incorporate the objectives of the course into the problems, connect
previous knowledge to new concepts, and connect new knowledge to
concepts in other courses or disciplines.

Kain (2003; 216-217) listed some characteristics for effective problems as followings:

1. are relevant to students and interest them.
are interdisciplinary.

2

3. are significant.
4. are constructed on contextual details, but not enough to solve.
5

are ill structured, in which there are alternative solutions to the problems.
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6. are contained achievement targets.

The summary is that characteristics of problem in problem-based learning courses
should encourage students’ critical thinking, especially in the higher levels. The problems will
motivate students beyond Bloom's cognitive levels of knowledge and comprehension, where
they analyze, synthesize, and evaluate. These are important skills, which students are

expected to develop after learning with this model.

Steps of designing problem-based learning courses

Lane and Remley (2002) suggested the seven steps for designing problem-based

learning courses as follows:

1. Analyze the course: Developers determine the course objectives that they will
include in the PBL course. They design problems based on objectives set for

the course.

2. Select a topic or an issue for the problem: Developers consider the idea and

scope which is controlled by content objectives

3. Brainstorm: In this step, the developers ask students to brainstorm the ideas on

the selected topic, then use those ideas to come up with the problem.

4. Frame the problem: look at all the gathered information and set up a scope for
the problem. This step needs to examine whether the objectives are included in

the problem.

5. Write the problem: rough written outline for the problem as the first draft.

Review and revise. Check whether the problem meets its intended objectives.

6. Develop a lesson plan: Considering on a use of the problem in class, outside
class, and a combination of both. Time for students when they work on the

problem. Develop mini lectures.
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7. Gather learning resources: Develop a list of learning resources for students.

Which they should cover enough information for students to search.

Rangachari (1998) suggested that the problem in problem-based learning should be
built around the goals and objectives of the course as well as teacher’s interest. This indicated
that the problem applies to the students’ needs and the National Curriculum objectives. The
National curriculum has been the most significant factor for teachers to pay attention to what
they should teach their students. This was the most important issue to note in the

development of a new curriculum.

Assessment strategies

The National Education Act of 1999, section 26 stated that Educational institutes shall
assess learners’ performance through observation of their development, personal conduct,
learning behaviour, participation in activities and results of the tests accompanied by the
teacher-learning process commensurate with the different levels and types of education.
Educational institutions shall use a variety of methods for providing opportunities for further
education and shall also take into consideration results of the assessment of the learners’
performance. The National Education Act of 1999 attempts to produce a quality and quantity
assessment of learning to be used as a regular task of classroom practice. The teachers
assess student’ s progress in learning regularly. The assessment can be ranged from simple
observation, conversation to standardized testing.

The significance of assessment is a way for teachers to know how student’s progress
from learning in the course. These are major criteria as follows: 1) to measure current
capacity, 2) to maintain standards, and 3) to reflect on the teaching and learning approach
(Rowntree. 1987; Quinn. 1997).

Formative assessment should enable the instructor to measure the students’
achievement after they had taken the course. Formative evaluation includes student
performance, teacher performance, and the quality of support provided by the school
administrators and staffs. Martinez (2001: 167-169) suggested that there are many ways in
which the instructor can measure the students’ progress by the formative assessment. These
include observations, quizzes, and consultations. The instructor can use this method by asking

students to have a conversation together. The instructor can evaluate concerns raised by
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students during the consultation. Sandra Amos and Richard Boohan (2002: 279-288) stated
that formative assessment was situated at the heart of effective teaching and learning. It
supported learning strategies because it encouraged student to participate actively in learning
activity. The formative assessment used in constructivism was very useful in the following
ways: 1) reflect on students’ learning in a structured and systematic fashion, 2) engage in
talking with instructor about students’ progress and what students need to do to improve, and
3) develop students competence in the process of learning.

Summative assessment is one of the conventional forms of assessment that focuses
on teachers’ role. It takes place at the end of a learning course. The important aim of the
summative assessment is to measure and report the learning outcomes in order to make a
variety of comparison between the students (Bennett. 2003). Students are measured with a
variety of tests, such as, standard assessment tasks, National test, or modified essay
questions (MEQs) (Crowl et al. 1997). The modified essay questions are an appropriate
measurement for assessing students’ problem solving skills especially in the clinical problem of
medicine course (Janekarn citing Engle. 2530).

Boud (1997) indicated that the instruments used for the PBL assessment should be
closely linked to problem-based learning approach and are structured to have a beneficial
effect on student learning. Duch et al (2001: 95-106) suggested that assessment method in
PBL course is an assessment to examine students’ learning progress. Students can be
measured through learning objectives such as student’s critical thinking skills, communication
skills, and research skills. It is recognized as the six characteristics of Barrows’s core model of
problem-based learning (1996). That is students learn with problem-based learning course will
analyze and solve designed problem. The consequence is that students would be assessed
their problem solving abilities. Segers et al (2003) expanded that in problem-based learning
environment, the assessment should take into account both of the knowledge-based and the
students’ problem solving skills.

Gijbels et al (2005: 27-61) summarized the assessment congruency with problem-
based learning in his report of A Meta -analysis investigation. The descriptions are as the
following:

1. Students’ problem solving skills are evaluated in an authentic assessment

environment.
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Students’ knowledge transferability, skill of acquired knowledge, and
demonstrate of understanding on problem analysis as well as problem
solving are evaluated with the authentic problem.

Students’ arguments are evaluated on the basis of relevant perspectives.
Stu8dents’ integrative knowledge of relevant ideas and concepts are
evaluated with test items.

Students’ application of knowledge in problem solving are evaluated with

The Gijbels et al's summary mainly focused on the test of students’ ability to apply

their knowledge to problem solving situations. Many research findings cited by Gijbels implied

that items assessing knowledge include students strengths and weaknesses and knowledge

based. This assessment result enhances future learning of the students in the direction of

knowledge base that is necessary for them during problem solving processes.

Sugrue (Cited by Gijbels. 2005) introduced an integrated theory-based model of

cognitive components of problem solving. Sugrue explained that successful problem solving

comes from the interaction between knowledge structure, metacognitive functions, and

motivation. Sugrue categorized each of the three cognitive components into a set of variables

that should be targeted by assessments as follows:

Knowledge structure  : 1. Concepts, 2. Principles, and 3.Links from concepts

and principles to conditions and procedures for

application.

Metacognitive functions : 1. Planning, and 2. Monitoring.

Motivation : 1. self-efficacy, 2. demands of the task, and

3. perceived attraction of the task.

According to the findings on his Meta -analysis investigation of the effects of problem-

based learning, Gijbels et al (2005; 27-61) presents the various assessment methods related

to the main goals of problem-based learning. They are described below.

Progress test: The test is constructed to assess rooted knowledge, not just

details. Gijbels et al classified all progress test as assessing the

first level of the knowledge structure.

Modified Essay Questions (MEQ): The Modified Essay Questions is

standardized series of open questions about a problem. The
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given sequentially information ordered students must relate
theoretical knowledge to the particular answer of the problem.
Gijbels et al classified all MEQ as assessing the third level of
the knowledge structure.

Short-answer questions: The short-answer questions require students to
elaborate short written answer. The questions are used to
assess factual knowledge. Gijbels et al stated that this
represents the first level of the knowledge structure.

Multiple-choice questions: The multiple-choice questions or MCQ have been
not accepted for use in problem-based learning course because
it is believed that the MCQ is suitable for assessing only the first
level of Bloom’s taxonomy (Van Der Vleuten. 1996). Boud &
Felletti (1997) however, argued that MCQ can be used in PBL
assessment depend on its quality of design and administration
of the test. Gijbels et al supported the idea and presented that
multiple-choice questions can be used to assess all three
components in the knowledge structure but they can assessing
only the first level of the knowledge structure.

Furthermore, essay questions and oral examinations were classified as
assessing the second level of the knowledge structure,
performance-based test and case-based examinations were

representing the third level of the knowledge structure.

Based on the information above, the assessments in this study assessed on the three

following:

1. Critical thinking skills. All groups of the students were tested with the
developed multiple choice questions for assessing students’ critical thinking
skills at the end of the course.

2. Understanding of science. All student groups were tested on their
understanding of science through short answered questions at the end of
the course.

3. Science achievement. After completing their different courses, all students

were tested with modified essay questions. Its purposes were to assess
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students’ science knowledge based on reasonable thinking, theoretical
science knowledge, and ability to apply knowledge.
Finally, the two experimental groups were evaluated their satisfaction of the science
learning model through the developed student satisfaction questionnaires after completing their
different courses. The questions in the questionnaires included the course format, classroom

management, and students’ further suggestions.

Section 4: Definition of thinking, critical thinking, and process of thinking development.

Thinking definition
Smith (1992: 1-2) defines “ Thinking ” as followings:
1. look back on past events: deduce, explain, and recall etc.
2. project into the future: anticipate, conceive, device, expect, etc.
3. be concern with what is going on at the moment: analyze, argue, assert,
comprehend, etc.
4. be anchored to actual events: concentrate, explain, reason, etc.

Smith’s thinking definitions is a complex process that consists of a number of thinking
skills. The process relates to the past events to the future. It consists of many components
that people use to solve problems.

While the thinking is described as a cognitive process that occurs internally or in the
mind, it is a mental derivation of a sensory input to formulate thoughts, reasons, or
judgements. It is inferred indirectly by cognitive psychologists Andre (1986); Beyer (1987);
Halpern (1995) and Anderson (1993) as follows:

1. a process that involves some manipulation or set of operations on
knowledge in the cognitive system.
2. a set of direction and result of behaviour that solves a problem.

Presseisen (1985) suggested that thinking is a complex and reflective effort as well as
a creative experience. “Thinking” otherwise relates to the basic skills of thinking. Anderson
(1993); Andre (1986); Beyer (1987); and Halpern (1989) all advocated that thinking relates to
sequential steps in solving problems. Halpern (citedby Andrey B. Champagne. 1992:126-127)

expanded "it comprises of essential thinking skills of lower order thinking and higher order
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thinking skills, reasoning modes and reasoning skills as well as academic and assessment
exercises used to teach and test thinking”.

According to the above ideas, Halpern (1995: 39-41) welded the thinking skills into
science classroom. Halpern viewed that students in science classroom think scientifically with
two different kinds of thinking: 1) thinking with the basics and 2) thinking is basic. In a science
classroom with students learning to think with the basics, they enable to use basic science or
mathematics knowledge in thinking after they have learnt enough and sufficiently motivated.
This implies that thinking is a process which knowledge is considered as raw materials and
energy sources. The products of thinking processes are ideas, understandings, and solutions
of problems. This kind of learning approach does not encourage students to think before they
had acquired new knowledge. The students act as an information receiver. While the
classroom with students learning with thinking is basic, they start learning from thinking
scientifically and mathematically. The thinking abilities grow through a progression of activities
that increase in level of their difficulties. With this concept, the students involve thinking from
the beginning rather than the previous kind of thinking. In consequence to the idea, science
education should be changed in term of its teaching styles so that thinking is the main focus of
activities in learning environment which enable students to develop their capabilities of

scientific thinking skills through elaboration, refinement, and modification.

Definition of critical thinking skills

Howe, Robert, Warren and Charles (2003) explained that, thinking critically is based on
the essential three components which are: 1) information to acquire, use and believe, 2) plan
to make, and 3) action to take. Critical thinking helps people living well in a complex world.
Halpern (1995) supported that the components included in critical thinking skills are one of the
human potentials to think in many ways. It is the use of cognitive skills to describe the thinking
processes. Critical thinking involved in solving problems, formulating inferences, calculating
likelihood, and making decisions. The thinker is using these effective skills in a particular
context and a thinking task. Shelly (2002) also supported that critical thinking skills are related
to students’ thoughts and feelings. It involves knowing how to think, apply, analyze,
synthesize, and evaluate data, which are important steps of problem-solving processes.

Swartz and Perkins (1990:19) stated that critical thinking skills are a higher order

thinking that people uses as a basic thinking in many ways. The ability to think critically is
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essential for people to live, work, and solve problem effectively in our current and changing
society. Howe and Charles (2003) stated that when people have to make choices, evaluations,
and judgments every day, the following components are taken into account in a critical thinking
process: 1) information to obtain, use and believe, 2) plan to make, and 3) action to take. This
was seen that the critical thinking is an internal process to analyze arguments and generate
particular interpretations such as reasoning patterns, understanding situations, and appropriate
style of presentation.

Halpern (1996) defined critical thinking is the use of those cognitive skills or strategies
that increase the probabilities of a desirable outcome. It is used to describe thinking that is
purposeful, rational and goal-directed. It is the kind of thinking involved in solving problems,
formulating inferences, calculating likelihood, and making decisions. Critical thinking also
involves evaluating the thinking processes of final decisions (Halpern. 2001: 253-256).

Kurfiss (1988:2) defined the critical thinking is a rational response to questions that do
not have specific answers, in which case, all the relevant information may not be available.
This is a form of problem-solving, but a major difference between the two is that critical
thinking involves reasoning about open-ended or ill-structured problems, while problem-solving
is usually considered narrow in (scope Kurfiss. 1988:29). Costa (1985) and Keating (1988)
expanded that people use four elements of critical thinking skills solving ill-structured
problems:1) content knowledge or knowledge of the discipline, 2) procedural knowledge or
knowledge of thinking skills, 3) ability to monitor, use and control thinking skills or
metacognition, and 4) an attitude to use thinking skills and knowledge. For Costa and Keating,
critical thinking also based on people’s background knowledge and ability to manage ways of
thinking for finding solutions to problems.

Ennis (1987) and Stephen (1985: 40-45) stated that humans use their critical thinking
skills as a tool for decision-making on a daily basis. Ennis (1989) redefined critical thinking is a
process of reasonable and reflective thinking. The process includes the following parts: 1) a
problem solving process at the beginning, 2) a reasoning process based on prior knowledge,
and using of induction and deduction for drawing results, and 3) decision at the end of the
task. The results of critical thinking are not tesTable solutions, but rather a justified conclusion
on the responsibility to provide supporting arguments. For Ennis’s idea, critical thinking is
defined as cognitive skills or strategies that increase the probabilities of desirable outcomes. It

is the kind of thinking involved in problem-solving, formulating inferences, calculating
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likelihoods, and making decisions. Halpern (1995) supported the idea that thinkers will use
thinking skills in a particular context and a type of thinking task. This is sometimes called
directed thinking because it focuses on a desired outcome and also involves evaluating the
thinking processes when people came to a conclusion in making a decision (Halpern. 1989: 5

; Halpern. 2001: 253-256).

Paul, Binker, Jensen, and Kreklau (1990: 56) identified a list of 35 dimensions of critical
thinking, which helps people understand it. The list consists of three groups of strategy that

people use them to think and make decisions. There are as follows:

A. Affective strategies: 1) thinking independently, 2) developing insight into
egocentricity or sociocentricity, 3) exercising fair-mindedness, 4) exploring thoughts,
underlying feelings and feelings underlying thoughts, 5) developing intellectual
skepticism and suspending judgment, 6) developing intellectual courage, 7) developing
intellectual good faith or integrity, 8) developing intellectual perseverance, 9) developing

confidence in reason.

B. Cognitive strategies-macro-abilities: 10) refining generalizations and avoiding
over-simplifications, 11) comparing analogous situations: transferring insights to new
contexts, 12) developing one's perspective: creating or exploring beliefs, arguments, or
theories, 13) clarifying issues, conclusions, or beliefs, 14) clarifying and analyzing the
meanings of words or phrases, 15) developing criteria for evaluation: clarifying values
and standards, 16) evaluating the credibility of sources of information, 17) questioning
deeply: raising and pursuing root or significant questions, 18) analyzing or evaluating
arguments, interpretations, beliefs, or theories, 19) generating or assessing solutions,
20) analyzing or evaluating actions or policies, 21) reading critically: clarifying or
critiquing texts, 22) listening critically: the art of silent dialogue, 23) making
interdisciplinary connections, 24) practicing Socratic discussion: clarifying and
questioning beliefs, theories, or perspecting, 25) reasoning dialogically: comparing
perspectives, interpretations, or theories, 26) reasoning dialectically: evaluating

perspectives, interpretations, ortheories.

C. Cognitive strategies-micro skills: 27) comparing and contrasting ideals with

actual practice, 28) thinking precisely about thinking: using critical vocabulary, 29)noting
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significant similarities and differences, 30) examining or evaluating assumptions, 31)
distinguishing relevant from irrelevant fact, 32) making plausible inferences, predictions,
or interpretations, 33)evaluating evidence and alleged facts, 34) recognizing

contradictions, 35) exploring implications and consequences.

In addition, Paul expanded that critical thinking is disciplined self-directed
thinking that exemplifies the perfection of thinking a appropriate to a particular domain of
thinking. Paul also suggested that critical thinker is the person who has the following traits of
mind: 1) an ability to question deeply in the framework of thought, 2) an ability to reconstruct
sympathetically and imaginatively viewpoints and frameworks of thought opposed to one’s
own, and 3) an ability to reason dialectically to determine one’s own point of view in various
senses. This explained that critical thinkers are thinkers who think carefully on their own
concepts, deliberate determinations of whether to accept, reject, or suspend judgments.

The views of critical thinking above showed that critical thinking is not only a
macro-skills but also a micro-skills thinking process as well as strategies that affected people
to think critically. For the latter part, Facione (1990) summarized in his findings that one can
improve one’s own critical thinking in several ways: First, one can critically examine and
evaluate one’s own reasoning processes. Second, can learn how to think objectively and
logically. Third, can expand one’s repertories of those more specialized procedures and criteria
used in different areas of human thought and inquiry. Last, can increase one’s base of
information and life experience. The experts agree in his consensus that, critical thinking can
not included as a core knowledge in all subjects in school curriculum. Instruction a critical
thinking must cover specific disciplines or substances that include events in everyday life in
order to develop one’s critical thinking. Therefore, skills related to critical thinking and
appropriate instructional method containing the real life topic should be considered when

teaching students to think critically.

Skills related to critical thinking

Ennis and Paul suggested that critical thinking skills are human unique abilities
that include specific skills especially for problems-solvings. Bonnie (ERIC Digests ED 385606)
supported that critical thinking skills connect closely to the problem solving skills, which is one

of scientific process skills that educators attempt to develop in student own self (AAAS. 1989).
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Quinn (1997) advocates that critical thinking requires abilities or skills to identify a problem,
select useful information, draw inferences from observed facts, recognize assumptions,
formulate hypotheses, deduct information, interpret data, and evaluate arguments. Although
there are some quite diverse definitions of critical thinking skills, almost all of them emphasize
abilities to gather, evaluate, and use information effectively.

Beyer (1995) defined critical thinking as a predisposition and the skills to
scrutinize and assess the thought of oneself and others. The results of critical thinking are to
construct reasonable judgements and make decisions. Beyer expanded that critical thinking
consist of six elements : 1) disposition, 2) criteria, 3) arguments, 4) reasoning, 5) point of
views, and 6) procedures for applying criteria and judging. According to Beyer’s definition,
critical thinkers have dispositions or skills of being skeptical, questioning for reasoning and
providing evidence for their conclusions. The thinkers set the criteria that are appropriate
conditions for making judgments. Their judgments are argued based on propositions and
evidence, which are facts and principles. In their arguments, reasoning is inferred to make a
connection between propositions and evidences. The inference is made under a scrutiny
deductively or inductively. The critical thinkers continue to develop their point of views based
on their background, prior experiences, and their own knowledge. Critical thinkers use the
results from the five former elements to clarify information, identify a point of view, verify
assumption, and rectify in reasoning. The actions are included procedures for applying criteria
and judging. According to Beyer’s critical thinking concept, learners’ are considered as a
dispositionin that learners are expected to improve on their own.

Watson and Glaser (1980) suggested that students develop their critical
thinking skills to bridge the relationships between evidences and explanations through 5
components: 1) inference, 2) recognition of assumptions, 3) deduction, 4) interpretation, and 5)
evaluation of argument for coming up with the solutions to the problems.

Sternburge (cited by Halonen and Santrock. 1995) suggested that there are
four critical thinking skills that might develop in students. They are as follows: 1) obtaining
information, 2) using informal knowledge, 3) thinking in-groups, and 4) developing long-term

approaches to long-term problems.
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Facione (1990) published the findings for educational assessment and
instruction that critical thinking skills can be grouped and sub-classified in many ways. The

consensus list of critical thinking skills and sub-skills were:

1. Interpretation: categorization, decoding significance, clarifying

meaning.

2. Analysis: examining ideas, identifying arguments, analyzing

argument.
3. Evaluation: assessing claims and arguments.

4. Inference: querying evidence, conjecturing alternatives, drawing

conclusions.

5. Explanation: stating results, justifying procedures, presenting

arguments.
6. Self-regulation: self-examination, self-correction.

With respect to the findings, critical thinking occurred within an individual. The
skills are used to detect person’s proficiency on a specific task or situation. It is considered as
an important thinking process which one uses for solving a problem. Critical thinking is useful
when people are facing problems. Accordingly, critical thinking always takes place in response
to specific situations. Critical thinking is expressed as the skills of questioning, solving
problem, reasoning resolving, evaluating theories or laws, conducting inquiries, interpreting
information, and making decision in daily life. All critical thinking instructions should aim at

helping critical thinkers improve their critical thinking skills.

During the knowledge-based oriented, critical thinking is used as an important
knowledge manager. It is the most important skill for development of beliefs and decision-
making. This was supported by Reinmann-Rothmeier and Mandl (1998:33) who revealed their
findings in a Delphi-study that experts in education advocated critical thinking as an essential
skill in knowledge management. Relevant background knowledge is also an important factor of
the quality of thinking. It is valuable as a cognitive resource for logical management and

judgment. Critical thinking skills are ways to solve particular problems and they can be
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deduct information, and so on.

In Thailand, critical thinking skills are expected to improve Thai students’
performance in school. According to the National Education Act of 1999, the provision in
section 23 (2) and (3) states that learning process in school must enable students to think
critically in fasting change of the world. The expectation of The Act is that when confronting
with real life problems, students will use their critical thinking skills as an important thinking
process to approach all contents with their much broader, more effective and relevant
understanding so that new knowledge and solutions to a problems will be discovered and

verified (figure 3).

Critical thinking skills

Understanding

Previous knowledge

\ Real life problemS /

Deeper knowledge and

understanding

l

New knowledge

Solutions to problems

Figure 3. Critical thinking as an important thinking process for solving a problem
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Process of critical thinking development

Department for Education and Skills, UK (Department for Education and Skills. 2002:
269-271) described that human thinking ability is related to three factors as follows:

1. Genetic makes up. This is an important spontaneous factor that influences
on human intelligence. Although this is controversial, scientists agree that
genetics influenced intelligence about 20%.

2. Time. The human brain develops until reaching its peak in the late of teens.
This implies the secondary school students’ thinking have a tendency to
develop rather than the primary school students.

3. Environment. Appropriate stimulating and supportive environments arouse
cognitive development.

School can help students develop cognitively by providing challenging learning
opportunities. The learning tasks should be based upon students’ capabilities in which
psychologists believed that better information processing leads to better achievement at
school. School should provide students opportunities for their cognitive growths, such as
creating disequilibrium for thinking reasonably.

Kraak (2000: 51) suggested that critical thinking is the most important skills in the
educational process which students can use in their real life for making decision. This is in line
with Facione (1996) who stated that during learning with a critical thinking course, students
form judgment of what to believe or do in a particular context. In the process, student will
gradually develop more cognitive skills for analysis, interpretation, inference, explanation,
evaluation, and self-regulation. Following up from the ideas, Facione identified seven
dispositions toward critical thinking. These are: 1) open-mindness, 2) analysis, 3) truth
seeking, 4) maturity, 5) systematics, 6) inquisitiveness, and 7) self-confidence. These are
essential dispositions that The Thai Educational Act of BE 2544 expects Thai students should
have as a critical thinker.

Among the ideas above, they could be summarized that critical thinking skills are
transferable skills through an appropriate teaching and learning method. Ennis, Kahane,and
Scriven (cited by McPeck. 1990) stated that critical thinking will be transferred in maximum
when students learn a set of general skills. On the other hand, transfer will be minimized when

students learn with specific information only. This means that appropriate teaching and
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learning approach for students develop the on their own. The skills should not be taught
separately for students’ better cognition.

In Thailand, critical thinking has been taught in many schools according to The
National Education Act of 1999, Section 23(2) (3). The provision of the Act concerned on
learning process must promote students critical thinking skills in order to keep up with the
global world. Although many sub-skills of critical thinking have been taught separately, this is
considered useful in critical thinking. School curriculum should be developed to motivate
students to use critical thinking skills. The interesting point is that critical thinking skills are
highly promoted in education system worldwide, among curriculum developers, educational
researchers, parents, and employers (Ennis. 1991; Halonen. 1995).

In this study, the science learning model was developed based on educational theories
for fostering student’s critical thinking development by themselves. The course included three
ill-structured problems presented to the students. The developed course was used to enhance
the students think critically and achieve science achievement through five components of
critical thinking skills. They were the followings:

1) Problem identification: finding the problem, forming problem statements.

2) Selection of useful information: seeking information, gathering relevant information,

and determining useful information.

3) Deduction: clarifying and justifying the value of rules, methods, concepts, or

principals to form a new knowledge.

4) Interpretation: comprehending and expressing the meaning of situations, data,

judgments, rules, and determining the relationships of the data to the whole.

5) Explanation: justifying reasoning in solutions to the problems, producing statements

of the evidences based results.

Section 5: Understanding of science

Understanding is a process which human uses for structuring and organizing incoming
information. The understanding consists of essential compartments of sense, intelligence and
perception. It involves comprehension of communication, being able to translate or describe
other terms, interpretation, extrapolation. Comprehension may involve the ability to apply

applications into daily life. Crowl (citing Bloom. 1997) concluded that understanding could be
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categorized into six levels based on cognitive skills. The category called Bloom's Taxonomy
classified human cognition into six levels as the followings: level 1) knowledge, level 2)
comprehension, level 3) application, level 4) analysis, level 5) synthesis, and level 6)
evaluation.

Crowl (1997: 293) expanded that Bloom’s taxonomy focuses on what students should
learn and at what levels of comprehension they should achieve in their learning goals.
Teachers use the taxonomy to develop questions that require different levels of
comprehension. Students reflect their understanding to the questions in different levels upon
their constructed meaning from incoming information and existing knowledge. They are
reflected as the followings:

Level 1: Knowledge

Student: Remembering information presented to the student. Student is able to
exhibit prior knowledge by recalling facts, terms, basic concepts and answers.
Level 2: Comprehension

Student: Understanding the information presented. Student can demonstrate
understanding of facts and ideas though various methods of organising,
comparing, translating, interpreting, giving descriptions and stating main ideas.
Level 3: Application

Student: Using information in problem solving. Student is able to solving
problems by applying acquired knowledge, facts, techniques and rules in a
variety way.

Level 4: Analysis

Student: Breaking down information into component parts. Student can
examine and break down incoming information into parts by identifying the
causes, making relevancy and finding evidence to support decision making
Level 5: Synthesis

Student: Finding connections and relationships among different ideas. Student
can compose information together in a different way and create an alternative

solution.
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Level 6: Evaluation

Student: Examining and judging ideas to determine how well they satisfy

criteria. Student is able to criticize and prove the information or idea based on

a set of criteria.

The current science curriculum consists of the standards across eight strands of
science. It is involved around a unifying theme as follows: 1) Living things and living
processes, 2) Life and the environment, 3) Matters and properties of the matters, 4) Forces
and motion, 5) Energy, 6) Processes that shapes the earth, 7) Astronomy and space, and 8)
Nature of science and technology.

Level 3-science curriculum focuses on making decisions and judgements based on
students’ scientific knowledge. These learning outcomes are provided in the standard content
for science level 3 in Thailand (The Institute for the Promotion of teaching Science and
Technology. 2001). The science curriculum for level 3 should be called, therefore, as
‘Comprehensive Science’. Similarly, the Nuffield Science Projects in England wildly used the
word ‘understanding’ in their learning outcomes, according to the science curriculum Key
Stage 3 (The Nuffield Science Projects. 1994).

Understanding of science is crucial for students to learn science especially for
secondary school science. Department for Education and Skills in UK (1998) supported the
idea with five reasons as below:

1. Understanding of science helps students make sense of natural phenomena.
This means science revolves around us on a daily basis and is worth learning.

2. Understanding of science helps students understand the basis for decisions
in an increasingly technological world. In everyday life, people use scientific knowledge as a
tool for decision making. They accept that knowledge in science is useful in their lives. When
they are facing a social problem, they expect to understand, and make decisions (Steve Alsop
and Keith Hicks. 2001:28).

3. When students acquire the skills of how to understand of science, they will
develop investigative and practical skills through science, which can help them solve problems.
One of the important purposes of science curriculum is to develop student’s scientific
processing skills. The processes include observing, classifying, inferring, hypothesizing and
evaluating. The skills help students see things in new perspectives. Moreover Millar (1989)

extends the idea that the scientific process skills are also context dependent. For Millar,
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investigating and experimenting is a collaborative activity. Thus, teamwork, respecting for
others’ ideas and promoting equality of opportunity, developing ideas of co-operation, and
exploring the ideas should be encouraged in science classes.

4. Science is interesting and intellectually stimulating. Science stimulates
student’s intellectual. Millar and Osborne(1998: 5) state that the science curriculum itself is
interesting and it can help sustain and increase students’ curiosity about the natural world
around them, and build up their confidence to inquire things in their habit.

5. Science is an important part of a contemporary culture and has implications
for people of all nations and all walks of life. This means, understanding of science helps
students to acquires abroad, general understanding of the important ideas and explanatory the
framework of science, and the process of scientific enquiry which have impacts on humans

environment as a whole (Millar and Osborne. 1998: 8).

Bransford; et al. (cited by Tanaprayothsak. 2005) explained that understanding
scientific knowledge involves obtaining knowledge, comprehending meaning of the ideas, and
applying the ideas by using scientific thinking to solve a problem. Students construct scientific
understanding when discovering conflicts between their observations of the natural world, and
express through explanations what they have found. Parkinson (2002) suggested that
understanding of science is an active process of organizing and elaborating the information in
order to expressing the various ideas in a constructed task. When students are placed in
problem-solving situations, they will apply the skills and express their ideas in their own words.
Their understanding can be measured through a variety of means: such as group work or
class discussion, homework, flip chart, writing or reports. This can be seen that the
understanding of science is achieved by students’ discoveries though scientific methods, not
by reading theories.

In this study, while constructing solutions to problems, the students used their existing
scientific knowledge to understand the real world and build up new knowledge for solving the
given problem. They expressed their understanding of science through the various assigned
works, such as, dairy progress report and final report of each problem. The works required
students to identify the problem scenarios where they used their understanding from simple

recall to application level. At the end of the course using the developed science learning
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model, they were tested with short answered questions for measuring their understanding of

science
Section 6: Cognitivism and Constructivism

The Process of Learning

Learning is referred to changes in an individual due to experience (Mazur. 1990).
Psychologists attempt to explain how learning occurs. There is much research that has been
conducted on this issue. Some theories explain particular types of learning, but no single
theory adequately explains how all learning takes place (Crowl, et al. 1997: 23). Behaviourists
attempt to explain learning in terms of how events in the environment affect behaviour or
people’s response to some type of stimulus. While the cognitivists explain learning in terms of
how people think or focus on the brain’s function which the process and stored information are
important in the process of learning.

In this research, Cognitivism and Constructivism were the concepts influencing on the
active learning science model that motivate students to learn how to learn.

Coghnitivism

In cognitive theories, knowledge is viewed as a symbolic mental constructed in the
student’ s mind. Learning process is a means by which these symbolic representations are
committed to memory. Changes in students’ behaviour are observed, but only as an indicator
to what is going on in the learner's brain.

Following are the well-known psychological theories:

1. Gestalt theory
2. Piaget’s theory

3. Vygotsky’s theory
4

Gagne’s theory

Gestalt theory

Gestalt theory is an interdisciplinary theory, which provides a wide variety
of psychology phenomena, processes, and applications. According to Gestalt idea, human
being is actively interacting with their environment as an open system. Gestalt assumes that

people study to understand the relation of the whole to the parts that make up the whole.
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The assumption consists of:
1. Organism responds to specific stimuli.
2. Organisation of the sensory environment influences the human
perception.
3. Concept of insight was introduced.

The Gestalt viewpoint is that human perception could not be a product of
sensory input, because perception is inherent interpretation, and interpretation is a matter of
the subsumption of sensory experience under meaning categories and concepts (David Carr.
2003: 95). Perception is organised into meaningful patterns that include relationships among
elements. The Gestalt psychologists believed that a number of innate factors influence how
students think, while many psychologists believe that these students thinking is as a result of
experience and learning. Although Gestalt psychology emphasises on perception more than
learning, many educators draw it on the instruction guidelines later. The edcators believed that
learners can learn by being aware of the structure of the contents and relationships among its
elements, so that they can organise and retain the body of knowledge. This means that
lectures and texts can be constructed in a way that they can recognize what they learned in a
classroom (Good and Brophy. 1995: 180-181). Learners use recognition to connect with other
disciplines. Koéhler (Cited by Good and Brophy to Kéhler. 1995: 181) supported that learning
condition such as appropriate learning materials can be arranged to encourage student
learning by discovery. Following Gestalt’ s idea, learner learns through self-guided exploration

rather than through teacher’s explanation or modelling.

Piaget’s Theory

There are three basic components of Piaget's theory:

1. Types of knowledge: Piaget’s idea on human cognition is that humans are
active and exploratory information processors who build up knowledge rather than take it from
the teacher or receive pre-package of knowledge from instructions.

2. Stages of development: This component is divided into 4 stages of:

2.1 Sensorimotor is the first stage of Piaget’ s theory. This includes
the first two years of human life. At this period, children are discovering their bodies and
observing surroundings around them. They learn by their sensory motor ability, which

developed after they were born.
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1.2 Pre-operational stage. The second stage includes children at the
age of 2-7 years. The children can remember, imagine and pretend. They can develop their
language and ability to think and solve problems through the use of symbolic thinking.

1.3 Concrete operational stage. The third stage covers the age of 7-
12 years. During this stage, children can think about actual objects, but not abstract reasoning.

1.4 Formal operational stage. This stage begins at the age 12
throughout adulthood. The characteristics of this stage are abilities to think in abstract
reasoning, formulate hypothesis and test for answering a problem (Good and Brophy. 1995:
31).

3. Processes allow a transfer whether it from one stage to another. The
process of cognitive development consists of Schema, assimilation, accommodation, and
equilibration. The descriptions are as follows:

3.1 Schema: This is a mental representation. Newborn child knowledge
is structured around simple actions on objects, such as sucking, smelling, and shaking, but not
in abstract concepts. Piaget explained the schema as cognitive, verbal, and behavioral
frameworks, which are developed to organize learning and to guide behavior (Good and
Brophy. 1995: 33-35). This stage, knowledge about the environment and how to respond to
the external stimuli is stored in a form of scheme. Thus, cognitive schemes are concepts,
images and thinking abilities, involves understanding.

3.2 Assimilation; This is an act of integrating new information into the
existing schema. It is the process that human perceives information based upon existing
schemes or operations and carry out activities or respond to a stimulation.

3.3 Accommodation; Children at this stage adjust their knowledge
scheme to accommodate the knowledge items. The cognitive perception requires modification
of schemes or operations for facing stimulus and carrying out current purposes.

3.4 Equilibration; This stage is the balance between the assimilation
and accommodation. The relationships of both stages push the cognitive growth and the move
between different stages of development. This change causes active development towards a
new stage. When children are presented with new information, equilibration is unsTable.
Accommodation will be adjusted and cognitive perception is changed. (Good and Brophy.

1995: 33-35: Crowl et.al. 1997: 51-53).
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Piaget’s viewpoint in the scheme development indicated that there are

four factors influencing on it. These are 1) maturation, 2) individual experiences, 3) social

interaction, and 4) equilibration. The social interaction factor involves formal and informal

socialization and education. Equilibration involves internal self-direction and regulation. This is

seen that students who self-explore environment and solve problems develop these cognitive

operations when constructing knowledge.

Following Piaget’s theory, all knowledge is a human construction

starting with blank ideas. Learning is an internal process that occurs in the mind of the

individual and confliction in thinking is essential to the learning process. Although late research

has argued that newborn do not start with blank ideas and many kinds of knowledge develop

earlier than Piaget’s stage referred, the teacher can stimulate learning in the classroom rather

than waiting for natural development.

Gredler (2001) suggested that following up from the arguments,

learning environment in Problem-based approach drives and stimulates student’s cognitive

development rather than have teachers directed. The teachers instead choose problems that

can be solved in different ways and all students are engaged in the problem solving process

that arouses students to think. The teaching and learning approach helps students reach the

higher stage of cognitive development earlier than natural development.

Bruner’s theory

The assumptions of Bruner’s theory is that learners construct new knowledge

or concepts based on learner’s current and past knowledge through various steps of:

1.

o o A DN

Selecting information
Constructing hypothesis
Transforming information
Constructing hypothesis
Making-decision

Relying on cognitive structure (Bruner. 1966).

Jerome Bruner is a psychologist who developed a theory of cognitive

development to help teachers promote student learning and thinking. He believed that people

develop their cognition through the following:
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1. Enactive stage; This stage is similar to Piaget’'s sensorimotor stage.
That is, hands-on activities with a variety of objects are essential for young children to learn
effectively.

2. Iconic stage; This focuses on the essential of visual representation,
which helps children think and understand the world.

3. Symbolic stage; At this stage, children’s cognition is developed to

understand symbols, words, mathematical and scientific notations.

Bruner’s viewpoint is similar to Piaget in that students learn best by doing or
active learning which is called Discovery Learning. That is, teacher teaches by using the
guiding technique of discovery by creating situations that help students induce ideas for
understanding. The technique encourages students to discover the structure of the material by
focusing on ideas and seeing a connection between ideas. They learn best when they grasp
the structure of material instead of memorizing details (Crowl et al. 1997: 74-75). Teachers
encourage students’ curiosity to explore new knowledge through direct experiences.

Following the Bruner's theory, which is adopted as an active instruction, four
major aspects should be addressed in learning activities:

1. Predisposition towards learning.

2. The ways in which a body of knowledge could be structured so that
most of learners can grasp it.

3. The most effective sequences of learning materials.

4. The nature and pacing of rewards and punishments. Good
methods for structuring knowledge should be resulted in simplifying, generating new
propositions, and increasing the manipulation of information (Alsop and Hicks. 2001: 50; Amos
and Boohan. 2002: 178.; Crowl et al. 1997: 74-76).

Whilst instruction is concerned, the instructor should encourage students to
discover principles by themselves. The instructor and student should engage in an active
interaction. The tasks of instructors are to translate information into an appropriate form for the
learner's existing understanding. Curriculum should be organized in a spiral manner so that

students can continually construct knowledge upon the information they have found.
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Vygotsky ’s theory

The assumptions of Vygotsky's theory are:

1. Making sense of meaning.

2. Tools for cognitive development. Learning tools include parents, important
persons to the students, culture, and language. The type and quality of these tools affect the
rate of development (Vygotsky. 1978).

3. Zone of Proximal Development. This assumption was developed because
Vygotsky felt that the Piaget’ s theory had underestimated the social nature of human being in
learning and development ability. In the zone of Proximal Development, human has the
difference between individuals’ levels of performance when working alone and when they work
by being guided with experienced person (Reynolds and Gutkin. 1999: 178-180). Following
Vygotsky’s theory, Faculty of Education, University of Malta (2003) categorized students’ level
of problem solving skills into: 1) Student could perform independently, 2) Student could not
perform even with help, and 3) Student could only perform with help from others.

Vygotsky believed that humans create culture and life in a society. He
emphasized the importance of socio-cultural contexts in student’s learning and supports
Bruner’ discovery model of learning. That is the teacher is placed in an active role while the
students develop their cognition naturally through discovery from various methods. For
Vygotsky, learning and cognitive development depend on students constructing self-
understanding through social and collaborative activities. The teacher’s role is as a facilitator in
the learning activity.

Many researchers supported Vygotsky’s theory, such as, Slavin (1987) who
researched the effects of enhancing cooperative learning on student cognitive development.
Brown and Palincsar (1989) studied the effects of reciprocal teaching on foster cognitive
processing and individual knowledge acquisition. Johnson and Johnson (1986) studied the
effects of the motivational processing, competitive and individual learning situation in the
science classroom. The researchers reported that social and collaborative activities positively

affected students on achieving learning goals.
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Constructivism

Gredler (1992) stated that “ Piaget has been admired as a radical constructivist”. His
cognitive development theory is a radical of constructivism. Synonymously defined as learner
centered or problem-based learning (Faculty of Education, University of Malta. 2003). Yaker
(1991), on the other hand, stated that it is a model of how learning takes place rather than a
theory of how rationality develops. The viewpoint behind constructivism focuses on thoughts or
understanding rather than formal operations of logic that thought can be involved.
Constructivism is a concept that learners actively construct their own knowledge. The heart of
constructivism is the view that the proactive mental construction processes develop cognition
(Gunstone and White, 1994). Students’ conceptualization arises through the interaction
between previously stored knowledge and current data. Simson (1990) and Mahoney (1988)
advocated that this point is sTable at work, testing and hold the meaning to new information in
terms of the previous conceptions of phenomena. This is in line with Dewey’s idea that
students learn best when they need the knowledge or skills to explain natural or real life
phenomena (cited by Gunstone and White. 1994).

Constructivism not only emphasises on how learners learn, but itself also is a powerful
tool of learning processes. The approach has been applied to the cognitivists’ theories of
Piaget, Vygotski, and Bruner. Although the three theories are different based on roles of
individuals and social contexts, they are similar in that the learners actively construct their
knowledge of the world by their own self. This implies that constructivism approach
emphasizes on student-centered learning rather than teacher-centered. The teachers role are
as facilitators or coaches who facilitate and help students construct their knowledge and come
up with solutions to problems. Piaget supported the ideas that the most important role of the
teacher is to arrange an environment supporting the students to learn by self-experiencing.
Their understanding will be formed through many routes, such as; reading, listening, exploring,
and experiencing their environment. The students should be challenged with real life problems,
which are arranged in the classroom. He also stressed that students should have a freedom to
understand and construct learning through individual developmental processes (Gunstone and
White. 1994). This is seen that Piaget’s philosophy focused on students’ attention and their
needs. Students will provide opportunities to explore and construct their own knowledge rather

than receiving knowledge directly from the teachers (DeVries and Kohlberg. 1987).
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Lev Vygotsky (1978) developed the social constructivist theory. That places a teacher
as a facilitator. The students’ cognitive abilities, however develop spontaneously through the
steps of discovery. He emphasized that development and learning are influenced each other.
In the classroom, students build up their own understanding through social activities and
collaborative tasks. Vygotsky believed that self-learning through those cannot be taught. When
students face situations, they will apply their existing knowledge. As a result, learning should
take place in meaningful contexts. The students’ previous knowledge will mean more when
provided with guidance and assistance from teachers, parents, or experienced peers.
Moreover, Piaget and Vygotsky were interested in cognitive development, but piaget believed
that cognitive development is vital before learning, whereas Vysgotky believed that
experienced persons and social interaction play important role in determining learners’
cognitive development.

Following Vygotsky’s idea, Faculty of Education, University of Malta (2003) suggested
that school experiences should be related to real-life situations. Pictures, news clips, and
personal stories are integrated into classroom activities, which gives students chances to
interact with their real situations in communities. So when students are trying to solve
problems, they are required to know more than that of their existing knowledge by:

1. Thinking hard about their ideas that may form a solution later on,
2. Collaborating and discussing with others,
3. Simply learning by chance.

Johnson and Johnson (1986) supported that in-group work situation, students will
interact with the members of the group, in which they can learn from their peers. This is in
accordance with the Vygotskian’s theory that children can achieve through proximal
development provided by the helps and supports of an adult but not on their own (Vygotsky,
1978). The idea was supported by the concept of scaffolding, which was introduced by Bruner
(1986). Bruner places teacher as supporter to help the pupils learning by themselves through
activities, questioning, explanations and discussions. During scaffolding, teachers do not adjust
the task but offers support and guidance for the learners. By doing so, it helps students
develop their intellect. Alsop and Hicks (2001) extended the idea that ‘Scaffolding’ can come
in a variety of forms and depend on the nature of task. Teachers might set up situations that

are familiar to the students, then split a task into series of manageable stages in order to
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reduce a level of complexity. The task should be psychologically and socially appealing to
reduce stress and create a classroom environment that is supportive of learning.

Learner’s ability to learn depends on their abilities to process new information (Amos
and Boohan citing Adey. 2002). The effectiveness of the information processing depends on
the previous understanding that the receiver already has and the abilities how well the
information is being processed. Human'’s ability to process information grows along with ages
and experiences. This is in line with the basis of the stages of cognitive development
described by Jean Piaget (Gunstone and White citing Piaget. 1994). Children’ abilities to think
abstractly will be developed in the stage of formal operation (from the age of 12 up). At the
end of the stage, students are able to design an experiment themselves and formulate
qualitative relationships between variables (Alsop and Hicks. 2001). The Piagetian framework
is used for students’ cognitive development projects in UK as well as the CASE project. Adey
and Shayer (1994) developed the project as an intervention programme based on Piagetian
Stages. The CASE project is a series of teaching activities and it becomes popular in British
seconadry schools.

Learning process in constructive science classroom consists of the activities that
students will inquire, search, and construct knowledge by themselves. That is, students learn
science through individuals’ creativity and acquire knowledge based on their previous
knowledge. Students will understand what they are learning and gain more knowledge to get
the concepts on their own. This is in line with Szesze (cited by Tanaprayothsak. 2005: 25)
who describes the constructive science classroom. They are as follows:

1. Encourage and accept students autonomy and initiation.

2. Use raw data and primary sources, along with manipulative, interactive and
physical materials.
Use cognitive terminology, when designing tasks.
Allow students to think, and be flexible based on students’ responses.
Inquire students whether they understand the concepts.
Encourage students to engage in dialogue with others.

Encourage students to ask open-ended questions.

o N o o oW

Help students come up with their hypotheses which come from the
discussion.

9. Encourage students preliminary discuss their preliminary hypotheses.
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10. Allow wait time after posing questions.
11. Provide time for students to create metaphors.
12. Nurture students’ curiosity using the 5Es learning cycle.

According to Szesze, constructive science classroom emphasizes on students-centred
learning and teaching style through various instructional strategies, such as, collaborative
approach, problem solving approach, problem-based learning approach. All strategies are
considered as important tools that can help students enhance their critical thinking skills.

Considering The Thai National Science Curriculum of B.E. 2544 particularly on level 3
science, students encourage to learn and develop their cognition at a formal level of thinking
through learning activities. The objectives of the science curriculum are to help students
improve their abilities to think with scientific thinking skills. Activities can be carried out over a
period of time and content free. This indicates that The Thai National Science Curriculum of
B.E. 2544 emphasized that science learning process is an intervention approach rather than
instructions given in teaching. In this study, the problem-based learning approach is used as
an instructional strategy to train students to be scientific thinkers. The approach is viewed as

an effective teaching approach, which was discussed in the section 1.



Chapter 3

Research Methodology

This study was the Research and Development of a science learning model on life and
living for level 3 using problem-based learning and tutorials. In this research, there were two
major steps concerning development of a science learning model as follows:

1. Steps of Development

2. Steps of Implementation

Steps of development

The steps of development consisted of six essential tasks as follows.

1. Investigating the current teaching and learning style, problems and ways for finding
the problem.

1.1 Studying background information from governmental documents, published
articles in newspaper, handouts presented in educational conferences, as well as teachers
interviewing and science educators’ suggestions.

1.2 Exploring on educational system from journals, e-journals and handouts
presented in educational conferences.

1.3 Synthesising the information to choose the situation that students
encountered on their daily basis and on how was their understanding of science.

1.4 Setting up the criteria when developing new materials.

2. Exploring the principles of science curriculum development including processes of
thinking, critical thinking development, understanding of science and nature of science. It was
important to set up the expected achievement in the science learning model. This stage was
done by exploring the methods used for curriculum development in secondary schools,
comparing between new teaching and learning approach, and methods for assessment. The
tasks consist of:

2.1 Identifying the main curriculum ingredients before deciding the appropriate
methods. The emphasis was on the acquisition of critical thinking skills as the basic scaffolding

to understanding of science.
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2.2 Reviewing principles of curriculum development from texts and governmental
publications.

2.3 Reviewing educational research.

2.4 Reviewing results of studying from theses and dissertations.

2.5 Synthesizing the principles and theme of science curriculum to develop a set
of criteria for new materials.

3. Exploring theories of developmental psychology particularly in the cognitivism and
constructivism.

3.1 Reviewing educational research.

3.2 Reviewing theses and dissertations.

3.3 Reviewing theories of developmental psychology and educational psychology
emphasised on Theory of cognitive development and constructionism from texts, e-texts, and
handouts presented in educational conferences.

3.4 Synthesising the processes of cognition development that were appropriate
for the target groups.

4. Exploring the concepts of problem-based learning, evolution of problem-based
learning, models for problem-based instruction, strategies for using problem-based learning, as
well as related development psychology to problem-based learning.

4.1 Reviewing the evolution of Problem-Based learning, concepts, model of
problem based instruction and strategies.

4.2 Reviewing educational research about Problem-Based learning approach.

4.3 Synthesising the ideas for development of new teaching and learning
approach for secondary school students.

5. Developing the science learning model on life and living for level 3 using problem-
based learning and tutorials. The main aims for development of the science learning model
were to encourage the development of students’ critical thinking skills, understanding of
science, and increase students’ science achievement. The model was carefully designed and
modified through seven consecutive stages of Lane and Remley (2002). The essential
elements of designing model were focused on the National Science Curriculum objectives and
science content for level 3 focusing on human body, drugs and drug addiction, students’

alternative ideas, integration of educational tools, and social issues.
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In this stage, there were eight steps for developing the problem-based learning course
for lower secondary schools as described in the below.

5.1 Setting up the goal for providing the content areas, which were covered in
the content of the course. This step was based on The National Science Curriculum of
B.E.2544 and strand titles.

5.2 Setting up the course objectives and learning outcomes, which were
substantial for organizing the courses.

5.3 Developing a set of criteria when selecting a topic for the problems in the
problem-based learning and tutorial course. The problem should be intriguing and appropriate
for students to learn in a school context, whereas teachers should have knowledge on the
issues.

In this study, a set of criteria for selecting problems in the problem-based
learning and tutorial approach was developed around the factors influencing on students’
interest and school contexts. The developed criteria was as follows:

1. Students’ interests: This was a starting step for students to
participate in their learning. They discussed what they were interested in and wanted to
investigate more. This learning activity was arranged in line with the students’ interests and
appitudes following to the Section 24(1) of The National Educational Act of 1999.

2. Interestedness: In a social context, every issue relates to
science subjects and may become a problem in the problem-based learning. Students started
to learn how they should set a priority of the interested problems. Simultaneously, they learned
how to make decisions and sorted out the ideas.

3. Learning objectives: The selected problem should cover the
intended objectives and achievement target provided by The National Science Curriculum.

4. Feasibility of school management: The limited factors in the
school context should be considered, such as, availability of school facilities, level of difficulty
for the students to learn, etc. In this step, local school teachers’ meetings were held to share

the ideas, consider on instruction tools, and plan for the actual implementation.
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5.4 Constructing the problem and give a scenario situation, which described
sequences of events. The scenarios helped drive students’ learning processes.

Following the criteria for selecting problems in the problem-based learning
and tutorial approach, three real life issues were developed to be problems in the science
learning model using problem-based learning and tutorials. Those were;

1. Alcohol and health effects

2. Paracetamol and health effects

3. Amphetamine and health effects

5.5 Developing a set of learning plans by selecting suiTable activities and

giving students enough time for each provided problem. Learning plans in this study consisted
of three important parts: science concepts, learning processes, and expected outcomes. The
developed learning plans were approved by the three experts. These included a science
educator, an experienced scientist and an educator in instructional design. All of them had
more than 5-year experiences in instructional design, or science teaching. A set of developed

learning plans was shown in Table 2.
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TABLE 2 Learning plans in the science learning model using problem-based learning and

tutorials
Section Concepts Learning process Expected outcomes
Problem1: 1. Alcohol is a 1. Teacher presented a |Students are able to:
Alcohol and depressant drug. problem scenario to 1. Describe how alcohol

Health effects

Excessive quantity of
drinking alcohol can
cause many problems,
at worst alcoholism,
can Kill.

2. The role of the
digestive system is to
break down the eaten
large size food into
small pieces enough to
be absorbed through
the gut wall and
dissolved in the blood.
3. The nervous system
co-ordinate muscles
and regulates body’s
internal environment,
such as, breathing and

heart rate.

drive the students to
learn.

2. Students learned in-
groups for identifying

the given problems,
exploring and selecting
the related information,
deducting the
information, interpreting
data, and explaining the
solutions.

3. The teachers acted
as a tutor or monitor who
supported the students’
learning by motivating
them to learn and
guiding them with the
developed tutorial guides
contained science core
concepts, learning
objectives, information
sheets, as well as giving
teachers’ feed back
immediately for

correcting the students’

affected human body,
and how over drinking
can lead to liver cirrhosis.
2. Explain the role of
digestive system, nervous
system, and
homeostasis.

3. Describe the structures
and functions of the
digestive system, nervous
system, nervous system,
and homeostasis.

4. Interpret the given
sequential information to
come up with a solution to

the problem.
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Section Concepts Learning process Expected outcomes
mis-conceptions.
4. The students used
their critical thinking skills
as scientific skills to solve
the problems.
Problem 2: 1. Paracetamol is a 1. A problem was Students are able to:
Paracetamol |fever and painkiller. presented scenario 1. Describe how
and health The overuse of to drive the students’ paracetamol affected
effects paracetamol can learning. human body, and how

cause harm and even
death through accidental
overdose or suicide.

2. Kidneys are excretory
organs, which remove
wastes and harmful
substances with a lot of
water called urine out
of body.

3. Liver also excretes
some breakdown
products pass-out of
body within feces.

1. Homeostasis is the
process of managing the
internal environment

of human body.

2. Students learned
in-groups in order to
identify the given
problem, selecting the
useful information,
deducting the
information, interpreting,
and explaining the
solutions.

3. The monitor
motivated students to
learn and guided them
with the developed
tutorial guides.

4. The students used
their critical thinking
as scientific skills skills
to work on the given

problems.

overdose can lead to liver
and kidneys damages.
2. Explain the role of
kidneys to produce
urine, and how a kidney
is involved in
homeostatsis.

3. Explain the functions
of liver and the roles in
regulating the blood
substances.

4. Interpret the given
sequential information to
a solution of the given

problem.
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Section

Concepts

Learning process

Expected outcomes

Problem 3:
Amphetamine
and health

effects

1. Amphetamine is
stimulant and cause
physical dependence.

It produces serious
depression, and affect
human health in many
ways.

2.The nervous system
has two parts of: central
nervous system (CNS),
and peripheral nervous
system (PNS). Brain
contains the centers that
control various functions
and emotions. The spinal
cord connects messages
from the sensory receptor
and the motor nerves
and then to the effector
organs.

3. The respiration is
the act of breathing.
Gas exchange is
necessary to maintain
life. The gases breathed
out containing the body
waste products are

exhaled from the lungs.

1. Present a problem
scenario to drive the
students’ learning.

2. Students learned in-
groups for identifying the
given problem, selecting
the useful information,
deducting the
information, interpreting,
and explaining the
solutions.

3. The facilitator
motivated students to
learn and guided them
with the developed
tutorial guide.

4. The students used
their critical thinking
skills as scientific skills
to work on the given

problems.

Students are able to:

1. Describe how
amphetamine affects
human health, and
how it leads to death.

2. Describe the
tructure and functions
of CNS.

3. Explain the structure
and functions of PNS.

4. Describe how the
nervous system
maintains homeostasis.
5. Describe the structure
and functions of the
respiratory system.

6. Describe the breathing
mechanism.

7. Summarize the
functions of various
hormones.

8. Describe the male and
female reproductive
organs, and their
functions.

9. Describe how the
composition of blood

changes when it passes
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Section

Concepts

Learning process

Expected outcomes

And the gases
breathed in oxygen for
the tissues of the body
4. Hormones are
chemicals substances
which are produced
from various glands of
the body. Its effects on
the organs are a long
lasting and functions to
adjust the target organsg
function.

2. The reproductive
system is different
between male and
female. The sexual
reproduction involves
the production of sex
cells. It contains
chromosomes filled
with the hereditary
information that are
transferred to offspring.
3. The blood is
circulated throughout
the body by the heart
and the blood vessels.
It transport food and
oxygen to every cell in

the body.

into the lungs and the

intestine.
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Section

Concepts

Learning process

Expected outcomes

Lectures and

discussions

The lectures and
practicals focus on:

1. The respiratory
system

2. The nervous system
3. The reproduction
system

4. The skeleton and
muscle system

5. Homeostasis

6. The blood circulation
system

7. Drugs and drug

addictions

Lectures and laboratory
practices are based on
the National Science
Curriculum by the

teacher.

1. Discuss and explain
the structures of human
body systems and their
functions.

2. Discuss and explain
the experimental results
related to human body

and its functions.
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5.6 Determining appropriate learning resources and provide a list of resources
available when needed, as well as had information sheets provided as fundamental
information for stimulating students’ curiosity as well.

Some examples of textbook and websites which were learning
resources in this study were shown as follows:
1. GCSC (2003). Double Science Biology: The Revision Guide for
Highe Level CGP books. London.
Thaiwatanapanit (1999). Human body. Bangkok.
http://www.ipst.ac.th
http://www.geocities.com

http://www.thaiquit.com

2 T

www.vichakarn.com
7. www.thailabonline.com
5.7 Providing tutorial guides. Which included the contents and a series of
questions. The tutorial guide was on for teachers’ use.

For this study, tutorial guides were considered as an important part for the
science learning model. The tutorials were structured based on the subject contents and
achievement goal. It included a list of defined concepts of the given problems and related
information, learning objectives that lead to apply the concepts to the solutions of the
problems, and the stimulus materials (such as information sheets and tutorial guides).

The steps for developing the tutorials were:

1. Reviewing literature on theoretical frameworks of tutorials in
problem-based learning approach.

2. Designing a set of tutorials guide for each section in the
science learning model using problem-based learning and tutorials.

3. Examining the tutorials by the three experts. These included a
science educator, an experienced scientist and an educator in instructional design. All of them
had more than 5-year experiences in instructional design, or science teaching. The results
were shown in terms of the Item-Objective Congruence (I0OC) value as shown in Table 3.

4. Trying out in small group of students. The objective of tutorials

guide was to motivate students to learn on their own and to encourage them to dig deeper in
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what they were interested in. Students’ further suggestions were valuable to this type of

learning.

TABLE 3 The Iltem-Objective Congruence (IOC) evaluating results of the science learning

model using problem-based learning and tutorials.

The evaluation list IOC (N = 3) Interpretation

1. The purposes of the science model corresponding to 1.0 Appropriate

the Problem-based learning philosophy

2. The learning outcomes of the section 1 1.0 Appropriate
3. The learning outcomes of the section 2 1.0 Appropriate
4. The learning outcomes of the section 3 1.0 Appropriate
5. The learning outcomes of the section 4 1.0 Appropriate
6. The learning plan of the section 1 0.67 Appropriate
7. The learning plan of the section 2 0.67 Appropriate
8. The learning plan of the section 3 0.67 Appropriate
9. The learning plan of the section 4 0.67 Appropriate
10. Tutorials 1.0 Appropriate
Section 1 1.0 Appropriate
Section 2 1.0 Appropriate
Section 3 1.0 Appropriate
Section 4 1.0 Appropriate

5.8 Identifying and developing a set of assessment instruments and
assessment procedure. Assessment was necessary because it helped reflect students’
progress during their learning.

The assessment instruments included three important tests: critical thinking
test, understanding of science test, and science achievement test. The steps of development

of each test were described below.
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1. Critical thinking test

Critical thinking test in this study consisted of 15 multiple choices
questions. They covered 5 components of critical thinking skills, which included identify the
problem, select the useful information, deduce the relevant information, interpret the given
data, and explain the finding results. The tasks for developing the critical thinking test were as
follows;

1.1 Reviewing literature on theoretical frameworks of critical thinking
tests, for instance, the Watson-Glaser Critical Thinking Appraisal (WGCTA) by Watson and
Glaser(1964), critical thinking skills model by Sternburge’s (cited by Halonen and Santrock,
1995), and Facione’ s crititical thinking test model (1990). All models presented a variety of the
cognitive components of problem-solving skills.

1.2 Setting the learning objectives and the learning outcomes.

1.3 Designing a critical thinking test. The test consisted of 15 multiple
choice questions covering 5 components of critical thinking skills: 1) problem identification, 2)
selection of useful information, 3) deduction, 4) interpretation, and 5) explanation. The time
given for this critical thinking test was 30 minutes.

1.4 Examining and verify the validity of the test. Three Experts
examined on the contents and structure of the test. The results were shown in terms of the
Item-Objective Congruence (IOC) value as shown in Appendix C.

1.5 Evaluating level of difficulty (p-value), item discrimination
(r-value), and reliability coefficient (Kuder-Richardson 20) of the test. The subjects were 100
students of MS 3/3, 3/4, and 3/5 in Mathayom Sangkit Wittaya Bangkok School who learned
the related contents last academic year. The findings were that p value and r value of the test
were 0,46-0.63 and 0.24-0.61 respectively, and the reliability coefficient (Kuder-Richardson 20)
was 0.52.

2. Understanding of science test
Understanding of science test was structured based on science core
contents. It emphasized on substrand 1.1.1 and 1.1.7. Students used their science knowledge
to answer the test that consisted of
2.1 Reviewing the documents on the target achievement of The

National Science Standard focusing on human body, drugs and drug misuses for level 3.
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2.2 Designing the test, which consisted of 6 short-answer questions.
The answers were related to the digestive system, respiratory system, nervous system,
reproductive system, circulatory system, immunity system, drugs and health effects.

2.3 Examining and verify the validity of the test. Three Experts
examined on the contents and structure of the test. The results were shown in terms of the
Item-Objective Congruence (IOC) value as shown in Appendix C.

2.4 Evaluating the reliability of the test. 30 students of MS 3/3 and 3/5
in Mathayom Sangkit Wittaya Bangkok School were tested to measure the reliability of the
test. The finding was that Cronbach’s alpha coefficient of the test was 0.925.

2.5 Evaluating the construct validity in small group experimenting by

using Carver method (Saiyot.1996). The finding was that the construct validity was 0.70.

3. Science achievement test

3.1 Reviewing the documents on the target achievement of The
National Science Standard focusing on human body, drugs and drug misuses for level 3.

3.2 Designing the test consisting of 5 questions of Modified Short
Essay Questions. The test emphasized on assessing the third level of knowledge structure.

3.3 Examining and verify the validity of the test. Three Experts
examined on the contents and structure of the test. The results were shown in terms of the
Item-Objective Congruence (IOC) value as shown in Appendix C.

3.4 Evaluating the reliability of the test. 30 students of MS 3/3 and
3/5 in Mathayom Sangkit Wittaya Bangkok School were tested to measure the reliability of the
test. The finding was that Cronbach’s alpha coefficient of the test was 0.996.

3.5 Evaluating the construct validity in small group experimenting by
using Carver method (Saiyot. 1996). The finding was that the construct validity of the test was

0.70.

4. Student satisfaction questionnaires
4.1 Reviewing the documents relating to the student satisfaction
questionnaires.
4.2 Designing the questionnaires, which consisted of 18 questions.

Those were:
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Part 1 question 1-4; regarding student’ satisfaction with the course
format.

Part 2 question 5-15; regarding classroom management information.

Part 3 question 16-18; regarding the student’s reflection of the science
learning model using problem-based learning and tutorials.

4.3 Examining the test by the three experts. The finding was shown in
Appendix C.

4.4 Trying out in a small group. The consideration was that the the

objectives and language used in the questionnaires were appropriately.

The evaluation framework of the research instruments and outcomes of this

study was shown in Table 4.
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TABLE 4 Evaluation framework of instruments and outcomes

Research instruments

Methods for evaluation and outcomes

1.Science learning model

2.Learning plans

3. Assessment instruments

3.1 Critical thinking test

3.2 Understanding of science test

3,3 Science achievement test

4. Satisfaction questionnaires

1. Experts considered on the essential elements of
learning goals and objectives. The results were
shown in term of the “Item -Objective Congruence”.
The science learning model was improved
following the experts’ comments.

2. Experts criticized the learning plans on learning
objectives, context of learning, learning activities,
educational materials, and learning assessments.
Following their comments, lesson plans were
drastically improved and they were be try out
in small group before implementing in science

classroom.

3.1 Approved by the educational experts and tested in a
small group students. All questions of the test were
selected regarding to the accepted p-value and r-
value. These were 0,46-0.63 and 0.24-0.61
respectively, and r « (KR-20) was 0.52.

3.2 Approved by the educational experts and tested in a
small group students. The Cronbach’s alpha
coefficient of the test was 0.925 and the construct
validity was 0.70.

3.3 Approved by the educational experts and tested in a
small group students. The Cronbach’s alpha
coefficient of the test was 0.996 and the construct
validity was 0.70.

4. Experts commented the test in term of the 10C value.
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6. Trying-out in a small group. The purpose of this step was to determine the quality of
the science model before implementing in a science classroom. Teaching and learning
processes, steps of delivery, language for communication would be considered. The tasks in
this step were that the science learning model using problem-based learning and tutorials was
used to teach in a group of 10 Mathayom 2/5 students who have never learnt the contents of
human body and its functions, drugs and drug misuse before. The group was not then target
population and had heterogeneously mixed learning abilities. Also the 10 Mathayom 3/5
students who took some science course before were selected to try-out. Observation and
Interviewing on students’ learning process were considered in this step. The students’
alternative ideas, the observation results, and students’ suggestions were used to improve the

model before implementation.

Revising the science learning model using problem-based learning and
tutorials followed to the findings from the try-out

The experts’ opinions were that the words used in the science learning model
should be improved for students’ better understanding. The timeTable should be adjusted in
order for students to learn effectively. They stated that the instructional strategy used in the
science learning model was new for Thai students. Although it might be difficult at the
beginning, students were later familiarised with it, enjoyed learning and got better achievement
at it.

The findings from the experts’ suggestions, the trying-out and the teachers’
opinions were used in order to revise the science learning model. Particular the language used
in the model was revised to easier language for students understanding what they were
learning about. The time length for each scenario problem was revised from 8 hours to be 6
hours. All the experts and the teachers advocated that the problem-based approach is a new
way for students learning in science. The contents related to problems were appropriately for
level 3 students although they were not familiar to the approach. The teachers agreed that this
was an effective approach that should be engaged in multidisciplinary subjects.

According to the findings, those indicated that the science learning model using
problem based learning and tutorials focused on human body, drugs and drug misuses was

appropriately used for level 3 science students and learning objectives, the time length of 24
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hours in total, and the assessing tools. This was ready for moving to the step of implementing
in the science classroom.
Steps of implementation: There were two steps as follows:

1. Research methodology

A randomized control-group pretest-posttest design (Campbell and Stanley cited by
Saiyot and Saiyot. 1995) was used to compare the learning outcomes between students who
took a science class using a problem-based learning and tutorial approach, students who did
so with a problem-based learning approach, and students who did so with a conventional
approach in the same science contents programme. The subjects were arranged into groups
of six for solving the provided problems. The positive learning outcomes were reflected
through the students’ higher critical thinking skills, higher understanding of science, higher
science achievement, and higher satisfaction of the science learning model.

Population and sample:

Population was the lower secondary science students in a local school in
Prathumthanee Province. Subjects were three classrooms in Mathayom 1 from Mathayom
Sangkit Wittaya Bangkok School. They were in their 13 at average. These students were
taking the science course in the second semester of academic year 2004. The course
timeTable was two periods of two-hour class and 1-hour class per week for eight weeks.
Students from three different classrooms came from the same socio-economics background
and had mixed of students’ abilities. The 41 students of Mathayom 1/5 were the experimental
group learned with the science learning model using problem-based learning and tutorials
approach. The 43 students of Mathayom 1/4 learned with the problem-based learning
approach. The other group of 35 students of Mathayom 1/1 was the control group learned with

the conventional learning approach. This research design is shown in Table 5.

TABLE 5 Research design.

Experimental group 1 Experimental group 2 Control group
Instructional Problem-based learning Problem-based learning | Conventional
approach learning and tutorial approach approach

approach
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Course duration:

The course duration of the science learning models on life and living for level 3
using problem-based learning and tutorials was 8 weeks (16 class periods) with a total of 24
hours. There were four sections in the science learning model. These are 1) Alcohol and
health effects, 2) Paracetamol and health effects, 3) Amphetamine and health effects, and 4)
Lectures and discussions, which were in response to the students’ needs through evaluation of

the previous sessions. The overview of the course duration was shown in Table 6.

TABLE 6 The overview of the course duration.

Activities and duration Topic Assessment
Pre-test, Critical thinking test,
during December 26-28, 2004 understanding of science test,

and science achievement test

Section 1 (6 hrs), Alcohol and health effects Daily progress report and
during January 3 — 17,2005 written report of the problem
Section 2 (6 hrs), Paracetamol and health Daily progress report and
during January 18- 31, 2005 effects written report of the problem
Section 3 (6 hrs) Amphetamine and health Daily progress report and
during Febuary 1-14, 2005 effects written report of the problem
Section 4 (6 hrs), Lectures and discussions Daily progress report

during Febuary 15-28, 2005

Post-test, Critical thinking test,
during March 1-3, 2005 understanding of science test,
science achievement test, and
students satisfaction

questionnaires
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The science learning model was implemented in science classrooms from
December, 2004 to Febuary, 2005 (24 hrs). Data collection was done before, during and after

the implementation as shown in Table 7.

TABLE 7 Trying-out and implementation activities in this study.

Stage of study Procedure implementation  |Date of implementation

Trying-out in small group 10 students who had December, 2004
heterogeneously mixed
learning ability and were not

target group.

Implementation in science | Presented the science December, 2004 -

classroom learning model to the February, 2005
Mathayom 1 science (24 hrs totally)
classrooms.

Data collection and analysi§ Before, during and after the December,2004 - March, 2005

implementation.

2. Data collection and analysis

Students were evaluated on their critical thinking skills, understanding of science,
science achievement, and satisfaction of the science learning model. The data was collected
before, and after the implementing in science classrooms.

Data from several sources was collected during the course. Quantitative data was
primarily from students’ evaluations based on scores that they received from a critical thinking
test, an understanding of science test, a science achievement test, and a satisfaction
questionnaires. Qualitative data was gathered from student’s interview, class observation and
opinions.

2.1 Quantitative data. Quantitative analysis was useed to compare how the science
learning model has an effect on the experimental groups and the control group. Comparisons
of the experimental groups and the control group were conducted using the various
assessments. Descriptive and statistical analysis were carried out using SPSS. Standardized
effects sizes with 95% confidence intervals were calculated to compare the difference between

the mean scores in the experimental and control groups. The study evaluation was as follows;
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1. Critical thinking test: Before and after learning, students were asked to do
the pretest and posttest followed by a critical thinking test. The results were analyzed with the
descriptive statistics and compared between groups with ANCOVA technique.

2. Understanding of science: The comparison between the pre-test and post-
test results among the three groups would be done using ANCOVA technique.

3. Science achievement: Students were tested with the developed modified
essay questions as is the final examination. The results were compared with ANOVA
technique.

4. Satisfaction of the science learning model: The student satisfaction
qguestionnaires were presented to the two experimental groups. They were asked to reflect
their experiences on the science learning model. Descriptive statistics was used for analysing
the results.

5. Levene statistics and Welch statistics were used instead of ANCOVA and
ANOVA when the variances between groups were unequal (Vanichbancha, 2006: 244-250).

The evaluation framework and statistical analysis in this study was shown in
Table 8.

TABLE 8 Evaluation framework and statistical analysis.

Assessment Student group Statistical methods

Critical thinking test Between groups Percentage, standard deviation,
ANCOVA

Understanding of science test |Between groups Percentage, standard deviation,

Welch statistics

Science achievement test Between groups Percentage, standard deviation,
ANOVA
Satisfaction The two experimental groups |Descriptive statistics

2.2 Qualitative data. The plenary discussions among students in classroom were
documented. During the process, teachers’ interview, solutions, conclusions and summary,
students feedback were collected. identifying the students’ learning processes. Teacher's and
researcher’s opinions should be taken into consideration in any analysis. This interpretative
commentary is intended to integrate the classroom context while this research was being

conducted.



Chapter 4

Results of the study

This chapter presents the results of the study of the development of science learning
model using problem-based learning and tutorial approach. The hypotheses of this study were

as follows.

The research hypotheses of this study were:

1. The students who took the course with the problem-based learning and tutorial
approach received critical thinking test scores higher than those who did so with the problem-
based learning approach and the conventional approach.

2. The students who took the course with the problem-based learning and tutorial
approach received science understanding scores higher than those who did so with the
problem-based learning approach and the conventional approach.

3. The students who took the course with the problem-based learning and tutorial
approach received science achievement scores higher than those who did so with the
problem-based learning approach and the conventional approach.

4. The students were satisfied with the science learning model using problem-based

learning and tutorial approach.
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The results of the effects of the science learning model using problem-based learning

and tutorial approach were shown below.

1. The first hypothesis: The students who took the course with the problem-based
learning and tutorial approach received critical thinking test scores higher than those who did
so with the problem-based learning approach and the conventional approach.

Regarding the hypothesis, it was expected that the science learning model using
problem-based learning and tutorial approach was an effective approach in developing
students’ critical thinking skills more than the other approaches. Comparison of students’ score

from the three sample groups on the critical thinking test was shown in Table 9.

TABLE 9 Students’ score from the three sample groups on the critical thinking test.

Student group-course N Minimum Maximum Mean S.D.
PBL and Pre-test 41 0.00 2.00 1.0976 0.58330
tutorial Post-test 41 6.00 13.00 8.3171 1.67987
PBL Pre-test 43 0.00 3.00 1.0465 0.65296
Post-test 43 5.00 11.00 7.5581 1.53223
Conventional Pre-test 35 0.00 2.00 1.1429 0.60112
Post-test 35 5.00 12.00 7.6571 1.69676

According to the result shown in Table 9, the pretest minimum score was 0 in all
groups, while the students who took the course using problem-based learning and tutorial
approach received the highest maximum posttest scores at 13, as well as the highest posttest
means scores at 8.3171. The group who only took the course with the PBL and who did so
with conventional approach received 7.5581 and 7.6571 respectively. The group that only took

the course with PBL approach received the lowest score.



78

TABLE 10 Test of Homogeneity of Variances of critical thinking posttest scores

Levene Statistic df 1 df2 Sig.
125 2 116 .883
p <.05

Levene’s test of homogeneity of variance of the posttest scores was computed by
SPSS to test the ANCOVA assumption. It was found that the posttest variance (dependent
variable) was equal across groups at the .883 level of significance as shown in Table 10. Then
ANCOVA technique was used to determine the main effect of teaching approach and pretest

score (covariate) on posttest score. The ANCOVA result was shown in Table 11.

TABLE 11 Test of Between-Subjects Effects for individual approach score by teaching

approach
Source Type Il SS df MS F Sig.
Corrected Model 29.736(a) 3 9.912 3.883 011*
Intercept 1439.243 1 1439.243 563.849 .000*
Pretest 15.827 1 15.827  6.200 .014*
Teaching approach 13.571 2 6.786 2.658 .074
Error 293.542 115 2.553
Total 7654.000 119
Corrected Total 323.277 118

a R Squared = .092 (Adjusted R Squared = .068)
*p< .05
The findings in Table 11 indicate that at least one pair of the posttest scores are
unequal significantly at F = 3.883, p< .05. According to the result, pairwise comparisons were

used to determine the differences of group means as shown in Table 12.
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TABLE 12 Results of pairwise comparisons of critical thinking test

(DApproach  (J)Approach ~ MD(I-J) Std.Error Sig.a 95% Confidence Interval

for Difference

Lower Bound Upper Bound

PBL+tutorial PBL 728 .349 .039* 3.703E-02 1.419
Conventional .687 .368 .064 -4.146E-02 1.416

PBL PBL-tutorial -728 .349 .039* -1.419 -3.703E-02
Conventional -4.109E-02 .364 910 -.763 .681

Conventional PBL-tutorial -.687 .368 .064 -1.416 4.146E-02
PBL 4 .109E-02 .364 910 -.681 .763

a. Adjustment for multiple comparisons: Least Significance Difference
*p< .05

The findings shown in Table 12 indicated that there were means significant differences
between the group who took the course with problem-based learning and tutorial approach
and the group who did so with problem-based learning approach at p< .05 level. Therefore the
students who took the course with the problem-based learning and tutorial approach received
critical thinking test scores higher than those who did so with the problem-based learning
approach.

Therefore the first hypothesis is supported.
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2. The second hypothesis: The students who took the course with the problem-based
learning and tutorial approach received science understanding scores higher than those who

did so with the problem-based learning approach and the conventional approach.

TABLE 13 Shows the score data of understanding of science test by the three sample

groups.
Student group-course N Minimum Maximum Mean S.D.
PBL and pre-test 41 3.00 9.00 6.195 11.30804
tutorials post-test 41 16.00 35.00 23.4390 5.18193
PBL pre-test 43 4.00 9.00 6.1395 1.42397
post-test 43 17.00 33.00 22.8605 4.62695
Conventional pre-test 35 3.00 8.00 5.8000 1.34602
approach post-test 35 18.00 33.00 23.2857 4.30165

The results in Table 13 showed that the group that followed the problem- based
learning and tutorial approach received the highest posttest means score of understanding of
science test which is 23.4390. Whereas the groups that took the courses with problem-based
learning approach and conventional approach received 22.8605 and 23.2857. The group who

took the course with problem-based learning approach received the lowest scores.
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TABLE 14 Levene's Test of Equality of Error Variances(a) of posttest score, pretest score and

independent variable.

F df1 df 2 Sig.
7.059 2 116 .001

a Design: Intercept+pretest scores +dependant variable

Following the Table 14, Levene’s test of homogeneity of varience was computed to test
the dependent and covariate variances. It was found that there was unequal variances across
groups at .001 level of significance. Then Robust tests of Equality of means was used to test
the posttest means among the three teaching approaches (Vanichbancha, 2006: 244-250).

The result was shown in Table 15.

TABLE 15 The results of Robust tests of equality of understanding of science posttest means

Statistic a df1 df 2 Sig.

Welch 163 1 76.539 .850

a. Asymptotically F distributed.

The finding in Table 15 indicated that there was no significant difference of posttest
means score across groups at p > .05 level. It means the students who took the course with
the problem based learning and tutorial approach received understanding of science scores
equal to the students who did so with the problem-based learning approach, and the group
who did so with the conventional approach.

Therefore the second hypothesis is not supported.
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3. The third hypothesis: The students who took the course with the problem-based
learning and tutorial approach received science achievement scores higher than those who did

so with the problem-based learning approach and the conventional approach.

Table 16 Shows the score data of science achievement test by the three sample groups.

Student group-course N Minimum  Maximum Mean S.D.

PBL and tutorials 41 18.00 40.00 28.2195 4.31574
PBL 43 18.00 38.00 26.6047 4.00083
Conventional 35 18.00 39.00 25.3714 4.96509

The means score in Table 16 shows that the students who took the course with
problem-based learning and tutorial approach received the highest science achievement
means score (28.2195). Whereas the means score of the group that did so with the problem-
based learning approach and with the conventional approach received 26.6047 and 25.3714
respectively. The group who took the course with the problem-based learning approach

received the lowest means score.

TABLE 17 Test of Homogeneity of Variances of science achievement score across the three

sample groups

Levene Statistic df1 df2 Sig.

1.392 2 116 .253

Levene statistics was used to determine variances across groups. The result shown in
Table 17 indicated that there was equal variances across groups at p > .05 level of statistical
significance. Following the result, ANOVA technique was used to determine the posttest
differences among the three groups because all groups received 0 pretest score. The result

was shown in Table 18.
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TABLE 18 ANOVA analysis of science achievement scores by the three sample groups

SS df MS F Sig.
Between Groups 155.685 2 7.842 4.003 .021*
Within Groups 2255.475 116 19.444
Total 2411.160 118

*p <.05

The ANOVA result shown in Table 18 indicated that with F = 4.003, the posttest

means score was significant difference at p< .05 level across the three groups. Therefore a

multiple comparisons (least significant difference test (LSD)) of science achievement scores

among the three groups was used to compare all pairs of posttest means. The result of

multiple comparisons of science achievement scores among the three groups was shown in

Table 19.

TABLE 19 Multiple comparisons of science achievement scores among the three groups

95% Confidence Interval

(DApproach  (J)Approach MD Std. for Difference
(I-J) Error Sig.a Lower Bound  Upper bound
LSD
PBL-tutorials PBL 1.6149 .96251 .096 -.2915 3.5212
Conventional 2.8481* 1.01478 .006* .8382 4.8580
PBL PBL-tutorial  -1.6149 .96251 .096 -3.5212 2915
Conventional  1.2332  1.00385 222 -.7550 3.2215
Conventional PBL-tutorials -2.8481* 1.01478 .006* -4.8580 -.8382
PBL -1.2332  1.00385 222 -3.2215 .7550

*p< .05 level
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The findings in Table 19 indicated that there was different means score between the
students who took the course with problem-based learning approach and the students who did
so with the conventional approach at p< .05 level of statistical significance. It means the
students who took the course with the problem-based learning and tutorial approach received
science achievement scores higher than those who did so with the conventional approach.

Therefore the third hypothesis is supported.

According to the scores of all tests, bar charts were used to express the characteristics

of student individual scores as the follows:
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Figure 4 Shows the critical thinking test score, understanding of science test score, and
science achievement score of the students who took the course with the science

learning model using problem-based learning and tutorial approach

The figure 4 showed each student’s score of all tests who took the course with the
science learning model using problem-based learning and tutorial approach. The fact that most
students received pretty much the same scores suggested that students were likely to high
critical thinking scores, high understanding of science scores, and high science achievement
scores (e.g.student ID 40 received 13, 28, and 40 score from the critical thinking test,
understanding of science test, and science achievement test respectively). On the other hand,
the student who received low score from critical thinking test, low score of understanding of

science and science achievement (e.g. student ID. 3 received 8, 20, 20 respectively).
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Figure 5 Shows the critical thinking test score, understanding of science test score, and
science achievement score of the students who took the course with the problem-based

learning approach.

The figure 5 showed each student’s scores of all tests who studied from the science
learning model using problem-based learning approach. The findings could be explained in the
way as shown in figure 4. That is student who received the high critical thinking scores, high
understanding of science scores and high science achievement scores. Student who received
low score of critical thinking scores, on the other hand, were likely to receive low scores of

understanding of science and science achievement.
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Figure 6 Shows the critical thinking test score, understanding of science test score, and
science achievement score of the students who took the course with the conventional

course

The figure 6 showed each student’s scores of all tests who studied from the science
learning model using conventional approach. The findings could be explained in the way as
shown in figure 4. That is, student who received high critical thinking scores, high
understanding of science scores and high science achievement scores. Student who received
low score of critical thinking scores, on the other hand, were likely to received low scores of

understanding of science and science achievement.
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4. The fourth hypothesis: Students were satisfied of the science learning model using
problem-based learning and tutorial approach.

4.1 The experimental group with the science learning model using problem-
based learning and tutorial approach

The satisfaction of the science learning model questionnaires showed that
students in the class were 12.4 -year average. The male and female sex ratio was 1: 3.56.

There were 2 of 41 (0.98%) students who experienced on problem-based
learning course before participating in this class. In the school, the 38 of 41 (92.68 %)
students worked together on the given problems once or twice a week for 30 minutes up to
one hour, while 7.32 % (3/41) never did.

The 58.54% (24/41) of students reported that the science learning model using
problem-based learning and tutorial approach was very difficult to learn, 34.15% (14/41)
difficult, and 7.32 % (3/41) easy.

The mean scores of students’ opinion on the science learning model using

problem-based learning and tutorial approach were shown in Table 20.

TABLE 20 The students’ opinion on the pattern of science learning model using problem-

based learning and tutorials

Items Mean SD Interpretation
Classroom preparation and management 3.02 27 strongly appropriate
Learning materials 3.88 .29 strongly appropriate
Acquired knowledge 3.88 .29 strongly appropriate
Load of Work assignment 2.88 .32 appropriate

Useful of the assignments 3.88 .29 strongly appropriate
Student and Teacher interaction 3.88 .29 strongly appropriate
Student cooperation 2.34 .35 fair

Student group effectiveness 2.88 .32 appropriate
Science contents 3.88 .29 strongly appropriate
Assessment methods 3.88 .29 strongly appropriate
Appropriateness for learning in science 3.88 .29 strongly appropriate

Mean of total 3.41 strongly appropriate
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Student group structure:

The students organized their group work when solving the problem in
different ways:

1. 1 out of 7 groups (14.28%) closely worked together. A leader elected by
the group members was primarily responsible for taking the group on the learning tasks. In the
group, there was a recorder, and four information seekers. The classroom observation showed
that the roles of the group members were rotated every class.

2. The 2 out of 7 groups (28.56%) assigned their group members to search
for the information on the same topic. After that they discussed before making a conclusion
on. Most of the learning process, each group member worked individually. The problem was
that they spent a lot of time on the given problem. They did not change the roles through out
the learning process.

3. The 4 out of 7 groups failed to address group members’ roles in their group
structure. Each of them learned individually without discussing and working together. They
spent a lot of time for searching for information. The classroom observation showed that the
students also learned in a traditional way. They mainly used school textbooks and information
sheets. After class, they never got together for discussion. Their assessment scores from the

three tests were ranged in the middle to low level.

The development of the problem solving method:

The 3 out of 7 groups developed their problem solving method by using 5
components of critical thinking skills at the beginning of learning process. This included
problem identification, selection of the useful information, deduction, interpretation, and
explanation. The teacher guided them to solve the given problem following 5 components.
They all agreed that the method helped them to reach solutions using less time. The
classroom observation showed that the 2 out of 3 groups could learn without the teacher’s
assistance from the early period of week 3. The students in these two groups had all test
scores higher than the others.

The 23 out of 41 students were trained to use the 5 components of critical
thinking skills to solving the given problems starting at the 5th week. They recored the solution
every time they could find the relevant information. They revised their solution when they

found that the information was not directly irrelevant to the point. The classroom observation
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showed that the students expressed their feelings at the fourth week. They mainly used the
information from the textbooks or the provided information sheets. The classroom observation
showed that most of them were the students who were from the non-structured group
member. From the interviews and record, the students felt so worries and frustrated at the
early period of learning process. They needed more time and help from the teacher. It seemed
that the students worked as a group more at the fifth week. The interviewed students
described that their collaborative learning ability was developed gradually after the 4th week.
They improved their analyzing skills and they were able to express their opinions to the group
members. The 5 components of critical thinking skills were used as a tool for solving
problems. By doing so, it helped them achieve the learning objectives better than the
conventional method.

According to the observation, 41 out of 41 students sought out the information
mainly form the school textbooks or the information sheets. Only 4 (9.76%) students searched
more information from the Internet particularly www.google.com and www.vichakarn.com. It
was found from the interview that all of the 4 had their own personal computer at home and
usually use it for their homework assignments. And yet their solution to the given problems
came mainly from the school texts and the information sheets.

The 4 out of 41 students came from the families whose parents are nurses,
university instructor, and engineer who helped them with their studies after class. They all
advocated that the science learning approach motivated them to read more when solving the
given problems. The students felt responsibilities with their learning.

The 6 out of 41 (14.63%) students who had alcoholic parents or relatives had
unique personalities in learning process. They wrote in their answer that they wanted to see
their parents stop their drinking habit. Although the students did not have high effects on their

learning.

Extending the learning experiences to other disciplines:

There were 7 out of 41 (17.07%) students who suggested that problem-based
learning and tutorial approach should be used in other subjects as well. They felt that this
approach motivated them to learn rather than the conventional teaching approach. They
suggested that school should design a similar learning project covered all subject contents for

their learning rather than giving them 17-19 assignment projects at the same time.
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4.2 The experimental group with the science learning model using problem-

based learning

According to the science learning model questionnaires, students in the class
with a problem-based learning approach were 12.3-year average. The male and female sex
ratio was 1:0.86 (23:20). There was no (100%) student who experienced on problem-based
learning course. When staying in school, the 35 out of 43 (81.40 %) students worked together
on the given problems once or twice a week for 30 minutes up to 1 hour, and 8 out of 43
(18.61 %) students never did.

The 30 out of 43 (69.77 %) students reported that the science learning model
using problem-based learning approach was very difficult to learn, and 13 out of 43 (30.23%)
difficult. No single students thought that the problem-based learning approach was easy to
learn.

The students’ satisfaction of the science learning model using problem-based

learning approach was shown in Table 21.

TABLE 21 The students’ satisfaction of the science learning model using problem-based

learning

Items Mean SD Interpretation
Classroom preparation and management 2.30 45 fair

Learning materials 2.44 A7 fair

Acquired knowledge 2.84 .38 appropriate
Load of Work assignment 2.16 .32 fair

Useful of the assignments 2.84 .38 appropriate
Student and Teacher interaction 2.16 .32 fair

Student cooperation 1.98 49 fair

Student group effectiveness 244 A7 fair

Science contents 3.84 .24 strongly appropriate
Assessment methods 2.84 .38 appropriate
Appropriateness for learning in science 2.84 .38 appropriate

Mean 2.61 appropriate
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Student group structure:

The students organized their study group in different ways as the follows:

1. There was 2 out of 7 groups (27.91%) organized their group structure
similar to other experimental group. . The group structure looked like the structure of the other
experimental classroom. The group had a leader focusing on the learning task. There were a
recorder, and four information seekers. The classroom observation showed that the group
members’ roles were assigned different all the times.

2. The 3 out of 7 groups (48.84%) assigned their group members to find out
the information independently. After that, they brought up the received information for group
discussion. They worked individually, rather than group dependence. The students spent a lot
of time on the first two given problems. The students said that they faced some difficulties in
learning while working on the two given problems. They did not know what they were doing,
and how they could achieve to science subject achievement. According to the classroom
observation, the students in this group always tried to ask for solutions from the former group,
although they did not answers from them. During the week 5th —6th, most of the students had
their attitude changed toward the group work and group discussions. The leader’s role was to
help the group members to achieve the learning objectives.

3. The last 2 out of 7 groups failed to assign the roles to group members.
Most of them learned individually without discussing and working together. The classroom
observation showed that they felt bored during class. After class, they had never met together
for working. The study found that all of their assessment scores were in the low level of all

tests.

The development of the problem solving method:

The 21 out of 43 students (3 out of 7 groups) started their learning process by
using 5 components of critical thinking skills from the beginning of learning process. They
included problem identification, selection of the useful information, deduction, interpretation,
and explanation. The interviewed students stated that they learned by following the teacher’s
guide from the introduction phase. They realized that this was the best way to solve the given
problem and they could. According to the interview, a few students in these groups came from
families whose parents are highly educated people. They felt that their parents had a positive

influence on their learning process.



93

The 22 out of 43 students tried to use the 5 components of critical thinking
skills to solving the given problems, but failed to do it on their own. They preferred to learn by
themselves. The classroom observation found that the students sought out information mainly
from the existing texts or the provided information sheets. The interviewed students expressed
that they felt so worries and frustrated with this learning method. The students wrote the
solutions to problems in short essay writing. There were 6 students who could not pass their
dairy progress report all the given problems. They, however, managed to pass and tests.

The observation showed that 43 of 43 (100%) students mainly used
information mainly form the school texts and the information sheets. Only 2 (4.65%) students
searched more information from the Internet, particularly www.google.com and
www.sanook.com. And yet their solution to the given problems came mainly from the same
resources as others.

The 6 out of 43(13.95%) students came from the families whose parents
are scientist, nurses, middle school science teacher, and engineer who helped them with their
studies after school. They all advocated that the science learning model using problem-based
learning approach motivated them to learn more when solving the given problems.

The 9 out of 43(20.93%) students who had alcoholic parents had unique
personalities in learning process similar to the other experimental group. They wanted to see
their parents stop their drinking habit. The students in this group stated that the given
problems motivated them to learn because they were similar to their real life problems. This
was the positive effect of the science learning model using a problem-based learning

approach.

Extending the learning experiences to other subjects:

There were 2 out of 43 (4.65%) students suggested that problem-based
learning approach should be used with the other subjects as well. They felt that the approach
fostered them to be an effective investigator. The students said that they have learnt although
they could not receive the highest scores. All the students (100%) advocated that the problem-
based learning approach was too difficult for their learning because of their insufficient

background knowledge.



According to the findings, it indicated that the students who took the course
with problem-based learning and tutorial approach were satisfied with the science learning
model rather than the students who did so with the problem-based learning approach.

Therefore the fourth hypothesis is supported.
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Chapter 5

Conclusions, Discussions, and Recommendations

This study was a semi-experimental research for development of a science learning
model on life and living for level 3 using problem-based learning and tutorials. In this chapter,

it includes conclusion, discussion, and recommendation as follows

Conclusions
The primary purposes of this research were to determine the effects of the science
learning model using problem-based learning and tutorial approach on students’ critical
thinking skills, understanding of science, and science achievement. In order to achieve the
purposes, research and development (R & D) was applied as the research design for this
present study. A science learning model using problem-based learning and tutorial approach
was developed based on four educational theories. These were Piaget ‘s theory, Vygotsky’s
theory, Dewey’s theory, and Bruner’ s theory. Tutorials were an important factor for motivating
students to learn more new knowledge and find out solutions to the problems. The tutorials
were developed based on the core content and achievement goal provided in The National
Science Curriculum. The teacher or monitor used these tutorials to help students in difficult
tasks.
The research instruments of this study consisted of:
1. Critical thinking test. The test emphasized on assessing the first and third
level of knowledge structure.
2. Understanding of science test. The test emphasized on assessing the first
and second level of knowledge structure.
3. Science achievement test. The test emphasized on assessing the third level
of knowledge structure.
4. Student satisfaction questionnaires. The questionnaires reflected students’
feedback on the science learning model using problem-based learning and tutorial approach
The research based on the hypotheses that a problem-based learning and tutorial
course had the positive effects more than the others did. A randomized control group pretest-

posttest design was used to compare the three lower secondary science classrooms of
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Mathayom Sanggit Wittaya Bangkok School, Pathumthani province, which were the sample
groups who took the courses with the problem-based learning and tutorial approach, problem-
based learning approach, and the conventional approach respectively.

The research findings:

The implementation results were concluded following the hypotheses. They
were as follows:

The first hypothesis: The students who took the course with the problem-based
learning and tutorial approach received critical thinking test scores higher than those who did
so with the problem-based learning approach and the conventional approach.

The ANCOVA results showed that the posttest scores were unequal

across the teaching approaches with the significance of the corrected model at p< .05.
Pairwise comparisons were used to determine the differences among groups’ means. The
results presented that there was significant difference of the posttest means score between the
students who took the course with problem-based learning and tutorial approach and the
students who did so with the problem-based learning approach at p< .05 level. Therefore, the
pairwise comparison indicated that tutorials influenced the students’ critical thinking skills
scores, particularly when comparing between the group with problem-based learning and
tutorial approach and the group with problem-based learning approach. This is concluded that

tutorials had its positive effect on students’ critical thinking skills.

The second hypothesis: The students who took the course with the problem-based
learning and tutorial approach received science understanding scores higher than those who
did so with the problem-based learning approach and the conventional approach.

The results of Levene’s test of homogeneity of variance presented that
the experimental groups and the control group had unequal variances at p< .05 level of
statistical significance. Therefore the Robust tests of equality was used to determine the
differences among the groups. The findings indicated that there is no significant difference of
posttest scores of understanding of science test across the groups at p > .05 level. Therefore
the problem-based learning and tutorial approach did not influence on the students’

understanding of science higher than the other approaches.
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The third hypothesis: The students who took the course with the problem-
based learning and tutorial approach received science achievement scores higher than those
who did so with the problem-based learning approach and the conventional approach.

The ANOVA result indicated that there was significant difference of
science achievement posttest scores by the three samples group at p < .05. The results of
least significant difference test indicated that there is significant difference of means scores
between the group who took the course with problem-based learning and tutorial approach
and the conventional approach. The finding indicated that the problem-based learning and

tutorial approach had positive effect on students’ science achievement.

The fourth hypothesis: Students were satisfied with the science learning model
using problem-based learning and tutorial approach
The findings showed that most of the students in both groups were
fond of the science learning model. The students thought that it was an effective teaching
approach that could increase students curiosity and develop critical thinking skills on their own.
However, there were some students who did not satisfy with the science learning model

throughout the course particularly within the group with problem-based learning approach.

Discussions

Students’ critical thinking skills:

The implementing results indicated that the tutorials in the course with the science
learning model using problem-based learning and tutorial approach fostered students to be the
critical thinkers rather than the problem-based learning approaches. The result supports Das,
Mpofu, Hasan and Stewart (2002) who studied student perceptions on tutor skills in problem-
based learning tutorials. The result showed that the tutor’s role influenced students’ learning
process and fostered critical thinking skills and attitudes toward students’ future learning. The
students’ comment was that the tutorials were crucial for their learning process. Students
needed guidances and supports on the information about a topic they were researching. This
research findings also supported the educators’ ideas (Bolhuis, 1996; Temple & Rodero,
1995., Guthric, Solomon and Rinchart; 1997) that tutorials help students efficiently see a

connection between school knowledge and real-world problems.
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In lower secondary science classroom, students were average 11-14 year-old.
Although a survey study by Shayer (cited by Amos, 2002:156-157) revealed that less than 30
percent of secondary students between the ages of 11-16 were in Piaget's formal operational
stage, tutorials in this study helped students achieved the learning objectives particularly on
critical thinking skills well. The finding supported the Piaget's theory and the Vygotsky’s theory
that students during these ages are able to develop their critical thinking by learning with the
knowledgeable peers and from appropriate tutorials. The finding supported the Ennis,
Kahane,and Scriven (cited by McPeck, 1990) who stated that critical thinking skills can be
developed when learning with an appropriate teaching and learning approach. This suggests
that the tutorials in the problem-based learning and tutorial approach is an important factor for

lower secondary students to learn science.

Students’ understanding of science

The finding from this research indicated that there were no significant differences
among the posttest scores across the three classrooms. The results were similar to the recent
study on the effects of problem-based learning and conventional course on basic science
knowledge of dental students at Liverpool by Last et al (2001) that the results showed no
significant difference in the total scores of students’ performance test comparing to the
students who took the course with the conventional approach.

In this study, students of the three different classes came from the same economic
background and had mixed learning abilities. All students’ background knowledge were
reflected on their previous GPA which had the same variances across groups. They viewed
that science was useful in their lives and were willing to understand science contents in order
to tackle the questions. This was in line with Steve Alsop and Keith Hicks (2001:28) who
stated that students learn science as their knowledge based during problem-solving process.
Parkinson (2002) suggested that students’ understanding of science are based on their
background knowledge and scientific processing skills, which they had trained previously. This
could be a reason why the students of the three classes received exactly the same scores on
science.

However, this study reflected that students in the problem-based learning and tutorial
approach perceived relevant knowledge better than the other groups. The students also

received slightly higher scores than the others on understanding of science.
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Students’ science achievement

The students’ science achievement results shown in Table 18 and 19 indicated that
there was a significant difference among the science achievement scores of the three
classrooms, particularly between the group with the problem-based learning and tutorial
approach and the group with conventional approach at p< .05 level of statistical significance.
This finding supported the recent studies by Chang (2001) who found the positive effects of a
problem-based Computer-assisted instruction (PBCAI) on students’ earth science achievement
in Year 10 students in Taiwan, Chin and Li-Gek (2000) who found that an integrated problem-
based learning approach in biology curriculum had a positive influence on students’ science
achievement, Chang and Weng (2002: 441-451) who found the interrelationship between
secondary school students’ problem solving ability and their science-process skills in the area
of earth science that enhanced students’ progress on learning achievement, and Rangson
Thongsooknok (2003) found the positive effects of Problem-based learning approach in Theory
of number for secondary school students. All of the studies used open-ended problems for
motivating students in learning process and revealed the positive effects of the problem-based
learning approach on development of students’ critical thinking skills and increasing students’
achievement in science.

The purpose of using modified short essay questions as a test of science achievement
was to assess students’ third level of the knowledge structure. The students might relate
theoretical knowledge to the particular answer of the problem. Students used their critical
thinking skills as an important knowledge management skill, which were on the basis of
relevant background knowledge as a factor of the quality of thinking (Reinmann-Rothmeier and
Mandl, 1998). It was valuable as a cognitive resource for reasoned management and
judgement. That means, students who were good critical thinkers, they could use their
background knowledge as a thinking resource before making decisions. In addition, the
students who used their critical thinking skills when confronting with problems could come up
with better solutions.

Although the understanding of science scores were equal across the groups in this
study, critical thinking skills helped students who took the course with problem-based learning
and tutorial approach achieved better than the others did on science achievement. Problem-

based learning and tutorial approach, therefore, was an effective instructional approach to
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promote students’ critical thinking skills for seeing a connection between theoretical knowledge
and real-world problems.

In figure 4, 5, and 6, the graphs showed each student’ s score. Figures 4, 5 and 6
were similar to one another. All the graphs were resemble to each other. The students who
received high score in critical thinking test were likely to receive the understanding of science
test and science achievement test. The finding supported McPeck’ s idea (1981) on
development of cognitive skills to help raise critical thinking skills. The background knowledge
played an important role how students could think critically. The consequence of such skill was
that new knowledge arises when the given problem was being tackled. At the same time, the
acquired knowledge helped students learn more effectively (Bruner, 1966).

It was found that the differences between the critical thinker students and non-critical
thinker students were that the former could reach the learning objectives and passed the
criteria of student dairy progress report within the 2nd class period. The students used their
critical thinking skills to tackle the problems more sophisticatedly and more effectively, while
the latter could not do so. This is in line with Woods (cited by Kain. 2003: 19-20) who stated
that unsuccessful problem solvers tend to spend most of their time doing irrelevant things,
whereas, successful problem solvers spend most of their time deciding what to do. Kain also
suggested that problem solvers should start by identifying the problem. Students then dig into
the problem details and find more about the facts before they decide what the real problem is
(Kain. 2003: 19-20).

It was found in this study that most students in all classrooms could not see a
connection between concepts or facts and the given problems. This is the important skill at a
deductive stage that people use for making decisions. Students could not interpret the given
data and explain the problems. Lack of the abilities to see a connection occurred particularly in
the first 2-3 week of their learning processes. But the positive changes occurred after that
point. This confirmed that the critical thinking skills are transferable skills through the
appropriate instructional technique. The finding supports the Ennis, Kahane, and Scriven (cited
by McPeck. 1990) who stated that critical thinking skills can be developed when learning with

an appropriate teaching and learning approach.

As mentioned in Chapter 2, Department for Education and Skills, UK (Department for
Education and Skills. 2002: 269-271) described that human thinking ability is related to three
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factors: 1) Genetic makes up about 20%, 2) Time that the human brain develops until reaching
its peak in the late of teens. and 3) Appropriate environment that motivate students cognitive
development. The three factors were used to describe the differences of critical thinking and
science achievement among the participants in this study. The critical thinking skills are
transferred from students’ parents about 20%. And the 80% was gained from the students’
experiences and appropriate learning strategies. This was supported by students who had

their attitude change toward the science learning model.

The students’ learning process:

The findings showed that problem based learning and tutorial approach is an
instructional approach that integrates a variety of teaching methods, such as, problem solving
approach, investigating approach, discussing approach, group learning approach, role play
approach, learning by using situation approach, learning by using reading skills and tutorial.
This was supported by Evenson and Hmelo (cited by Gijbel, Dochy, Bossche, and Segers.
2000) who stated that problem-based learning is a mixture of contexualized approaches
integrated instructions, and learning is a result from the process of working toward the
understanding or solution to a problem. Each instructional approach has different advantage
and disadvantages, which can be found in this study. The classroom observation revealed that
when students were challenged by open-ended problems, they sought for new knowledge to
explain the provided problem. The learning atmosphere roused the students' interesting to
research with various learning resources. The students used the scientific methods to solve a
problem, which are the 5 components of critical thinking skills. The idea was corresponded to
the educational psychology that critical thinking skills facilitate learning with problem-based
learning (Sutep and Ausa. 2526:69). By doing so, it motivated students learning in-group. Also
they managed to use democracy in their group. This approach led the teacher who acted as a
facilitator to approach his or her students easier. The teacher could observe the students’
development and help students who have faced a problem in their learning process
immediately.

When the students worked in-group, they expected to discuss with the group.
Discussion plays a major role in this research. During discussion, students gradually built up

their knowledge. They expressed their opinions and were not afraid when their ideas were
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challenged by the other member in the group. They learnt how to respect other people’ s
opinions. The learning atmosphere was suiTable for learning in-groups (Sutep. 2526:76). On
the other hands, the observation showed that there was some disadvantage. For instance,
students were easily distracted from the topic being discussed. Students ended up discussing
about something else not related to topic provided. They failed the group discussion and
therefore did not meet the objective learning set. This approach is more time consuming than
the other instructional methods. The observation also showed that they were silent at the
beginning of the class period. This suggested that students learnt more on their own and they
took their time in learning. This supported the research of the effects of instructional method
using group discussion approach (Tanutkha. 2517:157-158; Laohapibool. 2537:150;
Chatveerakhom. 2003: 21-22).

In the science learning model using problem-based learning and tutorials, the learning
activity was provided into 3 situations related to human body and drug addictions as well as in
section 4. The situations were designed to enhance the students’ curiosity to learn by
themselves. The students were given a role, in this case, a doctor who used medical biology
to solve the problem. The students gradually accumulate knowledge about human body and its
functions including drug and drug effects. The class observation at the first three-class period
viewed that the participants in the two experimental groups were curious to learn all the time
and developed their critical thinking skills when they were searching information from various
resources. This was in accordance with the investigating approach (Laohapibool. 2537:126).
The students who took the course with problem based learning and a tutorial course had no
problems in searching for data comparing to the other groups. They discussed and shared
ideas within their group as well as consulted with their tutor. The tutor helped them learn and
understand the relevant science contents. Most of the students could pass the criteria set for
dairy learning progress quicker than the other groups.

The study found that the students’ asking and seeking of their teacher’s assistance
decreased continually from the 3rd —4th class period. At the same time, the class observation
met that the science learning model using problem-based learning and tutorial approach is
similar to that of the investigating approach. The students felt bored when they did not know
whether the correct or not. The students who needed the teacher’s assistance or the students

whose learning ability lower than the others criticized that the science content in this model
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was too hard to understand. They preferred the traditional way of teaching that the teacher
taugh and directly told them what would be included in the final examination.

The students in class who took the course with the problem-based learning, were
enthusiasm at the beginning to learn with the provided problems. They enjoyed the first stage,
but their enthusiasm toward the group work decreased. The class observation showed that
the students were not sure what they might learn and what to do on the provided problem. As
the whole class, the students needed teacher’s assistance from the beginning of the course
until the late of the problem 3. Although the teacher gave them only the questions to motivate
them to learn, students asked for the teacher’s help all the time. They all seemed passive in
learning until they studied the problem 3. The study found that the students’ calling and
seeking teacher’s assistance decreased continually from the late of the problem 3 or the 5th -
6th class period. Moreover at least 2 groups of the class expressed their ability to learn
followed the problem 3 without any teacher’s assistance. They reached their solution toward
the provided problem by doing the following: identify the problem, select the information,
deduction, interpretation, and explain the problem. The conclusion was that the 2 groups’
student achieved science achievement better than the other students.

The students expressed that they were distant from their teacher. They preferred to
have closer relationship with their teacher like the conventional approach rather than the
science learning model using problem-based learning course.

The students in class who used the science learning model using problem-based
learning course started to solve the given problem by using their existing science knowledge
and scientific skills. The class observation showed that discussion activity within the student
group had filled with investigated scientific data. They developed their critical thinking skills by
communicating with each other. The study also received that there were a few students whose
parents were nurses, officers in the hospital or an engineer. These students were given a role
of a doctor or a nurse who takes care of drug addict patients. Then, they asked the questions
such that, “what are the causes of vomiting?” “Is the gastritis a cause of vomiting?”, or “Does
the gastritis affect vomiting?”. After that, they investigated the function of stomach and the
causes of vomiting to identify the given problem. The interviewed students showed that after
the school time, they often consulted with their parents about their learning and got some
ideas to solve the given problem. These are the dispositions of the good problem solvers

(Woods cited by Kain. 2003: 19-20) and are seen that the parents also are an important out of
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school time learning resources for students. Weiss and Brigham (2003) stressed that the
parents’ role as the learning resources increase students’ positive development of systemic
thinking and academic performance.

There were a few students in both of experimental groups who came from addict
families. The students would seek the information and solution for use to persuade their father
to stop addict behaviour. The student had a curiosity to investigate information about addict
substances problem. Although this student’s scores in all tests were not high, at least her
showing curiosity to learn reflected from the questions they asked, such as, “how is the
addict’s brain damaged? How do the normal brain functions? How does the brain control the
whole body?. The interviewed students expressed that they acquired the knowledge related to
substances and its harmful effects on health and used it to their family to be away from its
danger. The findings supported the study by Dochy, Segers, and Buehl (1999) that the
students' familiarity with the learning topics had an influence on students' performances. They
reviewed that the effects varied depending on questioning abilities related to family
backgrounds, and problem solving competencies. This finding also supports Chin and LI-Gek
(2000) that in problem finding process, the participated students engaged their friends and
family members in their research. The activity made learning more fun and meaningful. This
finding was summarized that students’ curiosity to learn came from family concerns or
experiences.

In problem-based learning, students who came from the high-educated families
preferred to learn using role-play in their learning process. The classroom observation showed
that the students acted as a nurse or a doctor. Parkinson, Windale and Shelton (1999:7)
commented that the instruction by using role-play provide students to uses their background
knowledge and scientific method more meaningful. The students used their real life
experiences to discuss and communicate with other persons. They could control their emotion
well and give reasons when arguing with other students. Although at the beginning of the
course, most of the students still felt shy and intimidating to express their ideas in-group
discussion, the positive changes occurred during the 3rd —4th week. At this point, the student
learning style was changing from to group dependent. There was a disadvantage in that,
student’s role as a nurse or a doctor specified the related science contents was not clear.
Sometimes, it looked amused because there was no contents in the role. As a result, students

spent time in learning more than the other group. The students who took the course with
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problem-based learning and tutorials, used teacher guidance or tutorials to help them learn
with their own pace.

Following the students’ feedback on satisfaction questionnaire with the science
learning model using problem-based learning and tutorials, students in the two experimental
groups organised their learning to learn in-group with 6 members. A few groups in both
experimental classrooms had group structure comprised of a group leader, information
seekers, and a recorder. They shared their acquired knowledge within their group. These
learning activities are similar to that of cooperative learning method. Parkinson, Windale and
Shelton (1999: 13-18) and Bennett (2003: 169) presented that the cooperative learning help
students develop analysing and communicating skills. But the limitation of this learning method
is that most of the group members did not analyze their acquired information together. They
were not responsible for their roles. This resulted is that most of the learning tasks fell on one
or two students.

The findings showed that the students spent their time reading more than those who
took the course with the conventional approach. The students gradually developed their
abilities to question logically. Only a few students in each experimental group found
information from the websites, such as, www.google.com, www.sanook.com, or also from the
other websites. The students expressed that they read science articles more and this made
them as an omniscient who knows and understand more than in school textbooks. The
students in this group understand scientific terms more than the other groups.

From the questionnaires, the students felt negative toward group work. They
expressed that their group members were not responsible for their own task. Most of them
preferred to learn by themselves. Although the science learning model provided suiTable
science contents, its related to many other disciplines made students feel bored. They faced
the difficulties in learning particular in the group using the problem-based learning approach.
The teacher gave them questions in order to get students involved in their group discussion,
while the group with tutorials from the teacher, the students were provided guiding sheet and
teacher’s assistance. They felt that the method promoted their thinking skills during the
problem solving process. The teacher helped them correct their misconceptions and motivated
them to learn more. The students in both experimental groups accepted that the given
problems in PBL course helped them learn more effectively. The real life scientific issues were

appropriately challenging for them. They started their learning with 5 components of critical
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thinking skills, which is the important tool for a problem solver. The students in both groups
expressed that the science learning model is appropriate for learning as a whole. Although
the students in the group who in the problem-based learning course reflected that the learning
resources for this program was not enough, the preparation and learning administration were
all good. All students agreed that the quantity of the provided tasks that they received from the
course was suiTable. But they complaint that they also had assignments from other subjects,
which overwhelmed them. The finding showed that each student might have to do 17
homeworks during the same period as his or her science courses. The students suggested
that the school should combine all the projects to be one project like the science learning

model, which covered many subjects areas.

Recommendations

These suggestions were provided for further research that focuses on the use of
problem-based learning and tutorial approach in science classroom. It was also the basic
information for improving science education in the context of problem-based learning
approach.

From the research results, it was clear that the science learning model using problem-
based learning and tutorial approach could help students learning well, particularly on student
critical thinking, understanding of science, and science achievement. Although the students
who used the science learning model using problem-based learning reached learning goal in
equally or lower effective than the students who received the other instructions, they could
develop critical thinking skills and construct knowledge themselves on human body and
addicts.

On all of the measures used, students in the problem-based learning course received
lower scores than the other groups. They also expressed their lower level of satisfaction than
the students in problem-based learning and tutorial approach. Although all of their raw scores
were slightly different, these indicated that problem-based learning approach without tutorial
may not be appropriate for level 3 science students. When the students were given the open-
ended problem without teacher guidance, they felt that they had no direction to learn and
could not reach to learning objectives particular at the beginning of the course. Whilst the
tutorial could help the students to understand what they were learning and what they should

investigate more for solving the problem. The students in the group with teacher’s tutorials
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learnt with their confidences. Their learning achievements were better than the students in
problem-based learning course and the students in conventional course. This indicated that a
tutorial was important factor influenced on students’ cognition development. Tutorials induced
students to learn and investigate new knowledge without confusion. The appropriate tutorials
should be constructed based on course objectives and outcomes for students to know what

they must learn and understand in their learning plans.

Recommendation for school administrators

1. Using of the problem-based learning and tutorial approach in school context should
be considered on the feasibility of school management. That the school limited factors should
be considered, such as, availability of school facilities, level of difficulty for the students to
learn. Therefore, teachers meeting should be held before using the course in science
classroom for sharing ideas, considering on the appropriate instructional tools, and planning
for the actual implementation.

2.In problem-based learning context, library and ICT are effective information
resources for students to studies on. Students should be trained to use the school library and
ICT for self-studying before taking the course with problem-based learning and tutorial

approach.

Recommendations for teachers

1. The teachers in the problem-based learning and tutorial approach should place
themselves as monitor who encourage students learning by supporting active learning climate
and participating in students group discussion. At the same time, the teacher may help
students in psychological support, which always do at the beginning of the course. The
teachers must clear of when the tutorials guide should be given the students in their learning
processes. Also the teacher should constantly check the students’ progresses for helping them
to reach learning target.

2. Since the science learning model using problem-based learning and tutorial
approach includes a various teaching method. All skills and relevant concepts should be

organized into the tutorial guide for motivating students in learning process.
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Recommendations for further study
However the scope of this study was to investigate the effects of the science model using
problem-based learning and tutorial approach on the students’ critical thinking skills, science
achievement, and satisfaction with the science model as the main independent variable for
level 3 only. It would be interesting for the further research to investigate into the effects of
problem-based learning and tutorials on the other levels and subjects, and probably be

considered in all education research.
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APPENDIX B
THE STUDENTS’ RAW SCORES FROM EACH TEST



120

TABLE 22 Pretest and posttest scores from the critical thinking test for the experimental group
who followed a science learning model using problem-based learning and tutorial course
(N=41), a problem-based learning course (N=43), and control group who followed a

conventional group (N=35). ( Total scores 15)

PBL and tutorial course PBL course Conventional course

No. pretest posttest pretest posttest pretest posttest
1 0 8 0 7 2 12
2 2 8 0 8 2 9
3 1 8 1 6 1 8
4 2 7 1 8 0 6
5 1 8 1 7 0 5
6 1 9 1 8 1 10
7 1 8 1 7 1 8
8 1 10 1 7 1 6
9 1 9 1 8 1 6
10 2 9 2 9 1 8
11 2 6 1 6 0 6
12 1 8 0 7 2 6
13 2 8 1 8 1 7
14 1 10 1 9 1 6
15 1 7 1 7 2 10
16 0 6 2 9 1 7
17 1 9 2 5 1 8
18 1 8 3 11 1 6
19 1 8 1 5 1 7
20 0 9 1 9 1 8
21 1 7 1 8 1 5
22 2 8 2 10 1 8
23 1 12 1 9 1 8
24 1 13 1 9 1 7
25 1 9 1 7 2 8
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TABLE 22 (Continued)

PBL and tutorial course PBL course Conventional course
No. pretest posttest pretest posttest pretest posttest
26 1 11 1 8 2 9
27 2 7 1 10 2 8
28 1 7 0 7 1 11
29 0 7 0 6 1 9
30 1 8 1 9 1 9
31 1 8 1 9 0 5
32 2 8 1 5 2 8
33 1 7 0 5 2 9
34 0 9 1 8 1 10
35 1 8 2 6 1 7
36 2 6 2 5
37 1 7 1 9
38 1 7 1 10
39 1 9 0 6
40 1 13 1 8
41 1 9 1 6
42 2 8
43 1 7
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TABLE 23 Pretest and posttest scores from the understanding of science test for the
experimental groups who followed a science learning model using problem-based learning
and tutorial course (N=41), a problem-based learning course (N=43), and control group who

followed a conventional group (N=35). (Total score 39)

PBL and tutorial course PBL course Conventional course
No. pretest posttest pretest posttest pretest posttest
1 7 18 6 20 8 30
2 6 18 7 22 6 22
3 5 20 7 17 6 24
4 6 22 5 18 5 24
5 6 16 5 24 6 24
6 7 16 4 18 8 28
7 8 27 7 28 7 26
8 7 29 5 22 5 23
9 5 22 4 20 4 20
10 6 22 8 29 5 18
11 7 19 5 22 6 18
12 6 20 5 24 6 18
13 6 22 6 24 7 24
14 7 33 7 18 4 20
15 8 33 6 20 6 29
16 6 24 8 30 7 24
17 4 22 5 18 8 28
18 5 22 8 30 4 20
19 4 24 4 22 6 24
20 5 23 5 26 6 22
21 6 18 5 24 5 22
22 5 18 8 30 5 20
23 7 30 9 33 6 24
24 6 20 7 27 8 28
25 6 26 8 24 3 18
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TABLE 23 (Continued)

~ PBL and tutorial course PBL course Conventional course
No. pretest posttest pretest posttest pretest posttest
26 5 33 6 24 4 18

27 7 22 9 32 5 18

28 8 22 6 24 8 33

29 6 25 7 24 7 28

30 5 22 4 18 5 20

31 3 16 5 18 5 20

32 4 18 6 19 4 20

33 8 35 6 22 7 32

34 7 22 5 22 5 20

35 6 28 7 19 6 28

36 7 22 5 18

37 6 22 6 26

38 8 29 9 33

39 9 33 4 20

40 6 28 7 18

41 8 20 6 18

42 6 18

43 6 20
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TABLE 24 Posttest scores from the science achievement test for the experimental groups who
followed a science learning model using problem-based learning and tutorial course (N=41),
a problem-based learning course (N=43), and control group who followed a conventional

group (N=35). (Total score 54)

No. PBL and tutorial course PBL course Conventional course
1 26 25 34
2 29 26 28
3 20 28 28
4 24 28 26
5 28 24 22
6 30 26 32
7 28 28 22
8 30 25 24
9 28 26 28
10 26 32 25
11 30 24 28
12 30 24 28
13 18 24 24
14 32 28 24
15 28 28 39
16 24 34 30
17 28 22 24
18 24 32 18
19 24 24 18
20 26 28 22
21 28 28 19
22 28 30 28
23 39 34 24
24 38 30 22

N
(¢}

28 24 24
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TABLE 24 (Continued)

No. PBL and tutorial course PBL course Conventional course
26 34 24 28
27 24 30 24
28 28 18 35
29 28 22 20
30 28 24 18
31 30 22 22
32 26 18 22
33 32 28 32
34 28 26 28
35 30 22 24
36 24 22

37 25 28

38 28 38

39 28 29

40 40 28

41 30 28

42 26

43 28
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APPENDIX C
QUALITY TEST OF ASSESSMENT INSTRUMENTS
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TABLE 25 Index of Item-objective congruence (IOC) of the critical thinking test

No Experts’ I0C

Evaluation score

1 2 3
1 1 1 1 1
2 1 1 1 1
3 1 1 1 1
4 1 1 1 1
5 1 1 1 1
6 1 1 1 1
7 1 1 1 1
8 1 1 1 1
9 1 1 1 1
10 1 1 1 1
11 1 1 1 1
12 1 1 1 1
13 1 1 1 1
14 1 1 1 1

-
()]
-
RN
RN
RN




TABLE 26 Index of Item-objective congruence (I0OC) of the understanding of science test
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No Experts’ I0C

Evaluation score

1 2 3
1 1 1 1 1.0
2 1 1 1 1.0
3 1 0 1 0.66
4 1 1 1 1.0
5 1 1 1 1.0
6 1 1 1 1.0

TABLE 27 Index of Item-objective congruence (IOC) of the science achievement test

No Experts’ I0C

Evaluation score

1 2 3
1 1 1 1 1.0
2 1 1 1 1.0
3 1 1 1 1.0
4 1 1 1 1.0
5 1 1 1 1.0




TABLE 28 Index of Item-objective congruence (IOC) of the satisfaction questionnaires
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No Experts’ I0C

Evaluation score

1 2 3
1 1 1 1 1.0
2 1 1 1 1.0
3 1 1 1 1.0
4 1 1 1 1.0
5 1 1 1 1.0
6 1 1 1 1.0
7 1 1 0 0.66
8 1 1 1 1.0
9 1 1 1 1.0
10 1 0 1 0.66
11 1 1 1 1.0
12 1 1 0 0.66
13 1 1 1 1.0
14 0 1 1 0.66
15 1 1 1 1.0
16 1 1 1 1.0
17 1 1 1 1.0
18 1 1 1 1.0
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TABLE 29 The Item Difficulty (P), ltem discrimination (r) and r «r20 Of a critical thinking test.

Question P r Mt ( KR-20)
1 .58 21 .52
2 .63 24

3. 57 24

4. 5 46

5. .53 46

6. A7 52

7. .55 .61

8. .50 .52

9. 49 .60

10. .55 46

11. .56 40

12. .56 52

13. .55 42

14. 46 .30

15. .58 48

TABLE 30 Mean scores, S.D. and r« of an understanding of science test.

Question Mean S.D. Fo
1. 3.2 1,276 .996
2. 4.23 1,803

3. 2.53 1.702

4. 5.27 1.382

5. 2.23 1.382

6. 1.8 0.748
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TABLE 31 Mean scores, S.D. and r« of a science achievement test.

Question Mean S.D. Fo

1. 5.63 2.249 0.925
2. 4.40 2.010

3. 4.066 1.652

4. 4.533 2419

5. 4.667 2173
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APPENDIX D
AN EXAMPLE OF LESSON PLAN
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