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ABSTRACT

By Seeing the effectiveness and challenges of using Inquiry-Based Learning (IBL)
through previous research studies, the current study was conducted to seek for
understandings of the characteristics of this teaching method, which supports science
education and teacher-student relations. The results of this study provided significant
information related to the means of IBL implementation in physics classrooms in the
Cambodian context. In particular, this study showed real perceptions of teachers and
students toward Inquiry-based learning applied in physics. It also demonstrated the positive
outcomes of students' studies and barriers to learning through this approach. The study was
conducted in a high school in Phnom Penh City with 11 participants, including six physics
teachers and five students. In this study, the researcher employed a qualitative research
design, and the data was collected by In-depth Interview (IDI). The results of this study
showed that teachers who taught physics perceived the values of IBL method, which is a
way for students to construct their knowledge rather than sitting and waiting for answers
from their teachers, even though there are some barriers to implementing this approach in
the classroom. Students also enjoyed learning through this approach because it contributed
them understand of scientific phenomena, including scientific process skills and soft skills
such as teamwork, leadership, and coordination. Although the question guides for the
interview were reviewed several times, the results obtained through the interview may not
be perfectly enough. Therefore, the researchers would recommend further studies focusing
on experiment research, and researchers observe or teach students using IBL methods

themselves so that they receive more specific data.

Keywords: Inquiry-Based Learning, Positive outcomes, Challenges, Perceptions
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CHAPTER 1: INTRODUCTION

1.1 Background of the study

Education plays an important role to contribute to development for every country.
To improve the quality of education, relevant education sectors must take responsibility to
ensure that the whole education system is serving with acceptable quality. In this case,
teaching methodologies are included as a part of improving education and educators have
to show strong commitment to using various teaching approaches in their classrooms.
When teachers ignore the important value and character of tools, instruments, and teaching
techniques, this ignorance can make their teaching unattractive to students (Gutiérrez &
Villegas, 2015). Inquiry—based learning, known as IBL, is a teaching approach which is
gaining popularity in many developed countries. According to O‘Connell (2014), Several
actions are underway to strengthen science education in European nations by focusing
inquiry based-learning. In some countries, science education centers are offering educators
the opportunity to train and develop confidence in teaching science subjects and inquiry-
based science education. This approach is mainly used in Science subjects such as Physics,
Chemistry, Biology, Earth Science, etc. In addition, IBL method has been seen in social

science subjects, too.

As there is an increase in number of New Generation Schools in Cambodia (Donaher
& Wu, 2020), inquiry-based learning method begins to rise in practice in as a part of 21%
skills for education, and it is especially used for learning Physics subject. Physics teachers
use IBL method to provide valuable opportunities for students to develop their cognitive
competencies and understanding of both Physics content knowledge and scientific

practices. This method also helps change students’ attitude towards learning Physics. The



students will experience effective learning which can be classified as a type of

constructivism.

1.2 Statement of the problem

Even though IBL approach is very popular in many developed countries, the
implementation of inquiry learning in classrooms presents a number of significant
challenges in Cambodia. According to The Teacher Training Department of the Ministry
of Education (2016), Common challenges in inquiry-based learning include research
question formulation, facilitating group work, providing feedback, how to respond
questions that teachers have not known their answers yet, how to make a good report,
distinguishing between results and inference. Students with low prerequisite knowledge of
content lead to a great challenge for implementing inquiry-based learning in physics subject
in upper secondary level (So, 2018). Moreover, Cambodian rural schools still face many
challenges, like shortage of teaching materials and aids, libraries, and experiment labs
(MoEYS, 2018a; Ren & Kosal, 2016). Inquiry science requires students take roles as
scientists to generate knowledge to understand how science is developed and produced
(Rakow, 1986). This reason leads to a need of manipulation of a great variety of materials
by students. Rakow (1986) mentioned that teachers require time to assemble and set up the
materials and plan for an active program of laboratory investigations, that is, schools have
to overcome this limitation by purchasing laboratory materials assembled by science
textbook publishers as supplements to their series. This is a challenge in the Cambodian
context and can be a barrier of implemtation of inquiry-based learning in science education,

especially in Physics classrooms.

In 2017, Cambodian Teacher Education Institutions was introduced with Education

for Sustainable Development (ESD) and the aim of this workshop was to build capacity of



teacher education institution leaders, teacher educators in ESD as well as inspiring them to
initiate and implement ESD concepts at their institutions (RUPP, 2018). The Key targets
were leaders and teacher educators from RUPP, NIE, TTD, PPTEC, and KPTTC. They
attended the workshop and developed their action plan to spread ESD concepts further.
Inquiry based learning was included as one of main pedagogy in lesson plans as a part of
Education for Sustainable Development. However, according to the report, not all teacher
trainers are enthusiastic about and implement ESD in their teaching and training and follow
up with ESD implementation. In fact, the concept of IBL had been incorporated in the
revised TTC curriculum, and it was implemented in all PTTCs in December 2010 and
adopted in all RTTCs in November 2011(JICA, 2012). JICA has conducted a survey of the
improvement of the quality of science lessons of TTC trainers, and the result has shown
that both pilot school teachers and TTC teachers have some technical difficulties with IBL.
Similarly, pre-service teacher training programs in Cambodia have suffered from
disconnection between theory and practice (Benveniste, Marshall, & Araujo, 2008; Pich,
2017; Tandon & Fukao, 2015; Williams, Kitamura, Ogisu, & Zimmermann, 2016). “The
majority of Cambodia’s teacher trainers fail to provide sufficient content mastery and
student-centered pedagogy” (Tandon & Fukao, 2015, p. 39). These may result in teacher
trainees’ limited understanding of IBL concept, and they feel hesitated to implement this

student-centered approach at schools.

1.3 Research purposes

This study was intended to provide understanding of the characteristics of IBL that
serve the science education in the relation to teachers and students. In particular, the finding
provided essential information related to the means of IBL implementation into Physics
subject in the Cambodian context. Importantly, responding to the current study’s topic, this
research indicated teachers and students’ perceptions towards IBL approach in their

3



classrooms. In order words, the study showed the advantages and disadvantages (known as
achievements and challenges) of using IBL as teaching methodology in Physics
classrooms, and how teachers and students feel about this approach. Last but not least, the
present study might become a significant reference for further research studies on similar
topics which can help relevant stakeholders (especially teachers and students) get more

familiar with teaching and learning through inquiry.

1.4 Research objectives

The five specific research objectives are as follows:

1. To check teachers’ understanding regarding the levels of IBL

2. To explore how Physics teachers apply IBL in classrooms

3. To discover positive outcomes teachers and students obtain through IBL

4.  To explore challenges that teachers and students faced regarding the use of IBL
5. To explore teachers and students’ perceptions regarding the use of IBL

approach

1.5 Research questions

In order to achieve the objectives, five specific research questions are constructed as

follows:

1. At what level do Physics teachers know and use IBL in their classrooms?

2. How do physics teachers process IBL in their classrooms?

3. What are the positive outcomes teachers and students obtain during and after
learning through IBL?

4. What are challenges that teachers and students meet before, during, and after

using IBL in classrooms?



5. What are teachers and students’ perceptions of inquiry-based learning

approach?

1.6 Significance of the study

The outcome of the study greatly benefits the following:

Students

The result provides the students with importance of learning physics through inquiry.
Understanding the characteristics of inquiry-based learning helps change students’ mindset

of Physics dissatisfaction which has no definite basis.

Teachers

The result also provides significant keys for physics teachers to teach students by
using the IBL approach. The result was collected from experienced teachers, that is, they
shared their experience of conducting inquiry-based learning in classrooms including
achievement they had made and challenges they had faced during teaching students through
IBL. Through these shared experiences, others especially novice physics teachers can learn
from them so that they can improve their abilities in teaching physics and apply inquiry-

based learning model correctly and effectively.

School principals

The finding also benefits school principals. They understand the foundational support
that teachers need to implement the IBL method in their classes. The school principals are

ready to contribute to students so that they can achieve their studies through IBL.

MoEYS

The significance of this study further helps improve science education in Cambodia.
Meanwhile the Ministry of Education, Youth and Sport is trying its effort to promote

5



constructivism of teaching methodologies through training science teachers and organizing
various workshops, this study partly contributes to collection of feedback information as
well as observation and monitoring how well the science teacher have used IBL method
with appropriate levels with students, what that have been done successfully, and what to
be improved. The result of the study is useful for MOEY'S to check whether IBL, which is
one of constructivism of teaching methodology, has efficiency in teaching physics as well

as other science subjects.

1.7 Operational definition of key terms

Inquiry-Based Learning (known as IBL) is a teaching methodology that supports a
student-centered approach followed by constructive learning theory. Regarding the IBL,
students are encouraged to seek answers that respond to their research questions, rather
than receive direct instruction from the teacher. It means that students are supposed to
construct knowledge by themselves, and the teacher just comes to facilitate them only. The
students are motivated to learn to build content knowledge based on objectives of lessons.
In this approach, the teacher has to have such a lot of patience and put trust in the students

achieving their learning through inquiry.

1.8 Summary of the chapter

This chapter has consisted of seven major sections: background of the study,
statement of problem, research purposes, research objectives, research questions,
significance of the study, and operational definition of key terms. First of all, in the
background of the study, it reviewed the popularity of inquiry-based learning in science
education in many countries and the start of putting IBL into practice for the Physics subject
in the Cambodian context. Then, in problem statement, Cambodian rural schools still face

many challenges which become barriers to the implementation of inquiry-based learning in



science education, especially in Physics classrooms. Moreover, the fundamental purpose
of this study was to provide an understanding of the characteristics of inquiry-based
learning, provide essential information related to the means of IBL implementation into
Physics subject, and indicate the exact perceptions formed by teachers and students towards
the IBL approach. Furthermore, it came up with five research objectives and five research
questions to be answered in this study. In addition, the significance of this study was to
benefit students, teachers, and MoEYS regarding the implementation of IBL. Last but not
least, one key term was written in this study: Inquiry-Based Learning (IBL). The next part,

chapter 2, will show the literature review which is related to this study.



CHAPTER 2: LITERATURE REVIEW

2.1 History of Inquiry-Based Learning

Inquiry-based learning is firstly a methodology in pedagogy that was grown during
the discovery learning movement of the 1960s. It responded to traditional forms of
instruction where learners were required to revise information from instructional materials
(Joseph Schwab, 1966) as cited in (Barrow, 2006). In fact, the philosophy of inquiry based
learning existed in constructivist learning theories and was promoted by notable scholars
such as John Dewey, Lev Vygotsky, Jean Piaget, and Jerome Bruner (Snowman, McCown,

& Biehler, 2009).

John Dewey has found inquiry in experience and has explained the pattern of inquiry,
which is originated in human culture, language and everyday experience. According to
Dewey, learning experiences should be done in collaboration and placed in an aspect of
reconstruction of knowledge. Dewey also mentioned the role of reflection. While
describing practical forms of inquiry, he added three situations: pre-reflection, reflection

and post-reflection (Constantinou, Tsivitanidou, & Rybska, 2018).

In the 1960s Joseph Schwab demanded inquiry to be divided into three distinct levels
(schwab, 1960). This was later formalized by Marshall Herron in 1971, who was the
founder of the Herron Scale to evaluate a particular lab exercise through the amount of
inquiry. It was a four-point scale that ranked from level zero to level three, describing in

terms of students’ degree of “openness.” (Herron, 1971).



Table 1 Schwab/Herron Levels of Laboratory Openness ( adapted from (Azinoor, Farina, Zuhaida, Fauzi, &
Muhamad, 2018))

Level Problem Ways & Means Answers
0 Given Given Given
1 Given Given Open
2 Given Open Open
3 Open Open Open

From then on, there have been a number of revisions proposed, and inquiry can be
seen in various forms. For example, “inquiry and design framework,” which people
understand by Design, “disciplinary-specific inquiries” like Cognitively Guided Instruction
in Math and Physics, and involves project-based learning and problem-oriented or case-
based learning. There is a range of opinions of inquiry-based teaching approach available

(J. D. Wilhelm & Wilhelm, 2010).

2.2 Definition of IBL

Inquiry is the planned process of recognizing situations, constructing problems,
analyzing experiments and differentiating alternatives, organizing investigations,
researching hypotheses, searching for information, constructing simulations, discussion
with peer using evidence and representations and creating coherent reasons (Linn, Davis,
& Bell, 2004 as cited in Constantinou et al., 2018). Student inquiry refers to an activity that
enables students to conduct observations, come up with questions, examine instructional
materials and other sources of information so that they can see what is already known. The
students investigate, review what is already known in light of their experimental evidence.
They also use tools to collect, analyze, and interpret data, propose answers, explain, make

predictions, and discus the results (Hussain, Azeem, & Shakoor, 2011).



Regarding the term IBL, which is Inquiry Based Learning, “is a learner-centered
pedagogy in which students play an active part in the process of knowledge discovery or
acquisition” (Fernandez, 2017, p. 2). Inquiry-based learning is a strategy in education
which students work as the roles of professional scientists in order to construct knowledge
(Keselman, 2003). It can be characterized as a process of discovering new causal
relationships among variables, and the learner formulate hypotheses and test them by
conducting experiments with observations or making observations without experimental
process (Margus Pedaste, Mieots, Leijen, & SaraPuu, 2012). Inquiry-based learning
focuses on and learner’s active participation and responsibility for discovering new

knowledge (Jong & Joolingen, 1998).

2.3 Characteristics of IBL

2.3.1 The levels of IBL

There are many different explanations for inquiry teaching and learning and the
various levels of inquiry depending on contexts. The articles titled “Assessing Inquiry
Potential: A Tool For Curriculum Decision Makers’ and “The Many Level of Inquiry”
clearly outline four levels of inquiry (Banchi & Bell, 2008; Tafoya, Sunal, & Knecht,
1980).

Level 1. Confirmation inquiry

The teacher has introduced a particular scientific principle or concept to the students.
The teacher then forms questions and a procedure that lead the students through a predicted
activity where the results are already supposed to happen. This method is very useful to
improve concepts taught and to introduce students into a way of learning that come after

procedures, collect and record data and to confirm and students’ understandings.

Level 2: Structured inquiry
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The students are provided with the initial question and an outline of the procedure.
The students then asked to formulate explanations of their findings based on evaluating and

analyzing the data that they collect.
Level 3: Guided inquiry

In this level, the students are only provided with the research question from the
teacher. The students are responsible for developing and directing their own procedures to

test the question and then present and explain their results and findings.
Level 4: Open/Trueinquiry

Students formulate their own research problem(s), create a developed procedure to
solve the problem(s), and communicate their findings and results. This level of inquiry is

common used in science studies where students push their own investigative questions.

Table 2 Levels of inquiry on teacher agency and learner autonomy (Tafoya, Sunal, et al., 1980)

Level 1 Level 2 Level 3 Level 4
Confirmation Structured Guided Open/True
Inquiry Inquiry Inquiry Inquiry
Problem Teacher-led Teacher-led Teacher-led Student-initiated
Procedure Teacher-led Teacher-led Student-initiated  Student-initiated

Solution Teacher-led Student-initiated  Student-initiated Student-initiated

Similarly, Fay and Bretz (2008) described levels of the IBL rubric for comparing
laboratory activities. The rubric is based on the theory that students’ freedom is at
distinguishable degrees. Slightly different from Banchi and Bell (2008), the four levels of
inquiry-based learning progress from 0 to 3, increasing responsibility to students with

decreasing direction from teachers (see table 3).
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Table 3 Levels of inquiry rubric (adapted from(Fay & Bretz, 2008))

Level Problem/Question Procedure/Method Solution
0 Provided to students Provided to students Provided to students

1 Provided to students Provided to students Constructed by
students

2 Provided to students Constructed by Constructed by
students students

3 Constructed by students Constructed by Constructed by
students students

According to Banchi and Bell (2008), teachers should start their inquiry instruction
at the lower levels and continue their ways to open inquiry so that they gradually develop
students' inquiry skills in effective ways. Open inquiry activities are done successfully if
students are motivated by intrinsic values and if they are well-prepared with the skills to

conduct their own research study (Yoon, Joung, & Kim, 2012).

2.3.2 IBL procedure

Inquiry based learning can contribute to developing questions, making observations,
doing research to find out what information is already recorded, developing methods for
experiments, developing instruments for data collection, collecting, analyzing, and
interpreting data, outlining possible explanations and creating predictions for future study

(Mieots, Pedaste, & Sarapuu, 2008).

Specific learning processes that learners engage in during inquiry-based learning

(Friedler, Nachmias, & Linn, 1990; M. Pedaste & Sarapuu, 2006; Veermans, 2002) include:

e problem identification
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e research question formulation

e hypothesis formulation

e experiment planning

e carrying out an experiment

e analysis and interpretation of results

e drawing conclusions and presenting the findings

2.4 1IBL in science education

A number of support in Inquiry-based learning in science education is increasing with
a number of educators who are interested in teaching which involves inquiry (Polman,
1998). John Dewey, which was a well-known educational philosopher at the beginning of
the 20th century, was the first person who argued the fact that young scientific thinkers
should have been developed in science education in a way that was not taught directly. He
suggested that science should be taught in a form of a process and way of thinking rather
than memorizing what students learned (Council, 2000). While Dewey was the first person
to point up this issue, Joseph Schwab spent lifelong work and efforts on the reform within
science education. Joseph Schwab, an educator, suggested that science could be a driven
process of thinking and learning with flexibility and multi-directional inquiry. Schwab
mentioned that science in the classroom should be active like scientists conducting research
(G.E, 2014). In addition, science process skills are advantageous to students to inseparably
practice, starting from the conceptual understanding in learning to apply science in inquiry
in the science laboratory. Science process skills have two degrees: Science process skills
(observing, classifying, measuring, and predicting) and Integrated Science Process Skills
(defining variables, transforming data, constructing tables of data, interpreting data,
formulating hypotheses, drawing conclusions, and generalizing, etc.) (Karamustafaoglu,

2011).
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The National Science Education Standards (Council, 1996) details both the abilities
necessary to do scientific inquiry and the understandings about scientific inquiry. The
abilities and understandings about inquiry that students in grades 9—12 should meet are

included in tables 4 and 5. The abilities and understandings about inquiry are matched to

the 4 levels of IBL in table 6 (Grady, 2010).

Table 4 Abilities necessary to do scientific inquiry (Council, 1996)

Abilities necessary to do scientific inquiry

1. Identify questions and concepts that guide scientific investigations.

2. Design and conduct scientific investigations.

3. Use technology and mathematics to improve investigations and
communications.

4.  Formulate and revise scientific explanations and models using logic and
evidence.

5. Recognize and analyze alternative explanations and models.

6.  Communicate and defend a scientific argument
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Table 5 Understandings about scientific inquiry (Council, 1996)

Understandings about scientific inquiry

7. Scientists inquire about how physical, living, or designed systems function.
Conceptual and scientific knowledge influence the design and
interpretation of investigations and the evaluation made by other scientists.

8. Scientists conduct investigations to discover aspects of the natural world,
explain observed phenomena, or test conclusions of prior investigations or
the predictions of theories.

9. Scientists rely on technology to help gather and manipulate data.

10. Mathematical tools and models guide and improve the posing of questions,
gathering of data, constructing of explanations and communicating results.

11. Scientific explanations must be logically consistent, abide by the rules of
evidence, be open to questions and possible modification; and be based on
historical and current scientific knowledge.

12.  Results of scientific inquiry—new knowledge and methods—emerge from
different types of investigations and public communication among

scientists.

Table 6 The inquiry matrix (Grady, 2010)

Level of Scientific Reasoning Tasks
Least complex > Most complex

Six Abilities for Pre-inquiry Developing Proficient Exemplary
Inquiry Inquiry Inquiry Inquiry
1. PROBLEM: Identify questions and concepts that guide scientific investigations
Generating Students do not Students make Students choose Students generate
scientifically contribute to the small revisions ~ from a pool of the question for
oriented investigation to the questions; the investigation
questions question; it is investigation teacher provides based on their
provided by the question based  guidance, own experiences,
teacher or on questions boundaries, and knowledge, and
curriculum. provided by the  support for the research. The
teacher or investigation teacher plays
curriculum. question. little to no role.
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Making
predictions or
posing
preliminary
hypotheses prior
to conducting
investigations

Students do not
pose preliminary
hypotheses or
make predictions;
these are provided
by the teacher or
curriculum
materials.

Students choose
from possible
predictions or
preliminary
hypotheses
provided by the
teacher or
curriculum
materials.

Students generate
their own relevant
and testable
predictions

or preliminary
hypotheses,
without
conducting prior
investigations of
the research
question or a
literature review.

Students generate
their own
relevant, testable,
and falsifiable
preliminary
hypotheses based
on prior
investigations of
the research
question or a
literature review.

2. PROCEDURE: Designing and conducting the research investigation

Designing the
procedure for the
investigation

Selecting
dependent and
independent
variables

Considering
experimental
controls and
conditions that
need to be con-
trolled

Gathering and
organizing data
during the
investigation

Students do not
contribute to

the design of the
investigation;
these are provided
by the teacher or
curriculum.
Students do not
choose variables;
these are provided
by the teacher or
curriculum.

Students give no
attention to the
design of controls,
and conditions
that need

to be controlled,
these are provided
by the teacher or
curriculum.
Students do not
collect data; the
data is provided
by the teacher or
curriculum
materials.

Students make
limited
contributions to
the procedure.

Students choose
variables but
have no
rationale for
their choices.

Students give
minimal
attention to the
design of
controls and
conditions that
need to be
controlled.

Students gather
and record data,
giving little to
no thought to
the
representations
(e.g., tables,
drawings, or
photos) of the
data.

Students make
numerous
contributions to
the procedure.

Students choose
variables and have
limited rationale
for their choices.

Students give
some attention to
the design of
controls and
conditions that
need to be
controlled.

Students gather
and record data,
giving some
thought to the
representations of
the data with some
contributions from
the teacher.

Students design
most

of the procedure
with limited
support from the
teacher.

Students have a
thoughtful,
scientific
rationale for their
choices of
variables.
Students give
purposeful,
focused attention
to the design of
controls and
conditions that
need to be
controlled.

Students gather
and record their
own data, giving
consideration to
the
representations
of the data, with
little to no
contribution from
the teacher.

3. PROCEDURE:

Use technology and mathematics to improve investigations and

communications

Analyzing
datausing
calculations,
graphing, and
statistical
analyses; looking
for anomalous
data

Students do not
analyze data; the
data analysis is
provided by the
teacher or
curriculum
materials.

Students
conduct some of
the data
analysis; much
of the analysis

is done by the
teacher.

Students conduct
their own data
analyses with
some
contributions from
the teacher.

Students conduct
their own data
analyses with
little to no
contribution from
the teacher.

4. SOLUTION: Formulate and revise scientific explanations and models using logic and evidence
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Identifying the
evidence from the
analyzed data

Providing
explanations

Students do not
identify evidence
from the data; the
teacher or
curriculum
materials identify
the evidence.
Students do not
provide
explanations; the
teacher or
curriculum
materials provide
the explanations.

Students
identify the
evidence from
the data; much
of the analysis
is done by the
teacher.
Students
provide
explanations
with significant
contributions
from the
teacher.

Students identify
the evidence from
the data; some
contributions to
the analysis are
done by the
teacher.

Students provide
explanations with
significant
contributions from
the teacher.

Students identify
the evidence
from the data
with little to no
contribution from
the teacher.

Students provide
explanations with
little to no
contribution from
the teacher.

5. SOLUTION: Recognize and analyze alternative explanations and models

Note unexpected  Students do not Students note Students provide Students note
findings, note unexpected with significant  explanations with  with little to no
addressing finding, contributions some contribution from
accuracy of data, addressing from the teacher contributions from the teacher the
experimental accuracy of data,  the unexpected  the teacher the unexpected
errors, experimental findings, unexpected findings,
limitations, or errors, limitations, addressing findings and addressing
flaws or flaws; the accuracy of addressing accuracy of data,
teacher provides data, accuracy of data. experimental
these. experimental errors,
errors, limitations, or
limitations, or flaws.
flaws.
Connecting Students do not Students make Students make the  Students make
evidence with connect the the connections  connections the connections
scientific evidence to between the between the between the
knowledge scientific evidence and evidence and evidence and
knowledge; the scientific scientific scientific
teacher or knowledge with  knowledge with knowledge with
curriculum significant some little to no
materials provide  contributions contributions from contribution from
the connections. from the the teacher. the teacher.
teacher.
Posing and Students do not Students pose Students pose Students pose
analyzing address alternative alternative alternative and analyze
alternative explanations for explanations explanations and alternative
explanationsand  evidence or and predictions  predictions with explanations and
predictions predictions; the with significant ~ some predictions with
teacher or contributions contributions from little to no
curriculum from the the teacher. contribution from
materials provide  teacher. the teacher.
alternative
explanations and
predictions.

6. SOLUTION: Communicate and defend a scientific argument

Communicating and
defending findings
through discussion,
presentations, or
written reports

Students do not
communicate and
defend their findings;
the teacher
communicates the
findings to the
students.

Students
communicate and
defend their
findings with
significant
contributions from
the teacher.

Students
communicate and
defend their findings
with some
contributions from
the teacher.

Students
communicate their
findings with little
to no contribution
from the teacher.
Students use logical
arguments to defend
their findings.
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Nowadays, students at all levels of education can successfully experience and
develop their level thinking skills more deeply through scientific inquiry (Council, 1996).
In Hampshire College, McMaster University in Canada, students are taught through
inquiry-based learning so that they will become self-directed learners and take more
responsibility for how to construct knowledge in their own ways (McMaster University,
2007 as cited in (Spronken-Smith, 2012)). The graduated levels of scientific inquiry
indicated by Schwab demonstrate that students are required to have thinking skills and

strategies prior before they are exposed to higher levels of inquiry (G.E, 2014).

3.1 IBL in Physics subject

Inquiry-based learning helps students learn by participating in activities that reinforce
physics concepts. Inquiry-based learning works by showing students with authentic
questions, observations, rather than showing concepts taught by teachers. This process
promotes the active engagement of students, and has been presented as results in the

increased learning and retention of ideas (Mathematics, 2016).

my <mp <m3<my<ms

Five blocks of the same size and shape but
different masses are shown at right. The i
blocks are numbered in order of increasing va / /'
mass (i.e. m) <my <mg <my <ms).

7

Water level
All the blocks are held approximately
halfway down in an aquarium filled with
water and then released. The final positions
of blocks 2 and 5 are shown. @

On the diagram, sketch the final positions
of blocks 1, 3, and 4. Explain your
reasoning.

(Assume that the water is incompressible.)

Y,

Figure 1 The five block problem (Loverude, Gonzalez, & Nanes, 2011)
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An aluminum block, block A, and a brass Water level
block, block B, are placed into identical Water unknown
graduated cylinders. The blocks are the N tevel i
same size and shape, but block B is
heavier. After block A is placed into the
eraduated cylinder, the water level is as
shown. The inital water levels in the
cylinders are the same.

=5

Is the water level in the graduated
cylinder containing block B higher than,
lower than, or at the same height as the
water level in the graduated cylinder

containing block A7 Explain. Sketch the \ J
water level in the diagram at right. /—j\

Figure 2 The water displacement problem (Loverude et al., 2011)

Majority of teachers fail to employ inquiry teaching methods in their classrooms, and
this become a question posed by philosophers and psychologists. According to ostenson
and Lawson (1986), there are ten reasons that are the challenges of using inquiry in
classroom. A significant reason involves with teaching habits which impact teachers’
change of traditional teaching styles to inquiry method. If “Teachers tend to teach as they
were taught. If they were taught through lecture, they are likely to lecture, even if such
instruction is inappropriate for their students” (McDermott, Shaffer, & Constantinou, 2000,

p. 72).

McDermott et al. (2000) indicated that the teachers find it difficult to develop good
inquiry-oriented instructional materials. However, on the basis of direct experience with
the intellectual demands of learning by inquiry, teachers are well- prepared to meet the

challenge of matching their instruction with their students’ level of developmental.

3.2 Common views of IBL

3.2.1 Benefits of IBL
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There are many reasons that foster teachers to increase the use of IBL in their

classrooms, and all of them are related to the benefits that students will obtain from this

approach. According to different authors, benefits have been identified as the following:

IBL increases students’ achievement significantly in mathematics and
science, regardless their lower levels of self-confidence and unfavorable

backgrounds (Rocard et al., 2007).

Students will understand and remember content knowledge of science better
(Walker, 2015).

IBL helps increase students’ ability through learning with understanding,
and this ability contributes to the use of their knowledge in new situations
and contexts (transferability of knowledge) (Dorier & Maal3, 2012).

IBL helps promote critical thinking skills and the development of key
competencies (Hattie, 2009).

In the IBL process, students are mainly self-directed learners with partly
inductive and deductive learning processes. They do experiments to
investigate the relations between dependent and independent variables (P.
Wilhelm & Beishuizen, 2003).

IBL give students with opportunities to develop a wide range of
complementary skills such as group work, writing in verbal expression,
experience of open-ended problem-solving and other cross-disciplinary
abilities (Rocard et al., 2007).

Students will understand of how scientists generate knowledge and how the

current scientific knowledge was developed and produced (Rakow, 1986;

20



Walker, 2015). As a result, students will create a more balanced and realistic
perception about science, its nature, and the way it is created and developed.
IBL has positive effect on students’ attitudes and motivation towards
science studies. They find math and science subjects more interesting and
exciting (Dorier & Maal3, 2012).

IBL may affect students’ willingness to continue studying scientific
disciplines and getting involved in scientific careers (Dorier & Maal3, 2012).
IBL approach may be an effective way to grow girls’ interest, self-

confidence and participation in scientific activities (Rocard et al., 2007).

3.2.2 Challenges of IBL implementation

Even though IBL has great benefit on constructive development, obstacles and

problems hinder the increase of a wide uptake of IBL. Anderson and D. (1996) stated three

problems that are the barriers of the use of constructive approaches in teaching. These

include:

Technical problems, like limited teaching ability of teachers, challenges of
assessment, struggling with group work management, misunderstanding of
teachers and students’ roles, inadequate in-service education.

Political problems, like limited in-service education, parental resistance,
resistance between principals and other educational authorities, differing
judgments between justice and fairness.

Cultural problems, like teachers’ belief, views of assessments, preparation

ethics.

Although theses problem could contribute to the limited impact of IBL in classrooms,

teachers are supposed to play important role that can make IBL happen in classroom.
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Noticing obstacles and barriers they see for the use of IBL is very important in professional

development programs (Dorier & Maal}, 2012).

Walker (2015) and Rakow (1986) worked differently to collect problems that

teachers normally face when applying IBL in the classrooms as the following:

e Inquiry-based science takes more time

e Teacher loses control

e Problems with safety

e Inquiry based lessons might not “work”

e Lack of resources

¢ Inquiry is only of value to high ability students
e Student resistance to inquiry

e Lack of training and support

¢ Difficulty of assessment

In the context of the emphasis on inquiry teaching in science education, pre-service
elementary teachers’ understanding and practicing science inquiry teaching during field
experience have been taken into account (Yoon et al., 2012). While the practice of
hypothesis-based inquiry teaching was a very useful approach for teachers, it is not easy
for them put the process of hypothesis-making, test design, and justification into practice
with students in the classrooms. Yoon et al. (2012) found six difficulties of inquiry teaching

and categorized them in two dimensions: ‘on the lesson’ and ‘under the lesson’.

Findings I: Difficulties ‘on the lesson’

e Difficulty 1: Developing Children’s Own Ideas and Curiosity
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e Difficulty 2: Guiding Children in Designing Valid Experiments for their
Hypotheses

¢ Difficulty 3: Scaffolding Children’s Data Interpretation and Discussion

Findings II: Difficulties ‘under the lesson’

e Difficulty 4: Tension Between Guided and Open Inquiry
¢ Difficulty 5: Incomplete Understandings of Hypotheses

e Difficulty 6: Lack of Confidence in Science Content Knowledge

Lawson (2000) mentioned the common issues novice teachers encounter in

managing IBL classroom. Some of them are listed below:

e Some students do not participate enough

e Some student do not know how to get the inquiry started

e Some students do not care and do not see the inquiry as relevant to their lives
e Some students lack of background knowledge for inquiries

e Some students have bad attitude and are disruptive

e Some students do not want to think for themselves

e Some students do not listen, are bored and disruptive

The training of teachers in the inquiry approach is a significant challenge in science
education in many countries. This will become new questions how to establish effective
strategies to continue strengthening the inquiry approach among teachers, and make it in
progress implementation inquiry activities with greater levels of openness in different
topics of the curricula and designation of coherent evaluations of this teaching model

(Pérez & Furman, 2016).
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Inquiry training model have positively significant impact on traditional teaching
methods on students’ academic achievement. Therefore, teachers should consider how to
prepare learning environments in which students will be active in accordance with their

characteristics and then introduce these environments to students (Abdi, 2014).

3.2.3 Teachers and students’ perceptions of IBL

Teachers think that inquiry is an effective learning approach that contributes to
students’ learning and active motivation. Inquiry instruction benefits all students with
varying backgrounds, helping them to be engaged in the process of learning. However, the
inquiry takes time and a lot of preparation to ensure its achievement (Eltanahy & Forawi,

2019).

Students expressed positive perceptions and attitudes toward inquiry learning
strategy. IBL process changes their feeling about studying science and makes them excited
to engage in science classes as mentioned by (Rubani, Ariffin, Subramaniam, & Hamzah,
2017), although they have some difficulties with time constraints (Eltanahy & Forawi,
2019). Moreover, according to (Baldock & Murphrey, 2020), students also raise beneficial
aspects of inquiry-based learning that give them opportunities to learn by themselves, gain

knowledge, be different, have an experience, use prior knowledge, and entertain.

3.3 IBL in the Cambodian context

3.3.1 Various actions relevant to IBL

Training science teachers

STEPSAM, which is Secondary School Teacher Training Project in Science and
Mathematics, found that Fundamental issues in the science and mathematics education have

occurred. These include learning without the understanding of the concepts of science and
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mathematics. Moreover, teaching focuses on memorization of science and mathematics,
and they do not pay attention to theoretical structures, common misconceptions and so on
(Agency, 2016). In order to deal with these situations, “STEPSAM?2 introduced inquiry-
based learning into Provincial Teacher training Centers (PTTC) and Regional Teacher
Training Centers (RTTC), and STEPSAM3 introduced the Teacher’s Guide to change the
daily lessons of the teachers. NIE trainers gave instructions to the trainers of PTTC and
RTTC in STEPSAM2, and RTTC trainers became INSET trainers for lower secondary

teachers in STEPSAM3 (Agency, 2016, p. 71).”

SEAMEQO QITEP in Science (SEAQIS) arranged a workshop called In-Country
Training on Inquiry Based Science Education in Preparing for STEM Education in Phnom
Penh, Cambodia, starting from 4 to 6 December 2017. In cooperation with the Ministry of
Education, Youth and Sports of Cambodia, the program was attended by 35 people,
including of Junior High School science teachers, science teacher trainers and Cambodia
government officials related to science teacher coaching. At the end of the training, the
participants felt enthusiastically to improve their pedagogy competence and the quality of
science learning in the classroom in expectation to achieve the ultimate goal: enhancing

students’ literation in science(Agustiani, 2017).

In cooperation with the Teacher Training Department, an organization known as The
Cambodia Charitable Trust has created a platform to bring Trainers and in-service teachers
together so that they develop a training and practicum system with the best of theory and
practice through Inquiry-based Learning and Lesson Study. This is transforming teacher

education in Cambodia (Trust, 2017).

According to Teacher Policy Action Plan, in strategy 4: Developing teacher training

institutions, The Ministry planned to develop the infrastructure of the teacher training
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centers. These included upgrading TTC infrastructures, teaching and learning materials,
ICT facilities, laboratories, toilets, dormitories and constructing additional science

laboratories in 14 TTCs (MoEYS, 2015).

MOEYS has established strategic action plan for Teacher Training Reform at Teacher
Education Institutions (Ministry of Education, 2019), such as reviewing teacher training
programmes at National Institute of Education (NIE), Teacher Education Colleges (TECs)
and RTTCs, ensuring training equivalence, especially in STEM, ICT and foreign languages
as well as strengthening the capacity of trainers on subject-based knowledge, teaching

methods and ICT.

Putting IBL into practice

The Ministry emphasizes the importance of critical thinking that make students in
preparation for future employment because employers need employees with analytical
thinking and decision-making as skilled and semi-skilled work (Bredenberg, 2018). To
achieve the goal, students should be receiving education through teaching methodologies
that help develop other cognitive competencies like critical thinking and problem-solving
abilities. If we have a look at New Generation Schools (NGS) reform, which this program
provides autonomy with the aim of encouraging curriculum innovation including
instructional practices to ultimately improve students’ learning outcomes and prepare them
for the workforce in the twenty-first century, the Schools have been generating problem-
based learning and constructivist teaching methods. Problem-based learning is an inquiry-
based learning where students learn through discussion of open-ended and real-world
problems. Similarly, constructive learning is an active process that students contextualize

information and construct meaning based on their experiences of life. The students are
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required to utilize critical thinking skills to analyze relevant real-world problems through

both approaches (Donaher & Wu, 2020).

A finding of students’ competency through inquiry at university

Even though Cambodian university students with little previous exposure of inquiry
based learning from their high school studies, they are highly receptive and adapt quickly
to inquiry strategies. Dickinson, Ford, Galloway, and Lemke suggested that longitudinal
effects of inquiry on student success and teaching practices is in need of examination.
Cambodian pre-service teachers are required to shapes their future practice of teaching
through inquiry whether they experience in this constructive approach (Dickinson, Ford,

Galloway, & Lemke, 2011).

3.3.2 Common issues and challenges to IBL

While IBL is an effective teaching approach that helps contribute to the development
of students’ critical thinking skills, several challenges have been found as limitations of
uptake of IBL. Those challenges are categorized into three main factors that are the barriers

to IBL implementation as the following:

Infrastructure

Most Cambodian Schools stills have limitations of major teaching aids such as
textbooks, libraries, electricity, laboratories, teaching materials, and teacher’s guide,
reference books for teachers, tables, as well as school buildings (MoEYS, 2018a; Ren &
Kosal, 2016). In Physics course, students are supposed to have more activities in
experiments and this requires appropriate facilities like materials, laboratories, and other
teaching aids. Moreover, it is necessary for having those teaching and learning supports if
students learn through IBL approach. In the Cambodia context, this is an issue for teachers

who wish to implement IBL in the classrooms.
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Teachers

Teachers play a very important role in providing students the education with critical
thinking ability through inquiry. However, they still struggle with this approach due to
some reasons. Even though the concept of IBL have been introduced into Cambodian
teacher training institutions in 2010, pilot school teachers as well as TTC teachers are still
facing some challenges with techniques (JICA, 2012). Three major difficulties are found

as below.

1) Difficult to apply IBL in lessons without experiment
2) Difficult to develop key questions

3) Difficult to manage time for preparation and during lessons.

In 2017, Cambodian Teacher Education Institutions was introduced with Education
for Sustainable Development, and the purpose of this workshop was to build capacity of
teacher education institution leaders, teacher educators in ESD as well as inspiring them to
initiate and implement ESD concepts at their institutions (RUPP, 2018). Leaders and
teacher educators from Royal University of Phnom Penh (RUPP), National Institute of
Education (NIE), Teacher Training Department (TTD), Phnom Penh Teacher Education
College (PPTEC), and Kampot Provincial Teacher Training College (KPTTC) were the
target for attending this program so that they learned developing their action plans to further
spread ESD concepts with their trainees. Inquiry based learning was included as one of
main pedagogy in lesson plans as a part of Education for Sustainable Development.
However, according to the report, not all teacher trainers are enthusiastic about and

implement ESD in their teaching and training and follow up with ESD implementation.

In addition, many researchers have found that Cambodian pre-service teacher training

programs have found difficult to make connection between theory and practice due to a
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current shortage of qualified teacher trainers (Benveniste et al., 2008; Pich, 2017; Tandon
& Fukao, 2015; Williams et al., 2016). According to Tandon and Fukao (2015), many
teacher trainers are unable to teach meaningful content mastery and they still use teacher-
centered teaching approach instead of student-centered pedagogy. This action might
influence their trainees to continue teaching styles, that is, IBL, which is one of student-

oriented approach, is rarely implemented in schools.

Students

As being mentioned earlier, the concept of IBL requires students to seek answers that
respond to their research questions, rather than receive direct instruction from the teacher.
Students must have prerequisite knowledge to conduct their inquiry. Recently, there was a
study about promoting student understanding on Projectile Motion by using Inquiry-Based
Learning approach (So, 2018). The study was conducted in a high school in Tbong Khmum
Province with more than 100 eleventh graders. So (2018) pointed out that students’
background knowledge and inadequate teaching infrastructure were the main challenges of
inquiry based learning implementation in physics subject for the study. Moreover,
Cambodian students’ tendency towards social science classes rises significantly in the last
six years. According to Soprach (2019), “the increase in the number of students taking the
social sciences class has seen an 18-fold increase, from 2,492 in 2014 to 45,002 in 2018
(Ministry of Education), while those studying the science class has remained at around
30,000.” This is partly shown that Cambodian students do not like studying science
subjects. Students’ participations are really significant to generate true inquiry based

learning in the classrooms.

3.4 Expectations of further IBL implementation
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The Ministry of Education, Youth and Sport has established the Cambodia Education
2030 Roadmap, which will focus on providing quality services, equity, technical and
vocational education, especially life-long learning to improve quality effectiveness, job
productivity, in line with technological age of promoting economic and social prosperity
(The Ministry of Education, 2019). Cambodian Teachers and students are the cores vision

of human capital.

Cambodia’s vision of a teacher for 2030

Cambodian teachers will be professionally competent, motivated, supported, and
equipped with sufficient academic contents. They will have pedagogical skills and a
passion for teaching and love for their students. Moreover, teachers will be continuously
supported to develop their content knowledge and competencies that best promote student

learning.

Cambodia’s vision of a student for 2030

Cambodian students will be well-prepared and motivated to learn regardless of their
background. They will receive education through professionally competent and qualified
teachers, that is, they will be equipped with both hard and soft skills enabling them to

contribute to and actively participate in the society.

To reach this goal, the Ministry of Education has made noticeable reforms to improve
the quality of education such as teacher training institutions, developing teachers’ capacity
and teacher education centers, especially strengthening the capacity of trainers on subject-
based knowledge and teaching methods (Ministry of Education, 2019). Along with these
reforms, inquiry based learning is expected to further be implemented on teacher training

institutions, new generation schools as well as normal schools throughout Cambodia.

3.5 Summary of this chapter
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This chapter has reviewed in six major sections: the history of IBL, IBL definition,
characteristics of IBL, IBL in science education, common views of IBL, and IBL in the
Cambodian context. The first section started with the history of IBL rising in the 1960s as
a part of constructive learning. Later on, IBL was developed in various forms by next-
generation scholars. IBL focuses on students’ activities to find new knowledge by
themselves, and those activities define the four levels of IBL. IBL is often used in science
education, including Physics courses. Students who study through IBL gain their
improvement and development of constructing knowledge, soft skills, and attitude.
However, the applications of IBL in classrooms face some problems.

In Cambodia, IBL is taken into account of establishment in teacher training institutes
so that teachers are aware of it before applying it to students. However, there are limitations
of IBL applications due to various issues like shortage of teaching materials, low
commitments, inadequate training, etc. In this case, the Ministry of Education, Youth and
Sport has not ignored those concerns and is currently trying to make a new reform of
education to make IBL active again and to respond to further vision in the future. The next

chapter, chapter 3, will present the method to collect data in this study.
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CHAPTER 3: RESEARCH METHODOLOGY

This chapter shows research design, sample size and sampling technique, research
instruments, data collection procedure, and data analysis. It includes a description of scope
of the study, some limitations of various methods and a discussion of ethical issues that
may occur in conducting the study.

3.1 Research design

Qualitative case study was employed in this study in order to reach the aims and
objectives of the study. Qualitative case study is a research methodology that contribute to
exploration of a phenomenon within a particular context through various data sources, and
it conducts the exploration through variety of observation in order to reveal multiple parts
of the phenomenon (Baxter & Jack, 2008). In case study, researchers explore a real-time
phenomenon within its naturally occurring context, with the consideration that a difference
will be created by the context (Kaarbo & Beasley, 1999). Because the current study was
conducted to explore students and teachers’ perception of inquiry-based learning in
Physics, the researcher collected data from Physics teachers and students in a high school
in Phnom Penh City. Therefore, qualitative case study using semi-structured interview was

suitable for the nature of the current study.

3.2 Sample size and sampling technique

The researcher selected 6 physics teachers who teach students at upper-secondary
level and 5 upper-secondary students (3 in grade 10, and 2 in grade 11) by using the

snowball sampling technique in a high school in Phnom Penh City.

Since the current research is a case study, the researcher chose teachers and students

who have experienced with inquiry based learning applied in physics course with an above-
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mentioned number. Due to a small number of the physics teachers, the researcher asked all
of them to participate in the study. In contrast, the targeted number of the students was
selected for participation in this research because the researcher could not interview all
upper secondary level students at the school. The researcher used the snowball sampling
technique to choose student participants. It meant that the teacher participants were asked
to assist the researcher in identifying outstanding students and those who were low-
performing. The researcher selected three outstanding students (twos students were in grade
10 and another was in grade 11) and two students with poor performance (one in grade 10
and another in grade 11). The researcher did not interview average-performing students
because the findings received from outstanding and low-performing students could
sufficiently help the researcher synthesize the data and estimate it in an average of students’

learning through IBL.

The researcher had planned to interview four students from each teacher. However,
only two teachers allowed the researcher to meet their students. Moreover, some students’
parents did not allow their children to participate in the study even though the researcher
had sent a consent letter with explanation. This problem made the number of students who

participated become less.

3.3 Research instrument

As this study employs a qualitative research design, the semi-structured interview
was employed with all respondents. The researcher had planned to use an observation
instrument to triangulate the information. According to Creswell, Fetters, and Ivankova
(2004), qualitative data consisted of both semi-structured interviews and field observations

which are analyzed by coding to develop themes and categories(Staples, 2008). However,
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due to Covid-19, the school closed, and the researcher could use the semi-structured

interview through online only.

The interview was established by using the semi-structured interview questions,
which were consulted with the researcher’s supervisor with a set of questions to be asked
the participants during the interview process. This semi-structured interview questions
were divided into five sections with specific set of close-ended and open-ended questions

(see appendixes A-B).

3.4 Data collection procedure

This section describes the procedures that the researcher used to collect data. In this
section, the researcher used the above instrument to collect data. First, the researcher met
the school principal at the selected high school in Phnom Penh. He explained the purpose
of the study and submitted a consent letter to him. After getting approval from the school
principal, the researcher was allowed to meet the targeted teachers, and he sent them the
consent letter and asked them permission to join in the study. The interview between the
researcher and teacher participants took place on June 5th, 2021. After interviewing
teachers, the researcher began interviewing students selected and allowed by their teachers
and parents. The researcher interviewed all selected participants about their perceptions
regarding teaching and learning through inquiry, and the interview process ended on July
31st, 2021. In this process, the researcher employed semi-structured interview sheets
interviewing the participants online at a convenient time. The period of each interview took
about 40 to 50 minutes. Moreover, the researcher used Zoom Meeting for this interview
and used Zoom’s record function to record their voices. Then, the records were converted

from voice to text (known as transcription), and this process was done by the researcher
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himself. Furthermore, before starting each interview, the researcher explained to them

carefully the purposes of this interview and asked them permission to record their voices.

3.5 Data analysis

After the data was collected, the researcher tried to organize, transcribe, code, and
categorize it. Moreover, to use the responses, the researcher chose the answers, which were
the best to represent the data and comment on participants’ perceptions regarding inquiry-
based learning. The researcher quoted the responses, which were interesting, from the
interview transcripts directly into finding sections. Furthermore, all of the data was
analyzed case-by-case carefully and confidentially. Otherwise, the researcher compared the
findings with previous studies, and then the researcher interpreted the meanings of the

findings to answer the research questions.

3.6 Ethical considerations

This study was conducted by putting great attention on confidentiality and
anonymity. All selected participants were informed about the study and was asked to give
their consent to participate in it. To obtain valid consent, the study used an introductory
statement at the start of interview to ask permission from the participants. This study would
not ask for the name of participants, which showed anonymity in the study. Participants

could skip questions or withdraw from the study at any time.

3.7 Summary of the chapter

This Chapter has reviewed in seven major sections: research design, sample size and
sampling technique, research instrument, data collection procedure, data analysis, and
ethical consideration, and limitation of the study. The researcher decided to use the
qualitative research method for data collection and choose the purposive sampling method

to pick up the participants. Then, the researcher selected six teachers of Physics—one of
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them is female. After that, the researcher received five student participants—three of them
are females. Moreover, an instrument—online interviews—was used to collect data from
June to July 2021. Later on, the researcher started to analyze the data by coding. The
researcher also cared about ethical considerations that might affect the participants. Last
but not least, some limitations were raised for information when the researcher conducted

this study. The next chapter, chapter 4, will present the findings of this study.
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CHAPTER 4: FINDINGS

In this chapter, the researcher will show six main findings as the following: (1)
teachers’ understanding regarding IBL and its levels; (2) how Physics teachers apply IBL
in classrooms; (3) positive outcomes students obtain after learning through IBL; (4)
positive outcomes teachers obtain after applying IBL; (5) challenges that teachers and
students meet in the process of IBL in classrooms; and (6) teachers and students’

perceptions regarding the use of IBL approach respectively.

4.1 Demographic information of participants

There were 11 participants who participated in this study. Among them, 6 participants
were teachers and 5 participants were students. Regarding the teacher participants, one of
them was female, and their age ranged from 24 to 28 years olds. Their teaching experiences

were slightly different from each other, including relevant information as shown in table 7.

Table 7 Significant information of teacher participants

Teaching Working at The
Gender Age (year) Experience High School
(year) (year)
Teacher P1 Male 28 5 5
Teacher P2 Female 27 3 3
Teacher P3 Male 25 3 1
Teacher P4 Male 24 2 2
Teacher P5 Male 24 1 1
Teacher P6 Male 28 3 1
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Regarding the student participants, three of them were teacher P1’s students, and the
rest were teacher P6’s students. Their ages ranged from 16 to 18 years old, and 3 students

were female (see table 8).

Table 8 Significant information of student participants

Gender Age Grade Teacher Status
Student A Male 16 10 P1 Outstanding
Student B Female 16 10 P1 Outstanding
Student C Female 16 10 P1 Poor
performance
Student D Female 17 11 P6 Outstanding
Student E Male 17 11 P6 Poor
performance

4.2 Teachers’ understanding regarding IBL and its levels

The definitions of IBL

When the researcher asked a question about how they knew or heard about IBL, 2
participants mentioned that they first heard about it when they were studied at university,
4 mentioned that they first heard at the teacher training institute when they were trainees
there. Then, all participants said that they had received more information about IBL at the
selected high school. In addition, some of them mentioned that they heard about IBL more
through social medias and their co-workers. In particular, they started teaching, 3
participants had opportunity to attend the training about IBL with national lecturers, so it

made them got more understanding about it.
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When the participants were asked to give a definition of IBL, all of them mentioned
similarly that Inquiry-Based Learning (IBL) is a method that allowed students to be active
in finding answers of what they are curious about or asked by their teachers. In this method,
students are encouraged to use their critical thinking to discover knowledge by themselves
through thinking, planning, creating. According to Teacher P1, “It is a methodology that is
applied with students and make students active in their studies. When a teacher uses IBL,
students start to think, participate... to be a part of the student-centered approach. IBL
requires students to test or confirm any theory in Physics phenomena.” It was similar to
Teach P3’s mention that inquiry-based learning is a study that tended to be the student-
centered approach. It referred to a study that focused on main points brought by students,
and the students played the role to do activities. Moreover, three teachers said that Inquiry—
Based Learning refers to asking questions, and students take responsibility to find the

answers of the questions from various sources or experiments.

The levels of IBL

Regarding the level of IBL, the responses were slightly different from each other.
Four of the teachers were confident of showing their knowledge of the level of IBL. They
said that IBL has four levels. In this case, two teachers mentioned levels of IBL ranging
from 0 to 3, and a teacher thought that IBL ranked from level 1 to 4. Regarding the last
teacher, he was not sure about that but he said it depended on students’ activities. In
addition, a teachers admitted that he did not know about the levels of IBL. In table 9, it

shows the information that all participants knew about the level of IBL.
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Table 9 Teachers' understanding about the levels of IBL

Teaching She/He mentioned  The levels of IBL

experience that IBL has... range from...
Teacher P1 5 years 4 levels 0to3
Teacher P2 3 years 4 levels 0to3
Teacher P3 3 years 4 levels lto4
Teacher P4 2 years 4 levels Not sure
Teacher P5 1 year 3 levels Easy to difficult
Teacher P6 3 years Not sure Not sure

According to the table, Teacher P1 and P2 mentioned the same that IBL has four
levels ranging from level 0 to level 3. They said that for each level of IBL, it is considered
based on students’ activities. For level 0, students just follow the activities that a teacher
assigns. The teacher provides key questions, processes, or conclusions, whereas the
students just read and tried to understand what the teacher has assigned for them. In this
case, Teacher P2 expressed that level 0 cannot be considered IBL because all activities are

teacher’s activities.

Regarding level 1, Teacher Plsaid the teacher provides the process to the students.
However, the students themselves explain the data of the experiments and make
conclusions or inferences with reasonable proof. According to Teacher P2, it was related
to inquiry questions. Most activities are starting with the teacher and students least

participate.

For level 2, Teacher P1 mentioned that the teacher just provides a key inquiry
question to the students, but students make the process, plan the experiment, measure,

conclude, confirm or verify any theory by themselves. Teacher P2 said that there are some
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students’ activities. The teacher just facilitates students with inquiry questions and planning

and students find the answer and make conclusions.

For level 3, according to Teacher P1, the students do research, observe the
phenomena. Then, they create problems, an inquiry question, and hypotheses. After that,
they test the hypotheses, and make conclusions. In order words, this level reaches the
scientific method. In this level, Teacher P2 argued that all activities are from students. The

teacher just helps a little bit.

Regarding what Teach P3 mentioned about the levels of IBL, it was slightly different
from Teacher P1 and P2’s mentions. Teacher P3 He said that IBL has 4 levels ranging from
level 1 to level 4. He said that level 1 is the easiest. It is called confirm inquiry, and it tends
to be teacher-centered, which means that a teacher asked questions, students answer the
questions. For level 2, which is structure inquiry, the teacher just provided questions to
students, and students do research, analyze, and made a conclusion. In another level, which
is guided inquiry, the teacher proposes a more extensive topic to the students, and the
students do research, did experiments. For the last level, which is open true inquiry, it is
like a thesis. Open-true means that students are able to learn, collect information, design
content knowledge, do reflection, and made presentations by themselves. He included that
important steps in IBL are (1): inquiry questions, (2): finding relevant information, and (3):

sharing.

Regarding Teacher P4, he said that there are four levels. However, he did not
remember the names of them. Anyway, he mentioned the levels depend on students’

activities. If students have more activities like creating questions, it will be a high level.

Teacher P35 said that was not sure about levels of IBL. He said IBL has 3 levels based

on what he had known. The three levels of IBL are easy, medium, and difficult. Regarding
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the easy level, for example, a teacher provides questions and students just find the answer.
They do not need to experiment. For the medium level, the student need to conduct a little
experiment to support or answer a proposed question. The third one is the difficulty level,
which is like the scientific method. It has to follow step by step, and it should have an

experiment, materials specifically.

Regarding Teacher P6, he admitted that he did not know about it whether he forgot

or the high school had not provided this information to him.

4.3 How Physics teachers apply IBL in classrooms

The result showed that all the participants said the same about the process of using
IBL, which was starting inquiry questions introduction. In this step, the participants
explained how to introduce an inquiry question indifferently based on their experience.
Four of them raised the process of using IBL in experiments. A teacher shared the
experience of using IBL in the online learning context, and another participant admitted he

hardly ever used it.

Introducing Problems Formulating Hypotheses Experimentin
g g Hyp — ’—>‘ p it}

Testing Hypotheses

Sharing Results | L. searching for answers

Figure 3 IBL process in classrooms

To characterize the teacher’s approach to IBL using the IBL levels in figure 3, the
data was collected for each of the abilities required: Problem/Question (Introducing the
problems, Formulating the Hypothesis), Procedure/Method (Testing hypotheses, or

experiments, or finding answers), and Solution (Results, Sharing). Teacher responses are
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summarized in table 10, which is based on table 6 (Grady, 2010). The teachers’ answers

are summarized for each ability.

Table 10 Summary of teachers’ answers, based on the table 6 (Grady, 2010)

Level of scientific reasoning tasks
Least complex = Most complex

Pre-inquiry Developing Proficient Exemplary
Inquiry Inquiry Inquiry

1. PROBLEM: Introduce the problem
| dentify questions and concepts that guide scientific investigations.

Teacher levels P4, P5, P6 N/A P1, P2, P3 N/A

2. PROBLEM: Formulate Hypothesis
I dentify guestions and concepts that guide scientific investigations.

Teacher levels P6 P2, P3, P4, P5 Pl N/A

3. PROCEDURE: Testing hypotheses, or experiments, or finding answers
Designing and conducting the research investigation.

Teacher levels P4, P6 P5 P1, P2, P3 N/A

4. SOLUTION: Results
Formulate and revise scientific explanations and models using logic and

evidence.
Teacher levels N/A N/A P1, P2, P3, P4, N/A
P5, P6
5. SOLUTION: Recognize and analyze alternative explanations and models.
Teacher levels N/A N/A P1, P2, P3, P4, N/A
P5, P6
6. SOLUTION: Communicate and defend a scientific argument.
Teacher levels N/A N/A P1, P2, P3, P4, N/A
P5, P6

Table 11 Teacher Levels of inquiry, based on the data (adapted from (Fay & Bretz,
2008)). Abbreviations: P# teacher number; p+ partial student construction with little

teacher input; p- partial student creation with teacher input.
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Table 11 Teacher levels of inquiry

Level: Problem/Question Procedure/Method Solution
Teachers
Level 0: Provided to students Provided to students Provided to students
) P4, P5, P6 P4, P5, P6 N/A
Level 1: Provided to students Provided to students Constructed by students
velts P1, P2, P3, P4, PS5, P6 P1, P2, P3, P4, PS5, P6 P1, P2, P3, P4, PS5, P6
Provided to students Constructed by students  Constructed by students
Level 2: P1, P2, P3, P4, P5 P2, P4 P1, P2, P3, P4, P5
Partial P1p+, P3p+, P5p-
Constructed by students Constructed by students ~ Constructed by students
Level 3: Partial P1p+*, P2p-, P3p- Partial P1p+, P2, P3p+ P1, P2, P3

*Confirmed by student

Introducing the problems

According to Teacher P1, he asked relevant questions to students before entering the
inquiry question. He facilitated students to understand the questions one by one, and then
he helped students create an inquiry question. In this case, Teacher P3 asked inquiry
questions about the topic and mentioned Flipped Classroom that he posted materials or
documents for students to read or watch before starting the class. He described the process
of using IBL shortly. Regarding Teacher P5, he introduced a problem to students. He called
phenomenon introduction. Then, it was inquiry questions. Teacher P4 described shortly

that the first step of IBL is objective, and inquiry questions come after.

Regarding Teacher P2, she raised an example of the process of using IBL in her
classroom in the online context. First of all, she provided a picture of a resistor to students.
Then she proposed questions to students about what the picture was and how to read color

codes.

Formulating hypotheses

In this part, three participants mentioned hypotheses formulation after inquiry

questions. With hypotheses, the teachers helped facilitate students to create them, as said
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by Teacher P1, “To make hypotheses, students have to think of three elements: dependent
clause, independent clause, and hypotheses. I help them to evaluate their hypotheses based
on the above components. The best hypothesis contained three conditions: If, Then, and

Because. In a hypothesis, three elements and three conditions came together.”

Testing hypotheses, or experiments, or finding answers

In this step, students work in groups in order to test their created hypotheses or find
the answers. According to Teacher P1, P3, P4, and PS5, the process of this activity starts
with conducting experiments. Teacher P1 said that, “In this step, I ask students to design
the plan of the experiment by drawing diagrams based on their perceptions in each group.
I rarely provide any plans for the experiments to the students. For level 1, I provide the
process of the experiments to them. For level 2, I let them think based on their perception
and understanding because some experiments can conduct in different ways, but they

release the same result. In this case, I as just facilitator only.”

According to Teacher P2, she did not mentioned experiment process, but she raised
the way she used with students for finding answers. She wanted students to think and
discuss in groups before starting the class. The students found the answer through the

internet, books, etc.

Results

After experiments, students discuss with their groups about results collected, make
analysis and how to report them. According to Teacher P1, “a result can release as
qualitative or quantitative based on the objective of the topic. If the data receive was
quantitative, students write it down into the chat in the worksheet. If there are some

calculations, they are required to do. Then the students analyze the result, and they draw
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diagrams or graphics if possible.” It is similar to the mentions of Teacher P2, P3, P4, and

P5 that students take more activities with the result they collected.

Sharing

All teachers mentioned the same that students have to share their findings whether
their answers respond to the inquiry questions or not. . In this step, Teacher P1 said that
students compare the results with their hypothesis. Then team leaders present the results
and share them with classmates. He asks students to check whether the result responded to
their hypothesis or not. He also included, “I can spread STEM, which is related to real-life
application. In some cases, I assign projects for students asking them to find theory

applications from their studies in their real life.”

4.4 Teacher and students’ roles in IBL

The result showed that all teachers were responsible for providing documents,
problems, questions, instruction, and facilitations. Teacher P4 added, “My roles in IBL
depend on the level of it. For the first start, I initiate activities, including the experiment
process. | have made an example for students, and then I have motivated them to do it by

themselves.”

Regarding students’ roles, they followed teachers’ guidance to find answers and
were more active in IBL. According to Teacher P1, students do activities to find answers
and knowledge by themselves. That might be a support from Teacher P3, stated that,
“Student take more activities, tending to reach a student-centered approach. They are so

busy in their studies in IBL.”

What the teachers mentioned was consistent with the responses from student

participants. According to Student A, which is Teacher P1’s student, he said that his teacher
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facilitated with group settings, hypothesis formulation, experiments, worksheet, and other
problems. He also added, “Teacher’s activities and students’ activities remain the same.
The teachers has made an example for students, and the students have just followed him. I

think that students should have more actions.”

4.5 Positive outcomes students obtain after learning through IBL

4.5.1 In the process of IBL

Responses from the teachers

In this finding which is related to the third research question, the researcher used
online interview to collect data. The responses from the teacher remained the same that
students had developments in Physics content knowledge, participation, working as groups,
and research. Teacher P2 felt surprised with some answers that were better than her
prepared answer. The students were good at doing research on the internet to find the
answer. Moreover, Teacher P3 included, “Students learned to do research using technology
in connection to STEM Education.” In addition, Teacher P5 expressed students’ interest in
learning through IBL. He said that students felt happy because they had discussed,

exchanged ideas, played roles, and participated actively.

Regarding basic science process skills, students’ improvement on both basic
knowledge skills and advanced differed from a teacher to another teacher. Two teachers
said that students were good at observation and measurement. According to Teacher P2,
P3, P4, and P5, students’ abilities of observation, measurement, and using tools depend on

their frequency of doing them, levels of lessons, and their basic knowledge and foundation.

Moreover, students also have improvements on creating hypotheses, drawing a
conclusion, and providing feedback, according to all responses. Teach P1 added, “Most

students developed faster, whereas only a few students still had some problems with these
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skills.” Teacher P4 and P5 argued that student’s ability to make conclusions depend on

their levels of knowledge and topics.

Regarding advanced science process skills (or integrated science process skills), all
responses from the participant’s mentioned similarly that students are not good at drawing
diagrams and explaining the diagrams or charts. Only clever, students can do it, said
Teacher P3, and it work best for high grade students, added Teacher P5. Moreover, all

teachers mentioned that students tend to use inductive rather than deductive reasoning.

Responses from the students

The students’ responses showed that all students had more understanding of content
knowledge, and they tended to like learning Physics. However, outstanding students had
more improvements in basic science skills and advanced science skills. Four Students
mentioned their improvements on teamwork and communication. According to Student A,
students increase their curiosities through inquiry. When they start to find their answers,
they will have more understanding the lessons rather than repeating word by word. Student

B, C and D mentioned that they have confidents when doing experiments.

Regarding basic science skills, which are observing, measurements, and forming
hypotheses, most students said that they could do observing. However, three of the students
mentioned errors about measurements, as Students D said, “...because the inaccuracy of
measurement might occur in the experiments.” Student A and D thought that they could

form hypotheses; however, the others did not think that they could perform well with it.

Regarding advanced science skills, the researchers received two response from all
students that they could draw diagrams and explaining them. For other students, like student
A, he did not express his ability to draw and explain diagrams due to leaning online. It is

similar to Student C’s mention, there were not many activities in the worksheets. According
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to student E, he could not do them unless there was some explanation from the teacher. In
addition, the students describes their ways of solving Physics problems in a form of

deductive reasoning.

4.5.2 After the process of IBL

In this finding which is related to the third research question, the researcher used
online interview to collect data. The result showed that students had developments and
improvements after being taught through IBL. All teacher participants said that students
developed their Physics content knowledge, research skills, and teamwork. In addition,
Teacher P2 added that students increase their thinking, and they had responsibility,
independence, and confidence. It is similar to what Teacher P3 mentioned, students’
development like decision and confidence. He also included that students can connect the
lesson to real-life applications. For example, students learn Thermal Expansion of Solids
when heated. Then, they observe an application of thermal expansion showing that a
sufficient amount of gap is provided between railways track joined by plates to avoid
bending and causing fatal accidents. According to Teacher P4, students also develop their
skills of using experiment tools, and Teacher P5 included that students improve their ICT

skills.

Responses from students

The researcher asked the students about their improvements after learning through
experiments or IBL. The result showed that students remembered the lessons more clearly
when they had learned them through experiments. Three responses, to the question were
that they gained new knowledge and start liking physics the most. One student mentioned
that he felt satisfied with working as a group and taking the role of a team leader. It was

because he could share his knowledge with the team and learn from the team as well.
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Similarly, Student B, C, D and E, mentioned about the importance of teamwork that help
them in leaning with experiments. Moreover, all students mentioned about their increasing

researching habits, and one of two of them had explored more in real-life applications.

4.6 Positive outcomes teachers obtain after using IBL

4.6.1 In the process of IBL

In this finding, all participants had improved in student management, mastered the
content lessons, and had leadership skills. According to Teacher Pland P3, their teaching
techniques were interesting from his students, especially when they had videos,
simulations, or exact experiments. Moreover, teachers increase their research habits, as said
by Teacher P2, “If the teacher do not provide students with appropriate responses, they will
have no more trust in their teacher. So, the teacher must find the answer before students
and read documents and sources as much as possible.” This seems to be supported by
Teacher P5 and P3, stated that they changed from teaching styles without experiments to

well-prepared teachers with experiments.

4.6.2 After the process of IBL

The result showed that all teachers mentioned their improvements and developments
in different aspects. There were five teacher who said that they had improvement on content
knowledge, four of them gained research skills, and two participants mentioned technology
and ICT improvements. Moreover, Teacher P1 implied that his workplace is one of the

factors that had helped him use IBL.

Regarding motivation, some of them mentioned support from student guardians. The
parents follow up with students, and they admire teachers when the students improve their
studies. The teachers also receive motivation from the school principals through Profession

Learning Community (PLC).
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4.7 Teachers’ challenges in the process of IBL in classrooms

4.7.1 Before the process of IBL

Challenges

The result showed that all participants had similar issues with experiment tools.
According to Teacher P1, “I have problems with some topics of experiments. Of course,
they are interesting, but they are hard in writing worksheets!”” Here were the topics that
were to write worksheet: The Second Law of Newton (difficult to collect the data), Friction
forces (difficult to calculate a coefficient of friction), Projectile motion (difficult to define
initial velocities), Free fall (high incorrect data rates), and The First Law of
Thermodynamics (difficult to measure energy). This seems to be supported by Teacher
P3and P4 who said that some topics are extensive. Similarly, Teacher P2 included, “some
materials cannot find in the school.” For example, time trackers, rough boards, air-pump
machines, black ink, etc. as mentioned by Teacher P1. In addition, forming inquiry
questions is another issue. The response from Teacher P6 was that felt worried that his
questions did not support his lesson objectives. This is not much different from Teacher

P5’s mention, which is a problem with problem introduction of students.

Solutions

To deal with topics of experiments, some teachers have to do more research included
the experiment process and tools. They need helps from other teachers or technical teams
on how to write it, to make students be able to do it, to write its lesson plans, and to prepare
activities for teaching. Regarding shortage of Experiment tools, they used Phet Simulation
software instead. They even make request of supporting teaching materials to the school or

stakeholders.
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4.7.2 In the process of IBL

Challenges

The result showed that the some of the participants had similar issues with experiment
failure and student management. According to Teacher P4 and P6, one was that the
experiments did not work when students had been practicing. Two teachers mentioned the
cut-off electricity when experiment process. Moreover, four teachers complained that they
had problem with student management. Teach P1 said, “Some students play with
experiment tools and do not focus on experiments.” Teacher P3 added, “There are so many
students in the classroom...I find hard to control them.” Time constraint is also a problem

that was raised by three participants.

Solutions

To deal with naughty students, two teachers mentioned the same that they came closer
to those students and approach them. Regarding experiment failures, they approached the
students and facilitated them. Talking about time constraints, the responses from

participants were to teach experiment lessons with 2 hour allowed time.

4.7.3 After the process of IBL

Challenges

The result showed that the participants had issues differently from each other. Some
teachers even said they did not have any problems at this stage. According to Teacher P1,
he said that sometimes he could not receive the experiment report from all students because
some groups had failed to experiment. It had affected his feedback and reflection. Teacher
P2 added that sometimes she received error data after the experiment. Moreover, two
teachers mentioned about broken experiment tools by students after the experiments.

Teacher P6 admitted that he had problems with test design, similar to Teacher P1, stated
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that he had problem of the IBL techniques like asking questions after the experiment. When

he had asked deep questions, the students could not answer them.

Solutions

To deal with experiment report and incorrect data, the teachers had to think and check
again. They also discussed with their co-workers about the problem. Similarly, the solution
to test design and questioning techniques was that the teachers needed enough time to create

them and recheck the questions.

Regarding the safety of the experiment, the teachers recommended students be
careful with experiments. For example, Teacher P1 asked students to wear gloves or use

fabric and set roles clearly during the experimental procedure.

4.8 Students’ challenges in the process of IBL in classrooms

4.8.1 In the process

Challenges

The result showed that outstanding students had similar problems: lack of teamwork
collaboration and time management. Regarding poor-performance students, they seemed
not to have any concerns. According student A, B and D, Some members were not inactive,
and some students had not collaborated in the group. Student A explained the time
management issues. He said that in 45 minutes of learning for a class, he had had around
20 to 30 minutes to start experiments after the teacher’s explanation. Moreover, some
discussions in the group would take more time. This problem had made his team rush to
write a report about the experiment. Student B also said that she was scared of experiments
with electricity. Two students mentioned that they had problem with hypothesis

formulation.
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Solutions

Student A, B and D seems to have the same idea that they dealt with lack of
participation problem by motivating their members to collaborate. According to Student A,
“I explain the importance of teamwork to them and encouraged them to speak up. I explain
more if they don’t understand any part. If they don’t share ideas, I don’t know whether they

understand or not. If they participate with the groups, I can help them.”

Regarding time constraints, what the students can do with this is to be ready with
experiment without delaying time. Based on what Student A mentioned, after receiving a
task from the teacher, he had suddenly met his members and assigned roles for them. To
be on time, he has asked the members to write their ideas on paper and show them all

together. Then he had allowed them to explain ideas, and the group had discussed the ideas.

To deal with formulating hypotheses, Student B said that she needed to understand
the relation variables through teaching explanation so that she could make them. Another
solution, she could take time to research. According to Student A, he had asked the team

leader to change his role. He had become a note-taker instead.

4.8.2 After the process
In this finding, which is related to the fourth research question, the researcher used
the online interview to collect data. The result showed that students seemed not to have any

problems unless they did not understand the lesson or homework.

4.9 Teachers’ perceptions of IBL in Physics course

The result showed that the participants had positive thinking about IBL. Based on
Teacher P1’s perception, Inquiry-based learning is an effective method in constructivist
teaching and learning, as he said, “IBL fosters Students to be active and develop their

knowledge of Physics phenomena deeply. They remember the Physics formula and explore
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physics phenomena.” He also included, “Students want to research and create projects to
solve problems in their society. They also start to use their critical thinking about Physics'
real-life applications.” This means that IBL encourages students to use their knowledge and

apply it in their real-life application and solving problems that happen in their society.

Moreover, according to Teacher P3, Cambodia will be like Singapore if teachers can
apply IBL in the classrooms. Students’ learning in IBL is the student-centered approach.
They learn to have a responsibility, research and making a decision. It is really good
method. In addition, Teacher P5 expressed that IBL is good for students to improve their
abilities in learning. Moreover, it changes from the traditional method to learn finding
answers, test experiments and verify what teachers have just said by students. Teacher P6
seemed to agree with that as he mentioned, “IBL is significant to student learning, and it is

good among other teaching methods. It is a method of collaboration learning.”

Through IBL, teachers improve and extend their knowledge through research,
thinking, and analysis. It works not only with teachers but also with students for
development and improvement. Two participants showed enthusiasm about IBL as Teacher
P2 said, “Teachers themselves develop their ability and knowledge. They gain more

flexibility, intelligence, and critical thinking.”

Interestingly, According to IBL, students are motivated and oriented at science,
engineering, or artificial intelligence. Before they study at universities, they have already
had basic skills like teamwork, research, and doing the assignment, based on Teacher P1’s

mention.

Lesson suitability with IBL

All participants mentioned the same that IBL is really suitable to be used in upper-

secondary classrooms. Regarding physics lessons that teachers can teach using IBL,
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Teacher P1 said IBL can be for all topics. But, experiment topics, finding formulas and
principles, and theory confirmations were the best for students to learn through IBL.
Teacher P3 included, “IBL is quite suitable to be used in Physics at the upper secondary
level, especially for Electricity and Thermodynamics parts. The reason is that it is easier to
conduct experiments than other parts like Waves and Mechanics.” Other teacher also
supported that IBL worked best with experiment lessons. However, Teacher P2 claimed
that not experiment topics in Physics must use IBL all the time. The teacher can use other
methods with lessons regarding content knowledge. It depends on teachers’ flexibilities to

crate inquiry questions and how to encourage students to be able to answer the questions.

In addition, all teachers seems to be willing to share this method to other teachers
because it made students interested in this course, and they could use their knowledge in
their real-life applications. The teachers themselves will be clear with this method when
sharing. Teacher P1 also motivated Cambodian teachers to use IBL in their teaching as
much as possible. He said that all teachers get trained at the same teacher training institute;
therefore, they have received the same teaching methodologies. It is significant for

education and developing human resources in our country.

Suggestions

The following are some suggestions that were raised by teacher participants:

- School principals and the Ministry of Education should focus their attention on
the IBL method by providing enough teaching materials, finding supporting
partners on teaching methodologies, and teaching material management so that
science teachers can use IBL effectively.

- The schools' principals should motivate teachers to use IBL as much as possible.

- Schools should have classrooms for various subjects like physics classrooms.
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- There should be enough school amenities teaching aids, and experimental tools.

- Teachers should follow the steps IBL so that students can develop knowledge
by themselves. They learn to research a lot, whereas teachers just guide them
only.

- Teachers should have extensive knowledge and experience before using IBL.
They try to use IBL as much as possible. When they apply IBL in their teaching,
it will not make them bored with their subjects, and they can develop the
knowledge more widely. Also, their students will be happy to study, explore,
and research various phenomena.

- Teachers should learn and research about IBL. Then they share experiences to

extend the concept of IBL extensively for developing education.

4.10 Students’ perceptions of IBL in Physics course

The result showed that all students were satisfied with learning through experiments
in the IBL context. From this action, they remembered and gained more understanding
about Physics and encouraged them to like learning Physics course. According to Student
A, students can study as groups. They can discuss, collaborate, and exchange ideas.
Moreover, students can learn, find answers, and research by themselves. They get various
information from many sources, and the information was significant for developing inquiry
skills. Student D included, “learning experiments is good because students can have
questions to teachers, and the teacher know how well students understand lessons.
Moreover, I can practice experiments, writing reports, and feedback. This help me

understand the process clearly”.

However, there are some negative effects if using IBL. According to Student A, he
focused on teamwork. Each member have different ideas. The disagreement might occur
in the team.
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Suggestions
The following are some suggestions that were raised by student participants:

- All students should participate in teams when the teacher assigns any tasks.
Their participation with ideas or activities can help them develop and improve
their studies and knowledge. Sharing ideas and discussion could make the
teamwork active.

- Students must pay attention and take notes of what teachers have explained.

The next chapter, chapter 5, will present discussion between the result obtained and

the literature review in this study.
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CHAPTER 5: DISCUSSION

This chapter, discusses the summary of the major findings from the interviews as
presented in Chapter 4 against the research questions, particularly looking at teachers’
understanding regarding the levels of IBL, how Physics teachers apply IBL in classrooms,
positive outcomes teachers and students obtain through IBL, challenges that teachers and
students meet regarding the use of IBL, and teachers and students’ perceptions regarding

the use of IBL approach. The discussion is taken through literature review.

5.1 Teachers’ understanding regarding IBL and its levels

The result showed that all teachers mentioned similarly that Inquiry-based Learning
(IBL) was a method that allowed students to be active in finding answers of what they were
curious about or asked by their teachers. The students were encouraged to use their critical
thinking to discover knowledge by themselves through thinking, planning, creating.
Similarly, Hussain et al. (2011) stated that inquiry enables students to conduct observations,
come up with questions, examine instructional materials and other sources of information.
Moreover, they use tools to collect, analyze, interpret data, propose answers, explain, make
predictions, and discuss the results. Other researchers (Fernandez, 2017; Jong & Joolingen,
1998; Keselman, 2003; Margus Pedaste et al., 2012) also mentioned IBL in similar ways
that students play an active part in the process of knowledge construction, and they works

as professional scientists to discover new knowledge.

However, regarding the level of IBL, the responses were slightly different from each
other. Four of them were confident of showing their knowledge of the level of IBL. They
said that IBL had four levels. In this case, two teachers mentioned levels of IBL ranging
from 0 to 3, and a teacher thought that IBL ranked from level 1 to 4. Regarding the last

teacher, he was not sure about that but he said it depended on students’ activities.
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According to Banchi and Bell (2008) and Tafoya, W.Sunal, and Knecht (1980), The

inquiry-based learning has four levels as shown in the table below:

Table 12 Levels of inquiry on teacher agency and learner autonomy (Tafoya, Sunal, et al., 1980)

Level 1 Level 2 Level 3 Level 4
Confirmation Structured Guided Open/True
Inquiry Inquiry Inquiry Inquiry
Problem Teacher-led Teacher-led Teacher-led Student-initiated
Procedure Teacher-led Teacher-led Student-initiated Student-initiated

Solution Teacher-led Student-initiated  Student-initiated Student-initiated

Regarding the responses from the four teachers who explained the four levels of IBL,
they match with what the previous researchers stated above. This means that those teachers
understood the concept of inquiry-based learning clearly. However, two of them said that
IBL ranked from level 0 to level 3. This is a difference in identifying the levels of IBL
where Tafoya, W.Sunal, et al. (1980) and Banchi and Bell (2008) mentioned. In the
Cambodian context, teacher training institutes depends on Fay and Bretz (2008) (see table
13) to identify the lowest level of IBL as level 0, whereas the highest level was level 3
(MoEYS, 2018b). Therefore, there is no doubt that teachers who were trained from
Cambodian teacher training institutes said about levels of IBL ranking from 0 to 3 unless

they had researched more about that from foreign documents.
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Table 13 Levels of inquiry rubric (Fay & Bretz, 2008)

Level Problem/Question Procedure/Method Solution
0 Provided to students Provided to students Provided to students
1 Provided to students Provided to students Provided to students
2 Provided to students Constructed by Constructed by
students students
3 Constructed by students Constructed by Constructed by
students students

Another teacher unsurely said that IBL had three levels, ranging from easy to
difficult. He has one year of teaching experience. Moreover, when he was trained at the
teacher training institute, the Covid-19 outbreak happened. All schools in Cambodia were
closed, and he said that he had not known much about IBL. The last teacher did not know
about the level of IBL because he had not paid much attention when he was at the teacher
training institute. Moreover, he had hardly ever used it in his three-year teaching

experience.

5.2 How Physics teachers apply IBL in classrooms

All Physics teachers said the same about the process of using IBL, which was starting
inquiry questions introduction. In this step, the teachers explained how to introduce an
inquiry question indifferently based on their experience. Four of them raised the process of
using IBL in experiments. A teacher shared the experience of using IBL in the online

learning context, and another participant admitted he had hardly ever used it.

The finding showed a difference from Tandon and Fukao (2015) and Pich (2017),
saying that Cambodian teacher trainers mostly use a teacher-centered teaching approach

instead of a student-centered teaching approach, and they fail to teach meaningful content
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mastery. Perhaps their finding focused on teacher trainers of social science subjects or
teachers of English, and the teacher trainers did not apply inquiry-based learning in

classrooms very often.

Regarding the teachers who described how they applied IBL in experiments, a teacher
with the most teaching experience explained clearly from the first step to the end. He started
with proposed relevant questions to students so that they could make an inquiry question.
Then he helped students to create hypotheses by thinking of three elements of good
hypotheses: If, Then, and Because. After that, he facilitated students with the experiment
process, after the process (result and analysis), and conclusion with sharing at the end. This
process was similar to other findings from many researchers. According to Friedler et al.
(1990), Veermans (2002), M. Pedaste and Sarapuu (2006), and Mieots et al. (2008),
scientific inquiry processes are not far different, starting from problem identification,
research question formulation, hypothesis formulation, experiment planning, carrying out
an experiment, analysis, and interpretation of results, drawing conclusions, and presenting

the findings.

Talking about a female teacher who had applied IBL in her online classes, she had
not used it with experiments. In contrast, she described her IBL teaching like constructing
knowledge in social science subjects. She started with providing problems to students,
including relevant and inquiry questions. Then the students worked in groups to find
answers as the responses to those questions. After that, they shared what they had found
with the class, and the teacher just facilitated students and corrected students’ mistakes
when they found wrong answers. According to Hampshire College, McMaster University
in Canada, They have been teaching inquiry for over 20 years. They teach students to be
self-directed learners and have more responsibility for determining what they need to learn,
identifying resources and how best to learn from them, using resources and reporting their
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learning, and assessing their progress in learning (McMaster University, 2007 as cited in

(Spronken-Smith, 2012)).

5.3 Teachers and students’ roles in IBL

In inquiry learning, teachers were responsible for providing documents, problems,
questions, instruction, and facilitations. Regarding students, they followed teachers’
guidance to find answers, discover knowledge, and take more activities than the teachers.
In Inquiry-based learning (MoEYS, 2018b; The Teacher Training Department of the
Ministry of Education, 2016), students are motivated to work with their peers or classmates
in the process of knowledge discovery rather than being told directly by the teachers.
Teachers’ roles in IBL were not to provide knowledge to students. Instead, they help
facilitate students finding answers and knowledge the students themselves. According to
Fernandez (2017), students who learn through inquiry take an active part in finding and
constructing knowledge. Moreover, Jong and Joolingen (1998) said that learners

participated actively with responsibilities for discovering new knowledge in IBL.

5.4 Positive outcomes students obtain after learning through IBL

5.4.1 In the process of IBL

In this finding, the result from the teachers showed that students had developments
in Physics content knowledge, participation, working as groups, and research. The student
participants said that they had more understanding of content knowledge, and they tended
to like learning Physics. It is consistent with the finding of Rocard et al. (2007) that IBL
gives students opportunities to develop a wide range of complementary skills such as group
work, writing in verbal expression, the experience of open-ended problem-solving, and
other cross-disciplinary abilities. Moreover, Walker (2015) also stated that IBL helps
students understand and remember content knowledge of science better, and they find math

and science subjects more interesting and exciting (Dorier & Maal3, 2012).
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Regarding students’ improvement on both basic science process skills and advanced
differed from a teacher to another teacher. Some teachers said that students had basic
science-skill improvements like observation, measurement, creating hypotheses, drawing
conclusions, and providing feedback. However, other teachers argued that the correctness
of those abilities depended on the level of content knowledge and students’ competencies.
It was similar to the responses from the students. They described their basic process skills
in science reasonably with status. According to Karamustafaoglu (2011), “basic science
process skills are observing, classifying, measuring, and predicting. These skills provide
the intellectual groundwork in scientific inquiry, such as the ability to order and describe

natural objects and events.”

In the finding of students' advanced science skills, their teachers said that most
students were not good at those skills like drawing diagrams and explaining them.
However, they could formulate hypotheses and did experiments acceptably. According to
Karamustafaoglu (2011), integrated Science Process Skills include identifying and defining
variables, collecting and transforming data, constructing tables of data and graphs,
describing relationships between variables, interpreting data, manipulating materials,
recording data, formulating hypotheses, designing investigations, drawing conclusions, and
generalizing. These abilities are the terminal skills for solving problems or doing science

experiments.

5.4.2 After the process of IBL

After students attend IBL classes, the responses from the teachers were that students
develop content knowledge, research skills, and teamwork. They increase their thinking,
responsibility, independence, confidence, and making a decision. Moreover, students can
connect the lesson to real-life applications and develop their skills of using experiment tools
and technologies. According to students themselves, they remember lessons more clearly
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when they learn them through experiments. They gain new knowledge and start liking
physics. Moreover, students understand the importance of teamwork and improve
leadership skills. In particular, students increase their researching habits and explore more

real-life applications.

Inquiry-based learning helps students promote critical thinking skills and the
development of key competencies (Hattie, 2009). Rocard et al. (2007) found that the IBL
approach may be an effective way to grow students’ self-confidence and participation in
scientific activities. The same researcher also stated that IBL gives students opportunities
to develop a wide range of complementary skills such as group work, writing in verbal
expression, the experience of open-ended problem-solving, and other cross-disciplinary
abilities. Dorier and Maall (2012) included that IBL affects students’ willingness to
continue studying scientific disciplines and getting involved in scientific careers. Other
researchers seems to support with this finding, like Rakow (1986) and Walker (2015).
Inquiry learning helps students understand how scientists generate knowledge and how the
current scientific knowledge is developed and produced. Students will create a more

balanced and realistic perception of science, its nature, and its way to create and develop.

5.5 Positive outcomes teachers obtain after using IBL

5.5.1 In the process of IBL

IBL improves not only students’ knowledge, skills, and attitude but also their
teachers. Through IBL, teachers improve in student management, master the content
lessons, and have leadership skills. Moreover, they can draw students’ attention and
attraction from their teaching techniques. When they have videos, simulations, or exact
experiments, students are interested in those activities. In addition, IBL fosters teachers to

increase their research habits.
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Melusova and Sunderlik (n.d.) raised supporting actions for teachers about the
principles of IBL pedagogies. These include direct supporting instructions (insight,
motivation, and encouragement) and indirect supporting instructions (supportive groups)
to teachers. The finding seems to agree with Melugovéa and Sunderlik (n.d.) based on some
reasons raised by a participant mentioning Professional Learning Community (PLC) as

motivation they received.

5.5.2 After the process of IBL
The finding showed that all teachers mentioned their improvements and
developments in different aspects. Most of them had improvement on content knowledge,

and research skills. Two teachers mentioned technology and ICT improvements.

5.6 Challenges that teachers meet in the process of IBL in classrooms

5.6.1 Before the process of IBL

The result showed that, while IBL promotes benefits to students and teachers, there
are some concerns from teachers mentioning. The participants had similar issues with
limited understanding of IBL, experiment topics, experiment tools, shortage of teaching
aids or materials. According to Anderson and D. (1996), the barriers of the use of
constructive approaches in teaching include technical problems like limited teaching ability
of teachers and challenges of assessment. Rakow (1986) and Walker (2015) also found that
lack of resources and difficulty of assessment are parts of barriers teachers normally face
when applying IBL in the classrooms. In Cambodia, the limitations of significant teaching
aids such as textbooks, libraries, electricity, laboratories, teaching materials, and teacher’s
guides, reference books for teachers, tables, and school buildings are still hindering

education improvement and development (MoEYS, 2018a; Ren & Kosal, 2016).
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5.6.2 In the process of IBL

The result showed that the some of the participants had similar issues with experiment
failure, electricity cut, student management, large classes, and time limitation. It is
consistent with Lawson (2000) that common issues novice teachers face in teaching IBL.
These include lack of students’ participation in activities like participation enough in
inquiry, no care and no see the inquiry as relevant to their lives, lack of background
knowledge for inquiries, bad attitude and are disruptive, no want to think for themselves.
Moreover, Rakow (1986) and Walker (2015) also mentioned that Inquiry-based science
takes more time and some inquiry-based lessons might not work; therefore, teachers might

lose some controls in their teaching.

5.6.3 After the process of IBL

At this stage, the researcher received a few complaints from teacher participants what
they still faced after teaching IBL. These include late experiment data, inaccuracy in data
collected, broken experiment tools and materials, and assessment. In the finding conducted
by Anderson and D. (1996) also raises challenges of assessment as a part of the barriers of
the use of constructive approaches in teaching. The finding seems to be supported by
Rakow (1986), Yoon et al. (2012), and Walker (2015) that difficulty of assessment,

including problems with safety and time consuming might occur in IBL classrooms.

5.7 Challenges that students meet in IBL classrooms

The result showed that outstanding students had similar problems: lack of teamwork
collaboration, time management, hypothesis formulation, and safety. This finding is
consistent with statements from many researchers. Lawson (2000) states that some students
do not participate enough. They do not care and see the inquiry as relevant to their lives.
Rakow (1986) and Walker (2015) include that there will be a need for enough time if
teachers wish to use IBL in classrooms. Moreover, some activities in IBL might not be safe
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for students, like experiments with electricity. Teachers must be careful and make sure they
provide instruction clearly before experiments. The same researchers also mention that
only ability students can learn through inquiry. Lawson (2000) added that some students
lack of background knowledge for inquiries. Therefore, it requires resistance of both

teachers and students to run inquiry classrooms in process.

5.8 Student and teachers’ perceptions of IBL in Physics course

The result showed that the participants had positive thinking about IBL. Inquiry-
based learning is an effective student-centered method in constructivist teaching and
learning. Students learn to have a responsibility, group work, research, discussion, and
making a decision. It changes from the traditional method to finding answers, test
experiments, and verify what teachers have just said by students. It is similar to a mention
by Mathematics (2016). Inquiry-based learning helps students learn by participating in
activities that reinforce physics concepts. It works by showing students with authentic
questions, observations rather than showing concepts taught by teachers. This process

fosters the active engagement of students, increased learning, and retention of ideas.

According to IBL, students are motivated and oriented in science, engineering, or
artificial intelligence. Before they study at universities, they have already had basic skills
like teamwork, research, and doing the assignment. This seems to support Bredenberg
(2018), the Ministry emphasizes the importance of critical thinking that makes students
need preparation for future employment. Employers need employees with analytical

thinking and decision-making as skilled and semi-skilled work.

Cambodia will be like Singapore if teachers can apply IBL in the classrooms.
Moreover, teachers improve and extend their knowledge through research, thinking, and

analysis through IBL. A suggestion from Dickinson et al. (2011), Cambodian pre-service
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teachers are required to shapes their future practice of teaching through inquiry whether

they experience in this constructive approach.

The next chapter, chapter 6, will present conclusion, limitations, and

recommendations in this study.
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CHAPTER 6: CONCLUSION, LIMITATION, AND

RECOMMENDATION

In this chapter, the researcher showed a summary of the key findings, limitations of

the study, and recommendations for stakeholders and further studies.

6.1 Conclusion

This study was conducted to search for understandings of the IBL characteristics,
which support science education and teacher-student relations. In addition, the objectives
of this study were to discover positive outcomes teachers and students obtain through IBL
and its challenges. Importantly, the researcher expected to explore teachers and students’

perceptions regarding the use of IBL approach.

The findings of this study showed that all teachers of Physics interviewed had heard
of inquiry-based learning; however, their understanding of the IBL concept depends on
their experience of teaching Physics. In other words, the teachers who had teaching
experience for many years understand more about the IBL concept. It includes the
characteristics of IBL, levels, implementation in classrooms, and roles of teachers and

students in IBL classrooms based on the literature review, which describes those relations.

Even though the teachers have an unequal understanding regarding IBL, they have a
similar understanding of IBL meaning, which focuses on students’ activities. Students have
a responsibility to find answers or construct knowledge by themselves through various
ways like reading books or documents, visiting libraries, researching on the Internet, or
conducting scientific experiments. When the students receive their answers, whether their
results respond to their inquiry questions or not, they have to share their results of findings

with their classmates or the whole class under facilitation from the teachers. It means that
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teachers are not supposed to take roles in finding answers in the inquiry-based learning
approach. They mainly facilitate, help, guide, consult, or scaffold students to construct
knowledge through finding responses to their inquiry questions. In short, the teachers try
to encourage students to have more activities, whereas the teachers themselves reduce their

actions to be the least in IBL classrooms.

According to this study, Physics teachers at the selected high school mostly applied
the IBL approach with level 1 or 2 of inquiry in case IBL ranges from Level O to 3. In other
words, they mainly used IBL with level 2 or 3 if IBL is considered from level 1 to 4. The
teachers argued that students’ activities in the first level of IBL seem to be less and follow
all teachers’ instructions. In addition, regarding the last degree of IBL, the teachers consider
it the most difficult one. Only students with high competencies reach this level. The
findings of this study pointed out that the teachers take roles to provide problem
introduction to students. Therefore, the teachers’ teaching students through IBL does not
reach the last level of IBL in which students play roles as professional scientists or

researchers.

Inquiry-based learning helps students develop their studies on Physics, behavior,
attitude, teamwork, class participation, especially basic and integrated science process
skills. Be informed that these students’ developments and improvements depend on their
degree of understanding and existing knowledge. It means that the inquiry-based learning
approach cannot make low-ability students immediately become outstanding students. It
requires enough amount of time with practice as much as possible to be familiar. In contrast,
students who already have the ability to receive new knowledge learn fast through IBL.
They quickly understand what their teachers provide and intend students to do things. IBL
impartially draw low-ability students’ attraction to Physics subject only. Regarding the
degree of in-depth understanding, later on, it depends on the students themselves whether
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they try hard to study or not with fostering, motivation, and encouragement from teachers

and parents.

IBL also benefits not only students but also the teachers themselves. This teaching
approach enables teachers to be well-prepared before teaching students. For example,
teachers must prepare in advance for teaching materials, experiment tools, worksheets, etc.,
which can be done by researching and making plans. These actions enable the teachers to
gradually change their teaching habits from teaching with only textbooks or lesson plans to
more creation and innovation, which can attract students to more participate in-class
activities. Moreover, according to this study, the teachers have developments and
improvements of ability on research skills, computer skills, and ICT skills. Learning
through inquiry truly makes both teachers and students become active researchers
regardless of ways to find answers and results, whether they respond to the inquiry

questions or not.

Even though IBL is an effective approach in teaching that helps students construct
knowledge by themselves, it is not easy for teachers to achieve their objectives through this
approach. Teachers have to spend much time researching, finding teaching materials,
experiment tools, etc. Moreover, some experiment tools are too expensive and hard to find.
Some experiments indeed exist in theories only. In reality, they might show different results
because of various reasons, like shortages of standardized experiment labs and exact
experiment materials. Importantly, some experiments can cause dangers to teachers and
students who are conducting them when they do not know how to prevent accidents in the
laboratory. When talking about students, common major concerns are teamwork and
participation. Some students are not familiar with working in teams. This issue can lead to
conflicts among members and having free-riders in the groups. Moreover, some students
neglect the role of experimental equipment in IBL. They take the equipment as their
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enjoyment, which is opposite from the objectives of experiment topics or teachers’
expectations. Therefore, teachers should have a high ability to manage students and guide

them so that teaching and learning through the IBL approach are successful.

Overall, the current study shows that all teachers express the values of inquiry-based
learning, which an approach is making high contribution to students for constructing
knowledge, especially for exploring Physics phenomena. The students become active in
their in-depth studies, understanding the correlation between variables in Physics
formulations or phenomena. The students increase their creativity, projects, or solutions to
any social issue that students notice in their real lives. Talking about students, they gain
soft skills like communication, leadership, responsibilities, collaboration, and making
decisions. These skills are beneficial for students and make them receive knowledge, skills,
and attitude that are expectations in Cambodia’s vision of a student for 2030. The students
themselves also agree that IBL helps them improve their studies in Physics, discussion, and
exchange ideas. The students are satisfied with their discoveries by themselves. Regarding
this statement, to achieve these expectations, students should understand their group
members’ varying knowledge and skill levels. Working with members who are easy to talk
to and collaborate with for one direction will help students feel unisolated and eager to do

inquiry best from the heart with pleasure.

6.2 Limitations of the study

Along with the results obtained, a few limitations of this work should be noted. This
study was conducted in a school only in Phnom Penh City, and the researcher could not
conduct this study at another school in Battambang Province due to Covid-19. Therefore,

the research results at a school could not be generalization to all schools.

73



Moreover, due to the small sample size, the researcher could only make inferences
about this sample to a population of students and teachers who were in the upper-secondary
level in the selected schools. However, it could not assume to apply toward the entire

population of all students or to Cambodian students and teachers nationwide.

As all schools in Phnom Penh were closed due to the outbreak of Covid-19 pandemic,
the researcher could not conduct the classroom observation method as the researcher had
planned at the beginning of data collection procedure. Therefore, the researcher could not

see whether the responses from the participants were consistent with their activities.

As the study employed only qualitative research design, quantitative study was still
needed for in-depth information. The researcher did not implement IBL approach by
himself on student participants. That stills makes the researcher doubtful whether the

students’ answers are consistent with experiment results or not.

6.3 Recommendation

The purpose of this study tends to seek the characteristics of IBL that lead to the
existence of activity correlation between teachers and students in the Cambodian context.
Based on the study findings, the researcher checked the results, discussed with the literature
review, and reviewed all suggestions raised by the participants. These actions are the
foundation for releasing a recommendation regarding IBL implications. All stakeholders
should consider putting them into practice, and other significant limitations that hinder the
researcher from continuing the current study further. The researcher also leaves
considerable messages for other researchers or next generations to continue solving those

1SSues.
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Teachers

Inquiry-based learning can be used for all kinds of lessons. It does not adhere to
experimental or non-experimental topics. It depends on the flexibility and creativity of
teachers in organizing students' activities lesson procedures to get into the pattern of IBL
theory and its levels. To increase confidence, teachers should try using the IBL approach
as much as possible and following the characteristics of IBL correctly. It enables both
teachers and students to try their best to explore solutions as responses to their problems.

This activity also increases their research habits.

Moreover, teachers should join Professional Learning Communities to plan claim-
evidence-reasoning activities and formative assessment. They can discuss their problems
and share experiences related to their teaching profession to help improve the teaching
ability of teachers. Importantly, teachers should have the ability to check their students’
performances, know student’s characteristics, varying background levels to support all
levels, and study results among mixed-ability students in the class. This competency can
help teachers minimize the standard deviation of students’ studies by identifying problems
or conditions that prevent inconsistency of outcomes among students in the class. Then
teachers can use scaffolding activities with a “low floor” and “high ceiling” to deal with

those issues.

Students

Inquiry-based learning works best when students enjoy learning in groups. In this
case, the students should know their members' characteristics and try understanding their
varying background levels of knowledge and living status or conditions. Moreover, each

member should be patient and do not discriminate or interrupt ideas roughly whenever
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discussing. Instead, they should cooperate and exchange ideas reasonably and friendly to

find the answer to proposed inquiry questions.

Outstanding students should learn to understand their friends who have lower
knowledge levels or slow learners, waiting and explaining lessons or tasks to them when
they are not clear. High-ability students can also motivate and encourage their friends or
members to join the groups. When they feel that they are part of the group's responsibility,
they will participate with satisfaction.

Regarding students with poor performance, they should try to listen to team leaders,
learning their experience, especially do not hesitate to ask questions. They should
remember that no one is perfect. If their ideas or actions are not successful or applicable to

the inquiry, they should not feel depressed or frustrated. Failures are the way to success.

School principals

School principals also take a significant part in promoting inquiry-based learning in
schools. This action can be seen by motivating teachers to use IBL as much as possible.
Teachers feel motivated and encouraged when they receive praise or rewards from the
school principals. Moreover, having enough teaching materials, experiment tools, and the
internet really support the possibility of IBL practice at schools. The School principals
should provide time for professional development in the PLC and time for planning. They
should also care about that by having enough budget for supporting teaching IBL and
finding more aids from various stakeholders like local non-organizations or international
organizations to help teachers with knowledge and materials. In particular, the IBL
procedure needs appropriate time to complete; therefore, it should have well-organized

schedules for teachers to teach IBL classrooms.
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The principal should also provide professional development opportunities for
teachers to learn science content through the perspectives and methods of inquiry, and in

the Table Standards for Professional Development Related to Inquiry (Council, 1996).

Table 14 Standards for professional development related to inquiry

Standards for professional development related to inquiry

Science learning experiences for teachers must:
* involve teachers in actively investigating phenomena that can be studied
scientifically, interpreting results, and making sense of findings consistent with
currently accepted scientific understanding.
* introduce teachers to scientific literature, media, and technological resources that
expand their science knowledge and their ability to access further knowledge.
* incorporate ongoing reflection on the process and outcomes of understanding
science through inquiry.
*  connect and integrate all pertinent aspects of science and science education.
*  use inquiry, reflection, interpretation of research, modeling, and guided practice

to build understanding and skill in science teaching.

Stakeholders or NGOs

Besides the above-mentioned relevant sectors, IBL needs support from Non-
government organizations (NGOs). The supports may be provided in various aspects, like
offering necessary teaching materials for IBL classrooms. Training teachers about IBL and
other teaching methods is compulsory before they start teaching exact classes. NGOs

cooperate with schools and provide vocational training to teachers or invite them to joins
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workshops related to teaching methodologies, especially inquiry-based learning. All these

actions can ensure the sustainability of IBL implementation in schools.

Researchers

This study was conducted during the outbreak of Covid-19; therefore, the researcher
could not take a real-class observation. In this meaning, the researcher recommends next-
generation researchers who wish to conduct similar topics trying to take real-class

observation to get more specific information from it.

Moreover, quantitative research should be added to this study. It means that the
researcher would recommend other researchers trying to conduct some experiments if they
have similar topic research. The researchers should teach students by themselves using the
IBL approach and then assign tests for them. Thus, the results obtained will be more
specific and reliable.

Last but not least, if possible, further study should be more extensive by conducting
similar research in more than one school. The researchers compare results received among
those schools and check whether different contexts have significant impacts on IBL

implementation or not.
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APPENDIX A

SEMI-STRUCTURED INTERVIEW PROTOCOL FOR TEACHERS

New Generation Pedagogical Research Center

Master of Education in Mentoring

My name is Mel Sereynivorth, a student of Cohort 2 of Master of Education in
Mentoring, New Generation Pedagogical Research Center. The main purpose of this
semi-structured interview is to explore Teachers’ Perceptions of Inquiry-Based Learning
Applied in Physics at Upper-secondary Level. All of participants are selected to join in
this study and they have right to stop or reject to join at any time, before or within the
interview. They will be safe whatever they answer (no threaten, fail their examination, or

lose any marks and so on). All of the data will be anonymous and kept in confidential.

I. Demographic Data

1.1 Name:
1.2  Gender:
1.3  Age:

1.4 Marital Status:

1.5 Highest level of education:

1.6  Professional training:

1.7 Professional training institute:

1.8  Subject major (s):

1.9 Teaching experience of Physics: (year)

1.10 Teaching experience of Physics at XX High School:

(year)

1.11 Teaching hour per week:
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II.

I11.

1.12 Number of class:

1.13 Grade (s):

Teachers’ understanding of IBL and implementing in Physics

2.1.

2.2.

2.3.

24.

2.5.

2.6.

Do you like teaching Physics? Why or why not?

Have you ever heard about IBL approach? If yes, where you get the
information from?

In your opinion, what does IBL mean?

Have you ever heard about the levels of IBL? If so, what are they? At what
level of IBL do you think you have used in the classrooms?

Could you please describe the process of IBL which you have
implemented?

Could you please describe your roles and your students’ roles in IBL

procedure?

Positive outcomes in the process and after IBL implementation

3.1

3.2

In the process of using IBL, have you noticed any improvements from
students (for example: participation, behavior, content knowledge, basic
science process skills, advanced science process skills, etc.)?

In the process of using IBL, have you noticed any improvements of
yourself (for example: student management, teaching techniques, student
attraction, problem introduction, leadership, mastering on the scientific

method, science process skills, inductive and deductive reasoning, etc.)?
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3.3 After the process of using IBL, have you noticed any improvements from
students (for example: behavior, teamwork, content knowledge,
assessment, practice, research, etc.)?

3.4  After the process of using IBL, have you noticed any improvements of
yourself (for example: content knowledge, research, science process skills,

teaching methods, etc.)?

IV. Challenges of using IBL in classrooms
a. Before the process
4.1 Before the process of IBL, have you faced any issues (for example: lesson
plan, creating inquiry questions, experiment tool preparation, etc.)?
4.2 How have you dealt with those issues? And is there anything changed?
b. In the process
4.3 In the process of IBL, have you faced any issues (for example: student
activity preparation, classroom management, experiment plan and
installation, time management, etc.)?
4.4 How have you dealt with those issues? And is there anything changed?
c. After the process
4.5 After the process of IBL, have you faced any issues (for example: student
assessment and evaluation, testing design, cleaning experiment lab, safety,
healthy, etc.)?
4.6 How have you dealt with those issues? And is there anything changed?
V. Teachers’ perceptions of using IBL in Physics course
5.1 In your opinion, what do you think of inquiry-based learning? Please

explain.
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5.2 Do you think IBL is a suitable approach in teaching Physics for upper-
secondary level? What type of lesson that should apply IBL? Please
explain.

5.3 Would you recommend IBL to other teachers? Why or why not?

5.4 Do you have any comments or suggestion to improve your practice of
implementing IBL?

Thank you for spending your time to participate in this interview.
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APPENDIX B

SEMI-STRUCTURED INTERVIEW PROTOCOL FOR STUDENTS

New Generation Pedagogical Research Center

Master of Education in Mentoring

My name is Mel Sereynivorth, a student of Cohort 2 of Master of Education in

Mentoring, New Generation Pedagogical Research Center. The main purpose of this

semi-structured interview is to explore Students’ Perceptions of Inquiry-Based Learning

Applied in Physics at Upper-secondary Level. All of participants are selected to join in

this study and they have right to stop or reject to join at any time, before or within the

interview. They will be safe whatever they answer (no threaten, fail their examination, or

lose any marks and so on). All of the data will be anonymous and kept in confidential.

[. Demographic Data

1.1 Name:

1.2 Gender:

1.3 Age:

1.4 QGrade:

1.5 Subjects learned at school:

1.6 Favorite subjects and reasons:

1.7 Non-favorite subjects and reasons:

I1. Students’ understanding of IBL and implementation in Physics
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2.1 Do you like Physics? Why or why not?

2.2 Has your Physics teacher introduced any problems or phenomena and then
provided questions, asking students to work in groups to find answers or do
experiment and reported the result in the end?

2.3 Has your Physics teacher assigned students’ roles clearly or students assigned
their roles themselves? Do you remember your roles?

2.4 Could you describe activities that your teacher have done and students’
activities in such an experiment learning? And your activities?

2.5 Has your teacher told you or facilitated you with: inquiry formulation and
hypotheses, experiment plan and installation, result, analysis, conclusion,

etc.?

III. Positive outcomes in IBL implementation
3.1 In the process of the above kind of learning, have you noticed any
improvements (for example: content knowledge, friendship, confidence,
observation, basic science process skills, advance science process skills, etc.)?
3.2 After the process, have you noticed any improvements (for example: more

understanding, teamwork, test, practice, research, etc.)?

IV. Challenges of IBL
a. In the process
4.1 In the process of learning, have you faced any problems (for example:
creating inquiry questions, using experiment tools, time management,
teamwork, etc.)?

4.2 How have you solved those problems? And anything changed?
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b. After the process
4.3  After the process, have you faced any problems (for example: testing,
homework, safety, health, cleaning experiment lab, etc.)?

4.4 How have you solved those problems? And anything changed?

V. Students’ perceptions of IBL in Physics course
5.1 Inyour opinion, what do you think of inquiry-based learning your teacher
has used in Physics class?
5.2 Do you enjoy learning Physics through IBL? Why or why not? Please
explain.
5.3 Do you have any comments or suggestion regarding IBL?

Thank you for spending your time to participate in this interview.
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