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Abstract

This study developed the Investigable Questioning Formulation Technique (IQFT) pro-
tocol to formulate investigable questions by following the procedures of design-based
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research. As guiding heuristics, the protocol used two provisional design principles
based on teaching experience and previous studies that have applied tools for for-
mulating questions, notably, the question formulation technique, SMART goals, and
a typology of investigable and non-investigable questions. Two cycles comprising six
lesson interventions were completed with two groups (n = 23, n = 25) of students in
the same school in Malaysia. Questions were analyzed using qualitative content analy-
sis and a question typology framework. Findings show the majority of students for-
mulated comparison, exploratory, and validation of mental model questions. Some
questions were posed in the prediction, descriptive, and problem-solving categories,
but none were categorized as cause and effect, design and make, or pattern seeking.
Implications for use of the 1QFT protocol to help facilitate Malaysian students’ genera-
tion of investigable questions, design experiments, and implement open inquiry are
discussed.
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1 Introduction

In inquiry learning, students should ask questions before commencing an
investigation. This approach involves a process of exploration, investigation,
and experimentation, whereas student questioning refers specifically to the
act of asking questions (Carli et al., 2022). While both are important aspects of
the learning process, they are not interchangeable, as inquiry learning requires
a more structured approach that includes formulating investigable questions,
gathering data, analyzing, and interpreting data, and drawing conclusions. In
contrast, student questioning can occur at any point in the learning process
and can serve as a way for students to clarify their understanding, explore new
ideas, or generate hypotheses (Chin & Osborne, 2008).

Ideally, the question to be investigated should be generated by the stu-
dents since this directly engages them in the inquiry (Chin & Kayalvizhi, 2002;
Crawford, 2014). Despite researchers emphasizing the value of students’ ques-
tions (see Chin & Kayalvizhi, 2002; Crawford, 2014), more than half of the
questions that students ask are not investigable questions and do not lend
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STUDENT QUESTIONING IN THE MALAYSIAN SCIENCE CLASSROOM 11

themselves to a practical investigation (Symington, 1980). Therefore, teachers
need to guide students in converting non-investigable questions into investi-
gable questions (Roth & Roychoudhury, 1993). A systematic process for con-
structing questions is required to assist students in developing questions that
are suitable for real-world investigations (Aziza, 2018). Student questioning
is the procedure by which students develop, frame, and answer questions to
acquire knowledge or resolve mental conflicts (Stokhof et al., 2019). It is an
essential tool in inquiry-based science education classrooms as critical ques-
tioning is fundamental to the scientific method (Shodell, 1995). Furthermore,
contemporary science education objectives see inquiry as part of a fundamen-
tal reform that emphasizes the role of questions, evidence, and explanations
in science (Brown et al., 2013).

One of the advantages of students’ questioning is that it gives students a
sense of responsibility and engages them emotionally in science instruction
(Singh et al., 2019). It also plays a crucial part in meaningful learning by dis-
closing the quality of students’ thinking and conceptual knowledge, their
alternative frameworks and misconceptions, and how they provide their rea-
soning (Cardoso & Almeida, 2014). Students’ questioning is therefore an essen-
tial self-regulatory method that increases intrinsic motivation, encourages
autonomy and competence, and supports both knowledge acquisition and the
growth of meta-cognitive methods (Chin & Osborne, 2008). Although many
teachers recognize the significance of students’ questioning, its application
can be constrained for various reasons. For instance, teachers often favor direct
instruction to achieve curriculum objectives and reject students’ spontaneous
questions to avoid disrupting their carefully scheduled sessions (Rop, 2002).

Stokhof et al. (2019) further highlighted that teachers are concerned that
student-generated questions do not necessarily reflect curriculum objectives.
In addition, students rarely ask questions, and some questions do not favor
information seeking, which means that the number of students who spontane-
ously raise advanced or open-ended questions about inquiry activities tends
to be limited (Cardoso & Almeida, 2014). Thus, students need to be immersed
in explicit teaching questioning strategies, since teaching students to ask and
respond to questions is crucial if they are to learn to communicate and reason
together effectively (Gillies et al., 2014). This point was supported by Nichols
et al’s (2017) study, which highlighted that when students learned about ques-
tioning strategies, they developed questioning and science inquiry behaviors
that may enhance their involvement in science and society in the future.
Teachers may also be enabled to foster the skills required by the curriculum
in their students.
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To ensure that students’ questions are essential to the inquiry activities they
will be performing, they need to develop investigable questions. In essence, if
students do not begin the inquiry with an appropriate investigable question,
they will encounter difficulties throughout the remainder of their investiga-
tion unless they adjust their questions and recommence their investigation
(Erumit et al., 2019). Crafting questions that can be empirically investigated is
vital for establishing connections between data and knowledge claims, form-
ing scientific arguments, and comprehending the role of debate in developing
scientific knowledge (O’Neill & Polman, 2004). Because investigable questions
are crucial to scientific inquiry, teachers must help their students acquire the
ability to formulate them. Sharkaway (2010) proposed four principles to help
students generate investigable questions: (a) justify the importance of their
questions, (b) give students opportunities to investigate real phenomena,
(c) demonstrate how to ask probing inquiries and provide an example of
question beginnings, and (d) provide training in questioning techniques and
improve the investigation questions.

A number of issues arise when encouraging students to construct inves-
tigable questions in an inquiry-based science education lesson. Creating an
investigable question requires a significant amount of effort and skill on the
part of the teacher, as students must retain ownership of the questions as they
are modified (Nesbit et al., 2004). As the process of inquiry takes time, teach-
ers may be concerned about adhering to a strict schedule, and they may prefer
to sacrifice the time necessary to explore investigable questions (Buczynski &
Hansen, 2010). Moreover, ample stimuli must be provided to students from the
reading materials, any arising discrepancies, and unexpected events to offer the
impetus for discussion and access to the knowledge required to generate inves-
tigable and researchable questions (Webb, 2010). Chin and Kayalvizhi (2002)
offered strategies for encouraging students to ask investigable questions that
included explaining in detail to students the nature of investigations, the terms
and concepts related to investigations, the many kinds of investigations that
can be conducted, and, in particular, the characteristics of good investigable
questions. Students should also know how to differentiate between investiga-
ble and non-investigable questions. Therefore, this study aimed to develop the
Investigable Question Formulation Technique (IQFT) protocol based on previ-
ous research concerning the application of the question formulation method
(Rothstein & Santana, 2017), SMART goals (Brown et al., 2016) and the typology
of investigable and non-investigable questions (Chin, 2002).

This study seeks to make a valuable contribution to the field of science edu-
cation in Malaysia and the broader Southeast Asian region, with a particular

Downloaded from Brill.com 10/09/2024 08:19:03AM

ASIA-PACIFIC SGIENCEE TUd TION"9'( 02%)“‘“21 et the terms

3Y 4.0 license.

https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

STUDENT QUESTIONING IN THE MALAYSIAN SCIENCE CLASSROOM 13

focus on training students to ask scientific questions. The Malaysia Education
Blueprint 2013—2025 highlighted the government’s strategies to enhance
the quality of education in Malaysia, namely, to equip the nation to address
21st-century challenges and achieve greater success (MOE, 2013). This aligns
with 21st-century learning principles that emphasize the development of stu-
dents’ higher-order thinking skills. Hassan et al. (2021) suggested that student
questioning activities can promote the development of higher-order thinking
skills. However, there has been little research on student questioning, particu-
larly investigable questions, within the Malaysian context. Therefore, the 1QFT
protocol developed serves as a scaffolding tool that teachers can use to support
and guide students to improve their questioning skills. It has been found that
encouraging student questioning can have a positive impact on student moti-
vation, engagement, and learning outcomes in science and promote the devel-
opment of scientific inquiry skills such as hypothesis testing and experimental
design (Chin & Osborne, 2008).

With these points in mind, the study aims to address the following research
question:
1. Inwhatways can the IQFT protocol facilitate students to formulate inves-

tigable questions?

2 Problem Statement

2.1 Questioning Activities
Teacher and student questions play an important role in determining the
inquiry process. When teachers indirectly diversify questioning approaches,
using approaches such as closed- and open-ended questions, they form an
interaction that can improve students’ cognitive development (Chen et al.,
2017). In addition, open-ended questions stimulate students’ engagement in
group discussions (Kademian & Davis, 2018). Likewise, student questions are
significant in inquiry-based science education and science learning (Herranen
& Aksela, 2019). However, teachers face the problem of making student ques-
tions useful for curriculum learning (Stokhof et al., 2020), and although stu-
dents learn in informal contexts outside of the classroom, they may still find it
difficult to ask questions (Singh et al., 2019). In addition, some family cultures
discourage children from asking questions, as the child is expected to obey the
parents’ instructions (Singh et al., 2019).

In spite of these problems, there are a number of tools that teachers can
harness. According to Stokhof et al. (2020), in order to foster and support a
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classroom environment where student questioning can take place, four design
principles need to be harnessed: (a) describe the curriculum objectives;
(b) support question development; (c) establish shared responsibility; and
(d) visualize the construction of collective knowledge. To effectively engage
students and align their learning with curriculum objectives, teachers must
first identify the key concepts in the topic being studied. This serves as a con-
ceptual foundation that balances students’ intellectual curiosity and fosters
structured exploration of their personal questions. The teacher should then
facilitate an environment where all student questions are encouraged and
celebrated, and these questions are discussed as a group in class. Utilizing a
collective visual platform can also be highly beneficial, as it provides a visual
representation of students’ prior knowledge and serves as a starting point
for collaborative knowledge building. This approach also enables teachers to
effectively monitor and evaluate student learning progress.

2.2 Facilitating Students’ Questions for Inquiry

Student questions can be generated orally or through writing (Singh et al,
2019). Questioning is one of the key practical skills utilized in science labora-
tories (Hinampas et al., 2018). Effective questioning methods can encourage
students to think more critically (Hinampas et al., 2018). There are many tools
or strategies that can be employed to make student questioning more effective,
notably the use of mind maps (Stokhof et al., 2020) and jigsaws (Blonder et al.,
2015). According to Stokhof et al. (2020), knowledge visualized in the form of
mind maps supports students’ understanding of the concepts learned. In addi-
tion, students are encouraged to ask questions related to their real-life prob-
lems (Blonder et al., 2015). In open inquiry, students create research questions,
organize the inquiry, and carry out the investigation (Herranen & Aksela, 2019).
This process of inquiry requires students’ motivation to learn about science
and science self-efficacy (Areepattamannil et al., 2020). Therefore, students
in Malaysia need to be guided to formulate investigable questions because in
traditional Malaysian classrooms, questioning is not widely utilized, and the
majority of teacher questions tend to be of a low quality (Mat Noor, 2021).
Thus, students tend to lack opportunities to apply their critical thinking skills
(Yin Peen & Yusof Arshad, 2014).

Despite the importance of student questioning in science education, stu-
dents may struggle to generate effective questions, and teachers need more
effective strategies to guide students in formulating investigable questions
that promote critical thinking, science self-efficacy, and motivation to learn.
Different tools and strategies such as mind maps and jigsaws have been
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proposed, but their effectiveness in improving student questioning needs to
be further explored.

3 Research Background

Previous studies have conceptualized several questioning protocols for vari-
ous purposes, including promoting conceptual understanding, developing sci-
ence process skills, and facilitating exam preparation (see Aflalo, 2021; Blonder
et al,, 2015; Tseng et al., 2015; Zydney & Grincewicz, 2011). While these proto-
cols have been limited, promoting the creation of investigable questions can
shift students’ focus towards the learning process and promote active learn-
ing, despite requiring more effort. Aflalo (2021) suggested making the develop-
ment of student questions a more prominent part of the curriculum. Herranen
and Aksela’s (2019) review also underscored the importance of questioning in
teacher education, as it is a practical and critical form of inquiry.

Investigable questions give students the opportunity to create, gather, ana-
lyze, and interpret data and draw conclusions. Three previous studies have
developed protocols for formulating questions, including investigable ques-
tions, as shown in Table 1. Chin (2002) provided five recommendations to aid
students in creating an appropriate problem or research question. First, teach-
ers need to clarify the different types of investigable and non-investigable ques-
tions. Second, teachers need to explain the terms and concepts that apply to
investigations to the students. Third, through questioning and discussion, they
should assist students to convert their non-investigable questions into investi-
gable questions. Fourth, they should encourage students to utilize their prior
knowledge and interests. Thus, teachers act as facilitators, enabling students
to make connections between what they already know and what they want to
learn. Last, teachers should create an environment that supports students to
ask questions and pose problems.

Tseng et al. (2015) introduced the “big idea, divergent thinking and con-
vergent thinking” model to scaffold students’ inquiry learning. In this model,
three stages were identified for teachers and students. In Stage 1, teachers iden-
tify big ideas while students identify what is known. Next, in Stage 2, teach-
ers use divergent thinking while students use the mandala thinking strategy,
which aids in developing critical thinking skills and fostering self-awareness.
The strategy involves creating a diagram with the central concept in the cen-
ter of the circle and related ideas, concepts, and information radiating out-
wards. Last, in Stage 3, teachers use convergent thinking while students make
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TABLE 1 Some protocols for formulating investigable or scientific questions
Authors Chin (2002) Tseng et al. (2015) Singh et al. (2019)
Protocols / i) Explain the different  Bigidea, divergent Stage 1: Indirect
suggestions types of investigable  thinking, and convergent Stage 2: Less indirect
and non-investigable  thinking model Stage 3: Somewhat
questions to students. direct
ii) Teach students the Plan for teachers Stage 4: Most direct
terms and concepts Stage 1: Identify big ideas.
used in investigations. = Stage 2: Use divergent
iii) Through questioning  thinking.
and discussion, assist ~ Stage 3: Use convergent
students in converting thinking.
their non-investigable
questions into investi- Plan for students
gable questions. Stage 1: 1dentify what is
iv) Utilize students’ prior ~known.
knowledge and inter-  Stage 2: Use the mandala
ests. Encourage them  thinking strategy.
to make connections  Stage 3: Make a plan.
between what they
already know and what
they want to learn.
v) Create an environment
that supports asking
questions and posing
problems.
Objectives To generate investigable To scaffold students’ To encourage students
problems and questions inquiry learning to ask questions

a plan. This model is beneficial because teachers’ and students’ roles are
clearly delineated. This model also encourages students to identify variables

in experiments.

Singh et al. (2019) investigated the reasoning students use to formulate
questions. Their study proposed four stages to encourage students to ask ques-
tions. Stage 1 is indirect, which means that teachers call students to choose a
question focus such as a tree, indicating this by saying only “come here.” Stage 2
is less indirect, which means that teachers start looking at the tree so that the
students get interested in it. Stage 3 is somewhat direct, as teachers start asking
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students to look at the tree, with ambiguous exclamations such as, “Oh! Look!”
Last, Stage 4 is the most direct stage, in which teachers ask students to ask
questions about the tree. The purpose of this step-by-step process is to encour-
age students to engage with the lesson.

The suggestions of previous studies offer valuable guidelines for teachers,
particularly regarding student engagement. However, problems arise for those
teachers who do not have sufficient knowledge and experience to guide stu-
dents to formulate open investigations. In addition, these suggestions offer
neither examples of investigable questions nor clues as to how to formulate
them. Students need to be given some examples of investigable questions to
facilitate their generation of these kinds of questions. Otherwise, students may
continue to generate the same types of questions, such as cause and effect or
exploratory questions, which are limited in their scope. Therefore, there is a
need for a more structured protocol and rubric to offer further guidelines for
teachers.

4 Methodology

The study followed the principles of design-based research (DBR; Baumgartner
etal., 2003) to generate knowledge that teachers can use to instruct students in
the development of investigable questions. DBR utilizes practitioner-oriented
methodologies because the objective is to bring about real change and enhance
learning outcomes while ensuring fairness and inclusivity for all students
(Hall, 2020). In addition, as a methodology, DBR utilizes design as a founda-
tion to develop learning innovations through the research process of theory
creation and innovation design (Kaanklao & Suwathanpornkul, 2018). The
three key aspects of theory building in DBR are intervene, innovate, and iter-
ate (Hall, 2020). DBR allows for the development and refinement of interven-
tions in real-world contexts. This approach emphasizes collaboration between
researchers and practitioners and provides opportunities for iterative cycles
of design, implementation, and evaluation. In addition, DBR emphasizes the
importance of studying complex, dynamic educational environments, such as
science classrooms, and provides a framework for addressing practical prob-
lems in these settings. Therefore, the research team made changes in practice
to improve student inquiry learning practices.

4.1 Participants and Research Context
In cycle one of the study, the IQFT protocol was implemented with two groups
(25 students in Group A and 23 students in Group B) from an Islamic school

Downloaded from Brill.com 10/09/2024 08:19:03AM
9_»\2'_‘%)\“&1 Access. This is an open access article J!ﬁ?{'}!\ﬁ\t,l:‘; L.:xvh‘l (\)hl\] terms
C .0 licens

https://creativecommons.org/licenses/by/4.0/

ASIA-PACIFIC SCIENCE EDUCATION 9 (2023)



https://creativecommons.org/licenses/by/4.0/

18 DAH ET AL.

in Malaysia. Group A was comprised of all male students while group B was
comprised of all female students. While this study did not specifically exam-
ine gender differences, due to the unique circumstance of gender-segregated
classes in this particular school, the educators made the decision to implement
the protocol using the same single-sex grouping that students experienced in
their regular classroom. The IQFT protocol was then repeated for two cycles
using different questions focused on the menstrual cycle, states of matter, the
human digestive system, acids and bases, water quality, and heat. The selected
science topics were aligned with the curriculum requirements of the Malaysian
Secondary Science Curriculum Standards (MOE, 2016).

At the time of the study, the first author was employed as a science teacher
in a suburban area. As a qualified teacher, she was interested in using research
to improve her classroom practice. To this end, she took on the dual role of
teacher-researcher, conducting research while also teaching her students. This
approach involved using her expertise to investigate her own practice and
identify ways to improve it. However, it is important to note that self-reflection
and evaluation can be biased, as Herr and Anderson (2015) pointed out. To
minimize potential biases, the research team enlisted the help of three
external experts to evaluate the quality of the student questions. This evalu-
ation ensured that the questions were suitable and aligned with Chin and
Kayalvizhi’s (2002) interpretations.

TABLE 2 A summary of the two cycles of intervention
Cycle1 Cycle 2
Group A B A B A B A B A B A B
Topic Menstrual  States of Human Acidsand ~ Water Heat
cycle matter digestive bases quality
system
Question print image A beaker printimage printimage Video Video
focus of the with ice of the of fruits on water on green
menstrual  cubes human pollution  technology
cycle digestive and the
system greenhouse

effect
Lesson time 60 minutes 60 minutes 60 minutes 60 minutes 60 minutes 60 minutes
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Table 2 provides a summary of the intervention. The students were 13 years
old when they learned about the menstrual cycle and states of matter. The
same participating students were 14 years old when Cycle 2 on the topics of the
human digestive system, acids and bases, water quality, and heat took place.
This was because the teacher had completed teaching for that year, so the top-
ics were carried over. The students were in small groups consisting of four to
six students.

4.2 Designing the 1Q¥FT Protocol

Two tentative design principles served as the guiding heuristics for the proto-
col developed as part of this research: earlier teaching experience and earlier
studies that applied a question formulation technique (Rothstein & Santana,
2017). The 1QFT protocol was initially developed by combining the research
framework from the question formulation technique (Rothstein & Santana,
2017), SMART goals (Brown et al,, 2016), and typology of investigable and
non-investigable questions (Chin, 2002). It is fundamental that pupils who are
motivated by curiosity acquire and retain information more effectively and
take more responsibility for their learning. Students should focus their ques-
tions on visual, auditory, or technological learning aids since these enhance
their science learning (Kamarudin at al.,, 2022). The 1QFT protocol developed
for this study consists of eight main steps, which are listed in Table 3 below.

TABLE 3 Investigable Questioning Formulation Technique (IQFT) protocol used to
formulate questions

Steps Description

Step 1: Choose The teacher will choose a suitable question focus as a stimulus
the question for students to formulate questions. This can be achieved by
focus utilizing a variety of teaching tools in any format that can get

students to think critically.

Step 2: Introduce  The rules are (i) ask as many questions as possible, (ii) continu-

the rules before ously discuss the questions, (iii) list all the questions discussed,
the questioning and (iv) convert any statement into a question.
technique
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Investigable Questioning Formulation Technique (1QFT) protocol (cont.)

Steps

Description

Step 3: Generate
questions
individually

Step 4: List all
questions

Step 5: Introduce
the rubric

Step 6: Grade
investigable
questions

Step 7: Arrange
all the investi-

gable questions

Step 8: Reflect on
and design the
investigation

Every member of the group must generate at least one question.

A group leader will write down all the questions produced by the

members.

Students identify the characteristics of investigable questions
by introducing the SMART rubric, which stands for specific, mea-
surable, achievable, relevant, and timely.

Students will use the SMART rubric to discuss and evaluate all
the generated questions.

Students will arrange and share the investigable questions with
other groups based on the SMART characteristics (i.e., they will
be arranged by their scores on the rubric).

The teacher will discuss the most important characteristics of
investigable questions with students and facilitate their design
of scientific investigations to answer the questions.

4.3 Implementing the 1QFT Protocol in Two Cycles

This study was conducted in a Malaysian secondary school science education
context, where the science curriculum was aimed at cultivating students’ sci-
ence literacy, critical thinking skills, and ability to apply scientific knowledge
in solving real-life problems (Mat Noor, 2021; MOE, 2016). The Standard Science
Curriculum covered three key areas: knowledge, skills, and values. Students
were expected to explore these areas through an inquiry-based approach
that promotes the development of a scientific mindset. This approach
focused on student-centered learning, constructivism, contextual learning,
problem-based learning, mastery learning and other relevant strategies and
methods. Through these methods, students were encouraged to take an active
role in their learning, apply scientific principles to real-world situations, and
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develop critical thinking skills that will serve them well in their future studies
and careers (MOE, 2016).

4.3.1 Question Formulation Technique Application: Cycle 1

During Cycle 1, students were taught to generate questions using the question
formulation technique (Rothstein & Santana, 2017). The question formulation
technique consists of six components: (i) focus the question, (ii) construct
the question, (iii) give examples of open- and closed-ended type questions,
(iv) prioritize the question, (v) plan the next activity, and (vi) reflect. Students
were introduced to the first topic, which focused on the menstrual cycle, which
is part of the science curricullum mandated by the Ministry of Education for
this age group. The students then combined the generated questions in groups
and discussed how each question had been identified and whether it was a
closed- or an open-ended question. Students were taught to identify the dif-
ferent types of question words, notably that “what,” “where,” and “when”
questions are closed-ended questions, while “how” and “why” questions are
open-ended questions. Students then arranged the questions according to the
priority they wanted to address. Finally, students chose three main questions
from their respective groups to discuss in class and suggested activities based
on those questions.

4.3.2 IQFT Protocol Application: Cycle 2

Cycle 2 involved five topics: states of matter, the human digestive system, acids
and bases, water quality, and heat. During this phase, the IQFT protocol was
first introduced to students. Following this, an exploration of the questions
generated by the students was conducted based on the five topics. Students
underwent all eight steps in the IQFT protocol. In Step 8, when reflecting and
planning the next action, students simply discussed the selected question with
the teacher and suggested activities based on that question.

4.4 Reflections Between the Cycles

4.4.1 Question Formulation Technique Reflection: Cycle 1

In the beginning, the students were introduced to the questioning protocol.
The teacher introduced question words that distinguished between closed-
and open-ended questions to encourage students to generate closed- and
open-ended questions. Instead of displaying digital images shown at the front
of the classroom, printed images were given to students in each group. However,
these images did not appear to interest the students and during observations
of students working in groups, they appeared to look bored. Therefore, stu-
dents did not carry out activities based on the constructed questions during
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the menstrual cycle topic. Based on the teachers’ observations, students could
produce questions, but the questions did not direct them towards an inves-
tigation. In addition, looking more closely at the context of the questions
generated, questions that began with the question word “what” also directed
students towards an investigation. Thus, the teacher concluded that the exist-
ing protocol needed to be improved so that the students could produce ques-
tions of an investigative nature.

4.4.2 1QFT Reflections: Cycle 2

Students had already gained experience after going through Cycle 1. Therefore,
they found it easier to produce questions using the 1QFT protocol in the sec-
ond cycle. However, students only succeeded in generating a few investigable
questions. Also, during this cycle, the teacher still used a printed image even
though in Cycle 1 the students looked bored. This was because pictures of the
human digestive system and fruits were immediately recognizable to teachers
and students who already had prior knowledge of these topics from primary
school. Thus, the main focus of Cycle 2 was to look at the types of questions
generated by students after introducing the 1IQFT Protocol. Students’ ability to
generate questions was also influenced by their prior knowledge from primary
school. Thus, students’ basic primary school knowledge helped them to gener-
ate questions.

2. Implementing questioning
protocol in science classroom

1. Introducing
questioning protocol

to student
3. Reflecting on
Cycle1 questioning protocol
1. Introducing
improved
uestioning protocol
9 &P Cycle 2
3. Reflecting on improved
questioning protocol
2. Implementing improved questioning
protocol in science classroom
FIGURE1  The research framework for cycles 1 and 2
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The questions posed by the students were evaluated to determine whether
they were suitable for investigation based on their content and practicality.
The questions were sent to three external experts for quality evaluation to
ensure that they corresponded with Chin and Kayalvizhi’s (2002) four factors:
closed- or open-ended questions, procedural questions, conceptual questions,
and the questions’ relevance to the students’ investigation. Coding categories
were developed for the questions that were derived from existing literature
on questions that students had asked (see Chin & Kayalvizhi, 2002). The pres-
ent study focused on the types of questions formulated and their potential for
conducting investigations. Figure 1 shows the research framework both cycles.

5 Findings

Students produced various types of questions after the question focus had
been established. The questions generated consisted of investigable and
non-investigable questions. However, a handful of students had difficulty in
constructing questions, and in the end they did not ask questions. Students
who faced problems were helped by being offered clues. The teacher gave
instructions in the form of an incomplete sentence arrangement. Students
needed to identify the appropriate type of sentence structure and fill in the
blanks with variables they felt were relevant. Finally, after being given clues,
students successfully generated questions. However, students were still not
producing many investigable questions. Through skilled teacher questioning
and discussion, students were assisted in converting their non-investigable
questions into investigable ones (Chin & Kayalvizhi, 2002).

The following is the order of sentences given to students who had difficulty
in constructing questions:
Which is the most ____ ?
Howdoes  affect  ?
What will happenif __ ?
Whatis the effectof _ on ?
What are the factors that affect  ?
What needs to be changedin ____ for ____ to be more efficient?
What changes occur during__ ?
What is the relationship between _____ and ?

How can I identify and differentiate between and ?
10. How can be made into a model in concrete material?

© P ST pH @b

For analysis, the questions generated by the students were classified into two
groups: investigable and non-investigable.
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5.1 Investigable Questions

Investigable questions allow students to carry out experiments or projects.
Students generate and collect data during the investigation, analyze and inter-
pret the data, and draw conclusions to answer research questions. Suppose
a student-generated question only requires one to ask someone a question
or find a book or other secondary source without manipulating concrete
materials, apparatus, or instruments. In that case, the question is considered
non-investigable (Chin & Kayalvizhi, 2002). The typology of questions for
open investigations in this study was taken from that proposed by Chin and
Kayalvizhi, who asserted that there are nine types of investigable questions:
(i) comparison, (ii) cause and effect, (iii) prediction, (iv) design and make,
(v) exploratory, (vi) descriptive, (vii) pattern seeking, (viii) problem-solving,
and (ix) validation of mental model questions.

When students can formulate investigable questions, they are empowered
to collect and analyze original data, draw conclusions based on first-hand
evidence, and effectively answer the investigable question at hand. Chin and
Kayalvizhi (2002) offered some interpretations on types of investigable ques-
tions. Comparison questions require the selection of one option from multiple
items that are being evaluated. Cause and effect questions are inquiries that
explore the causal mechanisms and relationships between events or phenom-
ena. Prediction questions require some degree of speculation and may involve
testing a mini-theory or validating a hypothesis. Design-and-make questions
pertain to the creation of something for a practical purpose and are typically
linked with the resolution of technological challenges. Exploratory questions
are used for the initial investigation of a topic, before the focus is narrowed
down, and may involve some trial and error. Descriptive questions prompt
students to closely observe an object or event and provide a detailed descrip-
tion of it. Pattern seeking questions are particularly well-suited for surveys that
explore natural biological phenomena, such as ecological systems, weather
patterns, or genetics, where manipulating or controlling factors may be dif-
ficult for students. Problem-solving questions that begin with “Can you find
a way to ...” encourage students to apply their knowledge in innovative and
creative ways to resolve a problem. Finally, The validation of mental model
category involves testing and refining mental or conceptual models against
evidence and is prompted by students’ desire to understand and explain puz-
zling phenomena, often involving hands-on investigation.
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5.2 Non-Investigable Questions

Non-investigable questions include: (i) basic information, (ii) complex infor-
mation, and (iii) philosophical or religious questions. Basic information ques-
tions are questions that ask for uncomplicated facts or information that are
readily accessible through sources such as books, the internet, or asking some-
one. Complex information questions are challenging to answer and typically
require detailed explanations or in-depth knowledge that may be beyond a
student’s grasp. Philosophical or religious questions may not have a scientifi-
cally verifiable answer or may be beyond the scope of science.

Students generated a total of 200 questions, both individually and in groups.
Table 4 illustrates some of the students’ questions related to the six topics
explored in this study. The topics involved were the menstrual cycle, states of
matter, the human digestive system, acids and bases, water quality, and heat.
Students already had prior knowledge because all topics except water quality
had been taught in primary school. The questions collected were the result of
student discussions during the group sessions. According to Muhamad Dah
and Mat Noor (2021), group discussions improve the quality of student ques-
tioning. The teacher issued the questions with the highest scores based on the
SMART rubric. However, on the topic of heat, students produced questions
individually because the teacher-researcher wanted to evaluate students’ abil-
ity to create investigable questions after several training sessions in using the
protocol. The heat topic led to the formulation of the most investigable ques-
tions, totaling six questions. The students were able to generate 22 (11%) inves-
tigable questions out of the 200 total questions that were formulated by both
groups of students. The topics involved were chemistry, heat, plants, energy,
force, and light, as shown in Table 5.

TABLE 5 List of topics related to the students’ questions

Topic Number of questions Number of investigable
questions

Menstrual cycle 12 2

States of matter 19 5

Human digestive system 32 2

Acids and bases 30 3

Water quality 28 4

Heat 79 6

Total 200 22

% investigable - 11.0
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6 Discussions

The findings of the present research reinforce those of Chin and Kayalvizhi's
(2002) study, in which the total percentage of investigable questions generated
by students was 11.7%. However, after the students were shown the examples of
investigable questions, the percentage increased to 71.4% (Chin & Kayalvizhi,
2002). The topics investigated in Chin and Kayalvizhi’s (2002) study included
energy, chemistry, human biology, the solar system and the universe, evolu-
tion, plants, religion, weather, animals, communications technology, light,
aerodynamics, and electricity. Selection of the topic therefore affects the qual-
ity of students’ questioning (Muhamad Dah & Mat Noor, 2021).

6.1 The Types of Investigable Questions

In this study, students generated six types of investigable questions: compari-
son, prediction, exploratory, descriptive, problem-solving and validation of
mental model questions. None of the questions formulated by the students fell
into cause and effect, design and make and pattern seeking categories.

6.1.1 Comparison Category
Comparison questions require students to choose between several objects
to be tested. According to Chin and Kayalvizhi (2002), there are two types of
comparison questions: make a choice and classification. In a make-a-choice
question, students compare and choose from a set of things based on a spe-
cific characteristic. Such questions challenge students to compare a number of
entities and to select one based on a particular attribute (Chin & Kayalvizhi,
2002). Examples of questions students generated in the comparison category
from the present study were: “Which condition will make ice melt quickly?”
“Which of these substances will change the color of blue litmus paper?”
and “Which type of soil pH is the most suitable for plant growth?” The ques-
tions “What is the most effective method for lowering electricity costs?” and
“What is the best way to reduce plastic waste?” were also comparison ques-
tions that could help students to run a project to identify methods to reduce
electricity bills. Students determined that they could record the reading of the
electricity bill each month and thus monitor electricity consumption. Similar
to Kauble’s (2011) study, students discussed what would be the best way to
clean up an oil spill. Kauble’s suggested strategy was to measure the amount
of oil removed and evaluate the cleanliness of the seashore after students had
decided how they would proceed in teams.

When engaging with comparison questions, students must compare the fea-
tures of many substances and categorize them into groups based on observable
or tested characteristics. An example of a classification question is: “Which of
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these solutions will make ice float in it?” There are two possibilities: ice will
either float or sink when put into solutions of different densities. Comparison
questions are very familiar to students because students make choices and
decisions related to such questions in their daily lives. To answer this type of
question, students need to experiment with the factors that cause the phe-
nomenon or situation. For example, the mass of ice cubes was measured as a
controlled variable. The location of ice was placed as a manipulated variable
and the time needed for it to melt was a response variable. Students planned
and conducted experiments, analyzed the results, and drew conclusions.

This approach was similar to that adopted in Vowell and Phillips’ (2015)
study, in which students explored the three states of matter (solids, liquids,
and gases) by monitoring changes and taking part in selected activities using
balloons and chocolate as part of the teacher’s specially designed hands-on sci-
ence class. According to Singh et al. (2019), investigable questions were often
verified by evidence that the students actually did investigate: they collected
data in an effort to find answers. However, Prins (2020) categorized questions
that contain opinion words (e.g., “best” and “better”) as non-investigable ques-
tions. This contradicts our criteria for investigable questions. According to
Prins (2020), an example of a non-investigable question is: “What type of soil
is best for plant growth?” This reflects how the term “investigable question” is
open to different interpretations on the part of researchers or teachers.

6.1.2 Cause and Effect Category

No question fell into the cause and effect category. This category refers to the
relationship between two variables that affect another variable (Chin, 2002).
One such example is a question such as: “How does the temperature of the
solvent affect the rate of solubility.” Students generate inferences on how the
solute’s size affects the rate of solubility. To answer this question, students
experiment and manipulate one variable to gauge its effect on the other vari-
able. Students also control for certain variables while conducting experiments.
In this study, student questions such as “What factors cause ice to melt quickly
(in less than 5 minutes)?” looked like cause and effect questions. However, only
one variable was mentioned in this question.

In West et al’s (2015) study, students deconstructed already engineered
objects (e.g., various coffeemakers) using engineering concepts to offer scien-
tific reasons (e.g., factors affecting solubility) for the design elements, which
was similar to our prediction. The teacher had trained the students to con-
struct a hypothesis sentence, in other words, “if ___ then___,” while planning

Downloaded from Brill.com 10/09/2024 08:19:03AM

ASIA-PACIFIC SCIENCE EDUCATION §'(2025) 9244 " ™

https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

STUDENT QUESTIONING IN THE MALAYSIAN SCIENCE CLASSROOM 31

the experiment. In the current study, however, although students were given
clues, no questions were generated in the cause and effect category. Students
may have been confused or encountered complications in identifying the vari-
ables involved when constructing a question, even when given the focus of
the question. Students were already familiar with the questions or problems
presented by the teacher before the experiment. Once the teacher had given
the investigation question, the student only needed to construct a hypothesis
based on the question and identify the variables. Thus, students felt comfort-
able while planning and conducting experiments and drawing conclusions.
However, it must be noted that this “spoon-feeding” method is not the most
stimulating one for students undertaking scientific inquiry. Therefore, teach-
ers should encourage their students to learn by asking questions that draw on
their existing knowledge (Gerhatova et al., 2021).

6.1.3 Prediction Category

Only one question generated by students fell into the prediction category: “What
will happen if this water pollution continues?” Prediction category questions
involve speculations made to test a theory (Chin & Kayalvizhi, 2002). Usually,
the outline of the prediction question is something like: “What will happen
if _ ?” Questions such as this could lead students to experience a sense of
wonder and encourage them to potentially run a project to find answers. For
example, students could choose to observe aquatic life and record the pH of
river water or conduct interviews or surveys with residents about their percep-
tions of the polluted river to then run awareness campaign on water pollution
where they could share the data they collected and analyzed. They may then
be motivated to introduce residents to ways to reduce water pollution. This
example demonstrate how an investigable question, which cannot be easily
resolved by reading a book or an article on the internet (Prins, 2020), can be
more productive for students’ active learning,

Collaboration between teachers, students and the local community can be
achieved, especially when sharing experiences, knowledge, and details about
finances. This collaboration acts as a scaffolding to support the teacher in the
inquiry process (Adler et al., 2019). Eventually, students become aware of the
importance of caring for the environment and being responsible for and con-
cerned about environmental change. Therefore, indirectly, such projects can
produce creative, critical, and innovative students. Students are responsible
for formulating and constructing new ways of thinking, while teachers need to
foster students’ creative activity (van Zee et al., 2001).
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6.1.4 Design and Make Category

Students did not construct any questions in the design-and-make category.
Questions in this category direct students towards the construction of a tool
(Chin & Kayalvizhi, 2002). The primary purpose is to manipulate the variables
to produce a device according to the desired requirements. According to Prins
(2020), one criterion for investigable questions is that they can be answered
with the materials and time available. Therefore, questions in this category
are investigable because students need to set up an experiment or project to
answer the question.

On the topic of heat, students came up with questions such as “How can
one build a thermos to minimize heat loss?” This question is similar to those
mentioned in Schnittka et al’s (2010) study, in which students designed and
made penguin homes. Through their project work, students learned about
thermal energy transfer by radiation, convection, and conduction. Next, stu-
dents tested materials, exploring their ability to slow thermal energy transfer
to keep the ice penguins cool. After testing the materials, students built their
penguin homes, and then saw how well the dwellings kept the penguin-shaped
ice cubes from melting in a test oven.

6.15 Exploratory Category

Five student-generated questions fell into the exploratory category. The ques-
tions were: “What factors cause ice to melt quickly (in less than 5 minutes)?”
“What are the factors that cause contamination in three water samples?” “What
steps can be taken to prevent water pollution?” “How can one clean three water
samples?” and “What characteristics of the home keep it from becoming too
hot, even without air conditioning?” Exploratory category questions involve
cause-and-effect relationships (Chin & Kayalvizhi, 2002). However, the explor-
atory category does not define the variables involved. Students need to engage
in explorations to answer the investigation questions. For example, a ques-
tion such as “What characteristics of the home keep it from becoming too hot,
even without air conditioning?” involved students needing to find information
about house characteristics that ensured they do not become hot.

Some approaches they adopted were to analyze search engines and examine
the design of homes in their residential area. Students also carried out surveys
of residents in their villages and housing estates. In addition, they conducted
interviews with architects. Students also related the theory of reflection and
heat absorption to house design. Finally, students presented the findings
through sketches of house designs. Mahaya et al. (2015) proposed an activity
where students explore water sanitation and testing methods, including solar
pasteurization and the Colilert test for total coliform bacteria and Escherichia
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coli. These investigations are relevant to inquiry-based water quality labs for
high school biology, chemistry, and environmental science. However, accord-
ing to Prins (2020), the question requires variables that can be observed or
measured and then categorized as investigable questions, which contradicts
our criteria.

6.1.6 Descriptive Category

Students generated one question in the descriptive category. Descriptive cat-
egory questions require students to make careful, in-depth, and systematic
observations (Chin & Kayalvizhi, 2002). The observation activities suggested in
Chin and Kayalvizhi’s study seed germination, tree growth, and the life cycle of
insects such as butterflies. Carrying out the observations necessary to answer
this type of question provides a variety of information to students. Making
observations is one of the key skills of the science process. Students use the
senses of sight, hearing, touch, taste or smell to gather information about an
object or phenomenon. In addition, the science process skills involved utilize
spatial and temporal relationships. Students describe the change of param-
eters with time. Examples of parameters include shape, size, volume, weight,
and mass.

The descriptive question students generated was “What changes take place
during the water cycle?” Students made and recorded observations in their sci-
ence journals. Since condensation, evaporation, and transpiration are involved
in the water cycle, students observed the physical changes that take place. This
activity paralleled the one identified in Klosterman et als (2014) study, which
proposed an activity to engage students in conversations about plants, their
characteristics, functions, and genetic diversity, as manifested in the variety
of tomato shapes and sizes found in a grocery store. Singh et al. (2019) fur-
ther studied a student question: “What possible colors can leaves be?” In their
study, students searched for and identified various colors in order to answer
the question, and then tested the thickness of leaves by feeling them in order
to find out whether some leaves were thinner than others.

6.1.7 Pattern Seeking Category

No question was generated in the pattern seeking category. This category
of question involves a survey of natural biological phenomena (Chin &
Kayalvizhi, 2002). Examples of phenomena are ecological systems, weather,
and genetic variation. Students are unable to control for any of the variables.
An example of a question for this category is: “What are the communities and
types of interactions found in grassland and mangrove swamp ecosystems?”
Students need to survey the population, community, and types of interaction
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in these two ecosystems to answer this question. Activities such as field trips
allow students to view, record, analyze, and draw conclusions from the results
of observations.

In a similar vein, Laskowski et al. (2016) proposed that students learn best
about wildlife habitat selection — the process by which animals decide where
to live — through practical outdoor activities and discussions in the classroom.
Students will understand more about the concept of science when they look at
the real world than when they learn theoretically in the classroom. Indirectly,
students are aware of and appreciate the beauty of nature that needs to be pre-
served. Singh et al. (2019) and Chin (2002) agreed that investigable questions
allow students to collect data in an effort to find answers.

6.1.8 Problem-Solving Category

One student-generated question fell into the problem-solving category.
Problem-solving category questions involve the implementation methods for
solving a problem or issue (Chin & Kayalvizhi, 2002). This category of ques-
tion differs from the design category in that the design question focuses on
technology or product production (Kamarudin et al., 2022). Problem-solving
questions encourage students to use their expertise to develop new methods
to address challenges. Students need to identify problems or issues, define and
explore appropriate methods, and test and reflect on those methods. The ques-
tion a student in this study generated was “How can we identify and distin-
guish the properties of three unknown clear solutions?” First, students need
to define what a “solution” is and explore the physical properties of solutions.
Next, students need to identify physical characteristics such as pH value, den-
sity, and boiling point through experimentation.

Rillero et al. (2018) suggested an activity where the students could explain
what it means for something to sink or float and how the more weight a boat
has, the better it can float. However, Rillero et al’s study was implemented for
7- to 9-year-old students. Therefore, the problem was given to the students
using the problem-solving approach. Eventually, students in our study com-
pared the differences between the three unknown clear solutions.

6.1.9 Validation of Mental Model Category

Students generated six questions in the validation of mental model category.
Questions in this category involve the confirmation of a scientific concept
through the construction of concrete materials (Chin & Kayalvizhi, 2002). By
examining the structure of this actual material, students become more pre-
cise in their understandings of a concept. The validation of mental model
questions formulated in this study were “How can a menstrual cycle model
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be constructed?”, “How can a model of the digestive system be constructed?”,
“How can the digestive system be modeled?”, “How can a green building model
be constructed?”, “How can a model of global warming be constructed?” and
“How can climate change be modeled?”

According to Prins (2020), a key criterion for investigable questions is that
they should help one to understand how or why something works. Usually, the
science involved is an abstract concept that cannot be seen with the senses,
such as energy transformation. For the question “How can a green building
model be constructed?” students could consider the components of green
buildings, including energy efficiency, water efficiency, and waste reduction.
Students could design a green building to answer the investigation questions.
Hands-on activities would involve active learning that could increase students’
understanding. For example, if students used solar panels to generate electric-
ity for green buildings, they could show the energy changes. Therefore, stu-
dents’ understanding of science concepts could be strengthened. In a similar
way, Buber and Coban (2020) proposed an activity based on the integration
of modeling and science to answer a real-life question related to volcanism,
which is a continuously unobservable but important phenomenon for many
countries.

6.2 The Nature of Non-Investigable Questions

Non-investigable questions require answers in the form of basic information,
complex information, and philosophical or religious questions. Basic infor-
mation refers to essential information that must be known and can be easily
obtained. These criteria also parallel those identified by Prins (2020) who men-
tioned that non-investigable questions can be directly addressed using books
or online searches.. Singh et al. (2019) also offered a similar interpretation,
stipulating that non-investigable questions are too simple, specific, and incon-
sequential to be investigable. Complex information requires explanations that
are difficult to describe and sometimes beyond the ability of students to reflect
upon. Usually, this type of question starts with “how” and “why.”

Six questions needed basic information in order to be answered: “What
quantity of ice is needed to melt into 25 ml of water?”, “What is the function
of the esophagus?”, “What is the meaning of food digestion?”, “What are some
examples of polluted rivers in Malaysia?”, “What will happen to fish in a pol-
luted river?” and “Why can solar energy save electricity?” Students only need to
refer to one source, whether a textbook, reference book, search engine, or ask-
ing others and there is no debate on the solution. Six questions needed com-
plex information to be answered. Questions included: “Why can a woman’s
emotions interfere with her menstrual cycle?”, “Why does the menstrual cycle
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happen?” and “Why does heat cause ice to melt?” The relationship between
a woman’s emotional state and the menstrual period can be challenging to
explain. Neither philosophical nor religious questions can be proven scientifi-
cally. These features involve a person’s belief system and are difficult to prove
using logic.

7 Conclusions and Implications

In this study, the IQFT protocol was developed as a way to support students
in formulating investigable questions. The IQFT protocol consisted of eight
steps: (i) choosing a question focus, (ii) introducing the rules for question-
ing, (iii) generating questions individually, (iv) listing all questions, (v) intro-
ducing a rubric for grading investigable questions, (vi) grading the questions,
(vii) arranging the investigable questions, and (viii) reflecting on and design-
ing the investigation. Although formulating investigable questions is difficult
and requires higher-order thinking skills, the key is practice using the 1QFT
protocol over time.

The findings of this study suggest that teachers need to provide many more
examples of investigable questions than non-investigable ones. Investigable
questions stimulate reasoning and critical thinking, prompting active cogni-
tive and physical engagement. If necessary, a list of sample questions can be
pasted in the lab or classroom so that students always remember these types
of questions. Despite the group activities provided to actively engage students,
some students still remained passive. For this reason, it is suggested teachers
should remind students that producing questions is a learning process and
that mistakes are not to be feared.

There were some limitations to this study. First, the sample size of 48 stu-
dents limits the generalizability of the results. It is also challenging to gauge
individual student improvement when class questions were viewed as a prior-
ity based on the SMART rubric. Additionally, the question focus was so general
that was not effective in stimulating students to produce questions that can
be investigated. Therefore, we would suggest that real-world examples and
current situations should be used to spark curiosity and interest in a topic.
Nevertheless, the 1QFT protocol offers a springboard for science teachers to
facilitate students’ generation of investigable questions. This in turn can be
used to design experiments or to implement the highest level of inquiry-based
science education: open inquiry.

This study contributes to existing literature and practice with particu-
lar regard to (a) guiding teachers on how to facilitate student questioning,
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(b) providing a deeper understanding of the types of questions that students
ask in science classrooms and how these questions contribute to their learning,
and (c) offering insights into student thinking processes and how they make
sense of science concepts. The study has particular relevance to the Malaysian
secondary school context, as it addresses a key criterion of the Ministry of
Education’s curriculum — the development of questioning and critical think-
ing skills — and offers a clear strategy for training students to ask questions.

Abbreviations
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Acknowledgements

The authors would like to express our sincere gratitude to the first author’s stu-
dents who willingly participated in the study. Their dedication and hard work
have provided valuable insights that greatly contributed to the development of
the questioning protocol.

Ethical Consideration

Approval to conduct this study was granted by the Ethics Review Committee of
the Educational Policy Planning and Research Division, Ministry of Education
Malaysia (KPM.600-3/2/3-eras(7416)). The data collected from this study were
obtained with the necessary clearance from the partner school, guardians, and
the students involved in the study.

About the Authors

Norsyazwani Muhamad Dah is a PhD Student in the Department of Chemistry,
Faculty of Science and Mathematics, Sultan Idris Education University, Perak,
Malaysia. She holds a Master’s Degree in Science (Chemistry) from Universiti
Kebangsaan Malaysia and a Bachelor of Science Education (Chemistry) from
Sultan Idris Education University. Her PhD study research focuses on enhancing

Downloaded from Brill.com 10/09/2024 08:19:03AM
vig Open Access. This is an open access article distributed under the terms
9 4‘% of the CC BY 4.0

https://creativecommons.org/licenses/by/4.0/

ASIA-PACIFIC SCIENCE EDUCATION 9 (2023)

1S€.



https://creativecommons.org/licenses/by/4.0/

38 DAH ET AL.

computational thinking skills utilizing among chemistry teachers, using par-
ticipatory action research methodology. She was appointed as the Head Coach
of the Inquiry-based Science Education program for the Negeri Sembilan state,
and is also involved with the teacher ambassador program organized by the
Petronas Foundation and the Ministry of Education Malaysia. Norsyazwani
is passionate about science teaching and enthusiastic about assisting her col-
leagues in enhancing their science teaching practices.

Mohd Syafiq Aiman Mat Noor is a Research Fellow in Science Education at
Sultan Hassanal Bolkiah Institute of Education, Universiti Brunei Darussalam.
He received his PhD in Science Education from University College London,
United Kingdom, and has previously worked on several research projects in
the United Kingdom. He has extensive experience in developing science and
STEM curriculum, with research interests in science and climate change cur-
riculum development, pedagogy and assessment, particularly the pedagogical
approach of inquiry-based science education. Mohd Syafiq is passionate about
integrating research and classroom practices, and promoting teachers’ engage-
ment with research, and inculcating a research culture in schools to advocate
change and to bridge the gap between research and practice.

Muhammad Zulfadhli Kamarudin is a Master’s student in the Faculty of
Human Development, Sultan Idris Education University, Malaysia. He holds a
Bachelor of Teaching (Hons) Science in Primary Education from the Institute
of Teacher Education, Technical Education Campus. Currently he is pursuing
a Master of Education degree with a focus on digital inquiry-based science
learning in primary schools. Zulfadhli is a coach for the Inquiry-based Science
Education program in the state of Malacca. He is also an active participant in
the Apple Teacher and YouTube Partner programs, demonstrating his commit-
ment to staying current with the latest developments in technology and educa-
tion. In recognition of his dedication and innovative approach to teaching and
learning for the 21st century, he received the ‘Edufluencer’ recognition from
the Education Performance and Delivery Unit, Ministry of Education Malaysia
in 2019.

Mohd Mokhzani Ibrahim is a Senior Lecturer in the Department of Chemistry,
Faculty of Science and Mathematics, Sultan Idris Education University,
Perak, Malaysia. He received his PhD in Chemistry Education from Universiti
Teknologi Malaysia. His expertise lies in the development of models and
modules for the 21st-century learning approach, particularly the blended
problem-based learning approach. He was involved in various research grants,
including the development of educational modules and the development of

Downloaded from Brill.com 10/09/2024 08:19:03AM

ASIA-PACIFIC SGIENCEE TUd TION"9'( 02%)“‘“21 et the terms

3Y 4.0 license.

https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

STUDENT QUESTIONING IN THE MALAYSIAN SCIENCE CLASSROOM 39

green chemistry instrument for secondary school students. Mohd Mokhzani
has also published several articles in peer-reviewed publications and he
actively seeks opportunities to support and mentor his colleagues. He is com-
mitted to improving science teaching practices, fostering collaboration, and
promoting excellence within the academic community.

References

Adler, I, Zion, M., & Rimerman-shmueli, E. (2019). Fostering teachers’ reflections
on the dynamic characteristics of open inquiry through metacognitive prompts.
Journal of Science Teacher Education, 30(7), 763—787. https://doi.org/10.1080/10465
60X.2019.1627060.

Aflalo, E. (2021). Students generating questions as a way of learning. Active Learning in
Higher Education, 22(1), 63—75. https://doi.org/10.1177/1469787418769120.

Areepattamannil, S., Cairns, D., & Dickson, M. (2020). Teacher-directed versus inquiry-
based science instruction: Investigating links to adolescent students’ science dis-
positions across 66 countries. Journal of Science Teacher Education, 31(6), 675-704.
https://doi.org/10.1080/1046560X.2020.1753309.

Aziza, M. (2018). An analysis of a teacher’s questioning related to students’ responses
and mathematical creativity in an elementary school in the UK. International
Electronic Journal of Elementary Education, 10(4), 475-487. https://doi.org/10.26822
[iejee.2018438138.

Baumgartner, E., Bell, P.,, Brophy, S., Hoadley, C., Hsi, S., Joseph, D., Orrill, C., Puntambekar,
S., Sandoval, W,, & Tabak, I. (2003). Design-based research: An emerging paradigm
for educational inquiry. Educational Researcher, 32(1), 5-8. https://doi.org/10.3102
/0013189X032001005,

Blonder, R., Rap, S., Mamlok-Naaman, R., & Hofstein, A. (2015). Questioning behavior
of students in the inquiry chemistry laboratory: Differences between sectors and
genders in the Israeli context. International Journal of Science and Mathematics
Education, 13(4), 705-732. https://doi.org/10.1007/s10763-014-9580-7.

Brown, P, Friedrichsen, P., & Abell, S. (2013). The development of prospective sec-
ondary biology teachers pcK. Journal of Science Teacher Education, 24(1), 133-155.
https://doi.org/10.1007/s10972-012-9312-1.

Brown, G., Leonard, C., & Arthur-Kelly, M. (2016). Writing SMARTER goals for profes-
sional learning and improving classroom practices. Reflective Practice, 17(5), 621-635.
https://doi.org/10.1080/14623943.2016.1187120.

Buber, A., & Coban, G. U. (2020). From modeling to STEM: A predictor activity of volca-
nic eruption. Science Activities, 57(3), 111—121. https://doi.org/10.1080/00368121.2020
1814193.

Downloaded from Brill.com 10/09/2024 08:19:03AM

ASIA-PACIFIC SCIENCE EDUCATION 9 (2023) 9-43"

n Access. This is an open access article distributed under the terms
of the CC BY

https://creativecommons.org/licenses/b:

01



https://creativecommons.org/licenses/by/4.0/

40 DAH ET AL.

Buczynski, S., & Hansen, C. B. (2010). Impact of professional development on teacher
practice: Uncovering connections. Teaching and Teacher Education, 26(3), 599-607.
https://doi.org/10.1016 /j.tate.2009.09.006.

Cardoso, M. J., & Almeida, P. A. (2014). Fostering Student Questioning in the Study
of Photossyntesis. Procedia- Social and Behavioral Sciences, 116, 3776—3780. https://
doi.org/10.1016/j.sbspro.2014.01.840.

Carli, M., Fiorese, A., Pantano, O. (2022). Developing children’s questioning skills for
inquiry in STEM. In K. J. Murcia, C. Campbell, M. M. Joubert, & S. Wilson (Eds),
Children’s creative inquiry in STEM (pp. 65-84). Springer International Publishing.
https://doi.org/10.1007/978-3-030-94724-8_4.

Chen, Y.-C., Hand, B., & Norton-Meier, L. (2017). Teacher roles of questioning in early
elementary science classrooms: A framework promoting student cognitive com-
plexities in argumentation. Research in Science Education, 47(2), 373—405. https://
doi.org/10.1007/s11165-015-9506-6.

Chin, C. (2002). Open investigations in science: Posing problems and asking investiga-
tive questions. Teaching and Learning, 23(2), 155-166.

Chin, C., & Kayalvizhi, G. (2002). Posing problems for open investigations: What
questions do pupils ask? Research in Science and Technological Educations, 20(2),
269-287. https://doi.org/10.1080/0263514022000030499.

Chin, C., & Osborne, J. (2008). Students’ questions: A potential resource for teaching
and learning science. Studies in Science Education, 44(1), 1-39. http://dx.doi.org
/10.1080/03057260701828101.

Crawford, B. A. (2014). From inquiry to scientific practices in the science classroom.
In N. G. Lederman & S. K. Abell (Eds), Handbook of research on science education
(pp- 515—-541). Routledge.

Erumit, B. A,, Fouad, K. E., & Akerson, V. L. (2019). How do learner-directed scientific
investigations influence students’ questioning and their nature of science concep-
tions? International Journal of Education in Mathematics, Science and Technology,
7(1), 20—31. https://doi.org/10.18404/ijemst.509246.

Gerhatova, Z., Perichta, P., Drienovsky, M., & Palcut, M. (2021). Temperature measure-
ment — inquiry-based learning activities for third graders. Education Sciences, 11(9).
https://doi.org/10.3390/educscinogos06.

Gillies, R. M., Nichols, K., Burgh, G., & Haynes, M. (2014). Primary students’ scien-
tific reasoning and discourse during cooperative inquiry-based science activities.
International Journal of Educational Research, 63, 127-140. https://doi.org/10.1016
[jijer.2013.01.001.

Hall, T. (2020). Bridging practice and theory: The emerging potential of design-based
research (DBR) for digital innovation in education. Education Research and

Perspectives, 47, 157-173.

Downloaded from Brill.com 10/09/2024 08:19:03A
ASIA-PACIFIC SCIENCE EDUCATION §'(2025) 9244 " ™

https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

STUDENT QUESTIONING IN THE MALAYSIAN SCIENCE CLASSROOM 41

Hassan, N. M., Noor, N. A. N. F. M., Thasarathan, Y., Zainudin, Q. N., Zainuri, N. S. A,
Rizuaden, N. R. N. M,, Fauzi, N. A. M., Tumin, N., & Jefri, N. A. S. M. (2021). Perspektif
Guru Terhadap Kemahiran Berfikir Aras Tinggi dalam Kalangan Pelajar [Teachers’
perspectives on higher order thinking skills among students]. Journal of Humanities
and Social Sciences, 3(2), 50—56. https://doi.org/10.36079/lamintang.jhass-0302.237.

Herr, K., & Anderson, G. L. (2015). The action research dissertation: A guide for students
and faculty (Second Ed). SAGE Publications, Inc.

Herranen, J., & Aksela, M. (2019). Student-question-based inquiry in science educa-
tion. Studies in Science Education, 55(1), 1-36. https://doi.org/10.1080/03057267.2019
1658059.

Hinampas, R. T., Murillo, C. R,, Tan, D. A., & Layosa, R. U. (2018). Blended learning
approach: Effect on students’ academic achievement and practical skills in science
laboratories. International Journal of Scientific and Technology Research, 7(11), 63—69.

Kaanklao, N., & Suwathanpornkul, I. (2018). Development of the learning manage-
ment process to enhance the chemistry achievement and conceptual comprehen-
sion on organic chemistry using the Posner’s approach with design-based research.
Kasetsart Journal of Social Sciences, 41(2), 282—288. https://doi.org/https://doi.org
/10.1016/j.kjss.2018.07.016.

Kademian, S. M., & Davis, E. A. (2018). Supporting beginning teacher planning of
investigation-based science discussions. Journal of Science Teacher Education, 29(8),
712—740. https://doi.org/10.1080/1046560X.2018.1504266.

Kamarudin, M. Z., Mat Noor, M. S. A, & Omar, R. (2022). A scoping review of the effects
of a technology-integrated, inquiry-based approach on primary pupils’ learning in
science. Research in Science & Technological Education, 1—20. https://doi.org/10.1080
/02635143.2022.2138847.

Kauble, C. A. (2om). Oil spill cleanup. Science Activities, 48(1), 9-12. https://doi.org
/10.1080/00368121.2010.504973.

Klosterman, M. L., Chrispeels, H. E., Reagan, B. R., Lundy; S. R., Browne, C. L., & Muday,
G. K. (2014). That’s a tomato? Using a familiar food to explore genetic variation.
Science Activities, 51(1), 1-16. https://doi.org/10.1080/00368121.2013.856837.

Laskowski, J., Gillespie, C., Corral, L., Oden, A., Fricke, K., & Fontaine, J. J. (2016).
Teaching animal habitat selection using wildlife tracking equipment. Science
Activities, 53(4), 147-154. https://doi.org/10.1080/00368121.2016.1211080.

Mabhaya, E., Tippins, D. J., Mueller, M. P., & Thomson, N. (2015). Infectious disinfec-
tion: Exploring global water quality. Science Activities, 46(2), 25—32. https://doi.org
/10.3200/SATS.46.2.25-32.

Mat Noor, M. S. A. (2021). Assessing secondary students’ scientific literacy: A com-
parative study of suburban schools in England and Malaysia. Science Education
International, 32(4), 343—352. https://doi.org/10.33828/sei.v32.i4.9.

Downloaded from Brill.com 10/09/2024 08:19:03A
n Access. This is an open access article distributed under the terms
of the CCBY 4.01

https://creativecommons.org/licenses/by/4.0/

ASIA-PACIFIC SCIENCE EDUCATION 9 (2023) 9-43"



https://creativecommons.org/licenses/by/4.0/

42 DAH ET AL.

Ministry of Education Malaysia [MOE]. (2013). Malaysia education blueprint 2013—
2025. Ministry of Education Malaysia.

Ministry of Education Malaysia [MOE]. (2016). The standards-based curriculum for
secondary schools science form 2 curriculum and assessment standards document.
Curriculum Development Division, Ministry of Education Malaysia.

Muhamad Dah, N., & Mat Noor, M. S. A. (2021). Facilitating pupils’ questioning skills
in open inquiry learning through an investigable question formulation technique
(1QFT). Journal of Mathematics and Science Teacher, 1(2). emooos. https://doi.org
/10.29333/mathsciteacher/11283.

Nesbit, C. R., Hargrove, T. Y., Harrelson, L., & Maxey, B. (2004). Implementing sci-
ence notebooks in the primary grades. Science Activities, 40(4), 21—29. https://doi
.0rg/10.3200/sats.40.4.21-29.

Nichols, K., Burgh, G., & Kennedy, C. (2017). Comparing two inquiry professional
development interventions in science on primary students’ questioning and other
inquiry behaviours. Research in Science Education, 47, 1—24. https://doi.org/10.1007
[s11165-015-9487-5.

O'Neill, D. K,, & Polman, J. L. (2004). Why educate “little scientists?” examining
the potential of practice-based scientific literacy. Journal of Research in Science
Teaching, 41(3), 234—266. https://doi.org/10.1002/tea.20001.

Prins, A. (2020). Closing the gap: encouraging foundation year students to ask test-
able scientific questions through a mini project. Journal of Middlesex Education
Students, 1,18—29.

Rillero, P,, Thibault, M., Merritt, J., & Jimenez-silva, M. (2018). Bears in a boat: Science
content and language development through a problem-based learning experience.
Science Activities, 55(1—2), 28—33. https://doi.org/10.1080/00368121.2017.1406323.

Rop, C. J. (2020). The meaning of student inquiry questions: A teacher’s beliefs and
responses. International Journal of Science Education, 24(7), 717—736. https://doi
.0rg/10.1080/09500690110095294.

Rothstein, D., & Santana, L. (2017). Make just one change: Teach students to ask their own
questions. Harvard Education Press.

Roth, W, & Roychoudhury, A. (1993). The development of science process skills in
authentic contexts. Journal of Research in Science Teaching, 30(2), 127-152. https://
doi.org/10.1002/tea.3660300203.

Schnittka, C., Bell, R., & Richards, L. (2010). Save the penguins: Teaching the science of
heat transfer through engineering design. Science Scope, 34(3), 82—91.

Sharkaway, A. (2010). A quest to improve. Science and Children, 48(4), 32-35.

Shodell, M. (1995). The question-driven classroom: Student questions as course cur-
riculum in biology. The American Biology Teacher, 57(5), 278—281.

Singh, G., Shaikh, R., & Haydock, K. (2019). Understanding student questioning. Cultural
Studies of Science Education, 14, 643—697. https://doi.org/10.1007/s11422-018-9866-0.

Downloaded from Brill.com 10/09/2024 08:19:03A
ASIA-PACIFIC SCIENCE EDUCATION §'(2025) 9244 " ™

https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

STUDENT QUESTIONING IN THE MALAYSIAN SCIENCE CLASSROOM 43

Stokhof, H., de Vries, B., Bastiaens, T., & Martens, R. (2019). Mind map our way into
effective student questioning: A principle-based scenario. Research in Science
Education, 49, 347—-369. https://doi.org/10.1007/s11165-017-9625-3.

Stokhof, H., de Vries, B., Bastiaens, T., & Martens, R. (2020). Using mind maps to make
student questioning effective: Learning outcomes of a principle-based scenario
for teacher guidance. Research in Science Education, 50(1), 203—225. https://doi.org
/10.1007/s11165-017-9686-3.

Symington, D. ]. (1980). Scientific problems seen by primary school pupils. Monash
University, Australia.

Tseng, C., Chen, S. B. S. B., & Chang, W. H. (2015). Generating testable questions in
the science classroom: The BDC model. American Biology Teacher, 77(3), 166-169.
https://doi.org/10.1525/abt.2015.77.3.3.

van Zee, E. H., Iwasyk, M., van Zee, E. H., Wild, ], Kurose, A., & Simpson, D. (2001).
Student and teacher questioning during conversations about science. Journal of
Research in Science Teaching, 38(2), 159-190.

Vowell, J., & Phillips, M. (2015). All aboard! The Polar Express is traveling to science —
Understanding the states of matter while differentiating instruction for young
learners. Science Activities, 52(1), 1-8. https://doi.org/10.1080/00368121.2014.986039.

Webb, P. (2010). Science education and literacy: Imperatives for the developed and
developing world. Science, 328, 448—451.

West, A. B., Sickel, A. J., & Cribbs, J. D. (2015). The science of solubility: Using reverse
engineering to brew a perfect cup of coffee. Science Activities: Classroom Projects
and Curriculum Ideas, 52(3), 65—73. https://doi.org/10.1080/00368121.2015.1068734.

Yin Peen, T., & Yusof Arshad, M. (2014). Teacher and student questions: A case study
in Malaysian secondary school problem-based learning. Asian Social Science, 10(4),
174—182. https://doi.org/10.5539/ass.viongpiz4.

Zydney, J. M., & Grincewicz, A. (20o11). The use of video cases in a multimedia learn-
ing environment for facilitating high school students’ inquiry into a problem from
varying perspectives. Journal of Science Education and Technology, 20(6), 715—-728.
https://doi.org/10.1007/510956-010-9264-1.

Download
n Access. This is an open access article distribu 1d
of the CC BY

https://creativecommons.org/licenses/by/4.0/

ASIA-PACIFIC SCIENCE EDUCATION 9 (2023) 9-43"



https://creativecommons.org/licenses/by/4.0/



