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Abstract: The success of students in dealing with the globalization era of scientific literacy
needs to be supported by practising skills, one of the skills that must be mastered by
students in the science process skills and scientific questioning skills. This study aims to
determine the implementation of the question webs based learning model of learning to
improve science process skills and scientific questioning skills in grade X students at SMAN
1 Darul Imarah using a quasi-experimental method with nonequivalent control group
design. The samples were taken by purposive sampling technique which was then divided
into experimental and control groups. The data were collected from pretest and posttest
scores which were then tested based on N-gain values. The results showed that the score
of science process skills and scientific questioning skills of experimental class students
obtained higher mean scores than control class mean scores. Statistically, it can be seen
that testing the results of tests using the t-test 4.507 for science process skills and 29.79
for scientific questioning skills with a significant difference. The conclusion of this study
shows that the question web-based learning model improve science process skills and
scientific questioning skills compared to conventional models.
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Introduction

Physics is one of the Natural Sciences branches that intends to develop student’s skill and
ability on a certain concept, principle in addition to conceptual understanding. It also allows students
to be able to conduct an observation based on a scientific experiment. A learning activity that is
based on the experimental procedures aims at preparing students to deal with current globalization
changing in the context of education (Nasir et al., 2019). Students are expected to be able to develop
their abilities and skills through experimental activities (Yumusak, 2016). It is in line with the purpose
of Physics lesson, within an aspect of scientific literacy, that students are demanded to be able to
improve their abilities through observation and experimental activities (Kizilaslan, 2019).

During Physics lesson activities, students must be able to develop and improve the ability of
science process skills and scientific questioning skills. In recent times, Physics lesson is one of the
lessons within the discipline of science that takes a role as a primary lesson in the context of educa-
tion which demands teacher to train science process skills among students (Muhlisin et al., 2019).
Science process skills enable the integration of student’s initial ability through questioning with the
acquired process skills (Ping et al., 2019). Science process skills are also important for developing
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basic thinking skills (Tilakaratne & Ekanayake, 2017). Furthermore, students are also demanded to be
able to develop their scientific questioning skills; a questioning skill that is able to be answered
through experimental activities and factual reasoning. Therefore, science process skills strongly
depend on the student’s scientific questioning (Evendi, Susantini, Wasis, et al., 2018). Science process
skills combined with scientific questioning skills in the learning process along with a concrete
example allow students to be able to understand complex and abstract concepts (Af’'idayani et al.,
2018).

However, thus far, the learning process did not maximally train student’s science process skills
and scientific questioning skills. It is further supported by the results of observation conducted on
SMAN 1 Darul Imarah. Based on the observation, it obtained a report that the average score of final
semester examination was categorized as low skills domain, only 40% from the minimum standard of
mastery (75). Recently, physics lesson remains focused on the teacher (teacher-centred learning)
through conventional topic delivery; teacher explains the lesson in front of the classroom and
students pay attention to the explanation and note what the teacher said. Unfortunately, this
conventional learning does not enable the teacher to give a problem related to the real-life context.
Consequently, students are difficult to understand and master the physics topic they learnt.

During the process of learning activities, students were only given two chances for asking
questions. Furthermore, the questions proposed by the students were not a scientific question.
Therefore, the conventional learning process did not provide students with a chance to develop
science process skills and did not offer them direct experience in learning. Hence, this condition
influenced students’ learning outcomes. It was further proven by the Physics score of national exami-
nation (UN) obtained by students from the three last years: 41.92, 43.21, and 41.50 (Puspendik,
2019). Based on this condition, it is important to seek a possible solution. Based on the score of UN
obtained by students during 2018/2019 academic year, the average score of mechanics topic (one of
the topics was simple harmonic motion) was 26.67. The average score obtained was lower than the
overall score of UN which was around 41.50 (Puspendik, 2019). According to the interview with
physics teacher in the observed school, it was obtained that the average score of daily tests was 47.8.
It further confirmed that the mastery standard obtained according to the minimum mastery standard
was 48% and is classified as low. The low results of learning outcomes were due to student’s
difficulty in understanding the abstract concept within physics lesson.

A physic lesson in school, particularly in high school, still employ conventional learning
approach that focuses on achieving the score as learning outcomes instead of a comprehensive
understanding of the topics. Besides, numerous teachers in the school are unable to utilize current
technology to be integrated into the learning process. Thus, the learning process is less interactive
and communicative in transferring knowledge to students and consequently, students have less
ability in terms of questioning ability or even they are discouraged to ask for a question. Hutahaean
et al. (2017) also reports that when physics lesson still uses conventional learning strategy, it only
focuses on how the students memorize the formulas physics theory and how they accomplish the
assighnments from the teacher. Students tend to be difficult to understand the concepts of physics
which most of them are abstract. Therefore, it completely ignores cognitive learning outcomes and
ability acquired by students (Pratiwi et al., 2019).

The possible alternative that can be taken to resolve the current issues and to develop science
process skills and scientific questioning skills of students is by applying an innovative learning
strategy which consists of approaches, methods, and models that can improve students’ ability.
According to Nasir et al. (2019), to improve competency and balance between attitude, abilities, and
knowledge, it requires a learning plan that does not only facilitate students to improve the
understanding of lesson topic but also accommodates students’ ability in learning. To improve
science process skills and scientific questioning skills among students, teachers are able to encourage
the active involvement of students and provide them with direct experience. Teachers are able to
implement a certain method, model, and approach that focuses on students or commonly known as
a student-centered learning strategy (Duda et al.,, 2019). One of the possible innovative learning
models to improve science process skills and scientific questioning skills in the classroom is by
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implementing question webs-based learning (QWBL). This learning model was applied by Evendi et
al. (2018). According to the results obtained, the model is effective to improve science process skills
and scientific questioning skills of students in the classroom.

QWSBL learning model consists of five phases as follows: (1) problem identification and purpose
elaboration; (2) information delivery and arranging question webs; (3) conducting a discussion on the
scientific question; (4) performing an appreciation and reflection; and (5) conducting an evaluation
(Evendi, Susantini, Wasis, et al., 2018). Each phase done within QWBL is supported by the recent
theoretical and empirical foundation. In addition, the model enables students to directly involved
during the learning process and thus it creates a constructive learning process which does not rely on
memorizing-encouraging students to think and express their ideas. The QWBL learning model is also
appropriate to be applied to the Simple Harmonic Motion topic. During the lesson of Simple
Harmonic Motion, students are invited to observe, formulate a hypothesis, conduct an experiment,
and draw a conclusion. In addition, the students are invited to arrange scientific questions which are
proven by having an experiment and observation to improve their ability and active involvement
through a discussion to solve the problem related to Physics concept. Therefore, the implementation
of QWBL in the learning process allows students to acquire direct experience which improves their
understanding of concepts, principles, and facts as well as improving science process skills and
scientific questioning skills.

Based on the explanation above, this research intended to identify and observe the imple-
mentation of QWBL learning model to improve senior high school student’s science process skills and
scientific questioning skills on Simple Harmonic Motion topic. In addition, this learning model allows
students to acquire a comprehensive understanding of the relationship between Physics concept and
the real-life phenomena.

Method

This research employed a quasi-experimental procedure with non-equivalent control group
design approach. The design of this research is presented in Table 1.

Table 1. Research Design

Nonequivalent Control Group Design

0 X1 02
01 X2 02

Remarks:

O1: Control and Experimental Classes Pre-test
02: Control and Experimental Classes Post-test
X1: Experimental Classes Treatment

X2: Control Classes Treatment

This research took two classes: an experimental class which taught by having QWBL learning
model and control class which taught by conventional lecturing learning model. The population of
this research was the entire tenth graders of SMAN 1 Darul Imarah which consisted of four classes
with the total students of 140. To determine the sample of the research, it employed purposive
sampling technique which was according to the homogenous score of final exam from the entire
population and it took into account the consideration of Physics teachers in the school. According to
the consideration, this research took two classes as the research subject; the experimental class
consisting of 31 students and the control classes consisting of 30 students.

This research used the science process skills test consisting of 20 items (10 items of multiple
choice and 10 items of the essay) and scientific questioning skills test consisting of 10 items as the
research instrument. The test instruments were based on the indicator of science process skill
according to (Nur, 2011) and the indicator of scientific questioning skills according to Evendi,
Susantini, and Wasis (2018). The instruments have been valid and reliable with Cronbach’s alpha test
of 0.86 for science process skills instrument and 0.9 for scientific questioning skills. The tests were
given to the students of both experimental and control classes twice. The first test was given before
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the learning took place-students were given a pre-test. The second test was given after the learning
took place-students were given a post-test. This research was conducted on three sessions of the
meeting. Each session was conducted 135 minutes. The data obtained regarding the difference of
test score between experimental and control classes were observed based on N-gain and hypothesis
testing with t-test. Before administering t-test, the data were assessed whether the data were
normally distributed or not. It employed a normality testing through Kolmogorov-Smirnov and
homogeneity testing through Lavene test. The entire tests performed in this research were done by
using statistical software called statistical package for the social sciences (SPSS) for windows version
20.

Results and Discussion

According to the normality testing, the significance values of both pre-test and post-test of
science process skill were higher than alpha=0.05. This number further indicated that the data were
normally distributed (pre-test=0.693 and 0.272 for experimental and control classes; post-test=0.123
and 0.200 for experimental and control classes). The significance values of the pre-test and post-test
of scientific questioning skills were higher than alpha-0.05. This further indicated that the data were
normally distributed (pre-test=0.245 and 0.129 for experimental and control classes; post-test=0.447
and 0.230 for experimental and control classes). The results of the homogeneity test from Lavene
test confirmed that the data of pre-test and post-test of science process skills were homogeneous
with the significance values of 0.546 (pre-test) and 0.817 (post-test). Then, the results of the
homogeneity test from Lavene test confirmed that the data of pre-test and post-test of science
process skills were homogeneous with the significance values of 0.198 (pre-test) and 0.758 (post-
test). Based on the results obtained, it was further concluded that the data regarding science process
skills and scientific questioning skills were normally distributed and homogenous.

The Description of Science Process Skills Improvement
The Analysis of Science Process Skills Results

Science Process Skills in this research were measured based on the indicator suggested by Nur
(2011), i.e: formulating a problem, formulating a hypothesis, identifying a variable, defining a vari-
able, conducting an experiment, collecting data, and drawing a conclusion. The measurement of
students’ science process skills was performed twice; by administering pre-test and post-test to both
classes. The analysis of science process skills briefly presented in the Table 2.

Table 2. The Analysis of Science Process Skills Improvement

The average score of science process skills (%)

Class Pretest Posttest N-gain Category
Control 6,16 13,56 0,52 Moderate
Experimental 6,29 16,32 0,73 High

According to Table 2, the average score of the science process skills of students increased. This
further confirms that the science process skills in both classes increased. However, based on the
findings, the experimental class acquired higher science process skills improvement than the control
classes. Therefore, the QWBL learning model is better to be applied during the learning process than
the conventional lecturing learning model.

Statistical Testing on The Improvement of Science Process Skills

The difference in students’ science process skills between experimental and control classes
could be identified by using t-test. The results of t-test on the improvement of science process skills
are presented in the Table 3.

Table 3 indicates that the score obtained from two tests performed in both classes was
sig.>0.05. This further indicates that both data were normally distributed and homogenous. Then, the
hypothesis testing obtained was tcount>tiabie. It further confirms that between the experimental class
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and control class there was a significant difference. The significant difference obtained was the
improvement of science process skills acquired by the students on the experimental classes who
were taught by the QWBL learning model. The results were higher than the control class who were
taught by conventional lecturing model. A research conducted by Rismawati et al. (2017) has report-
ed that the average score of science process skills obtained by students in the control class is lower
than the experimental class. It was due to the learning model implemented by the teacher during the
learning process which did not focus on the development of science process skills of students, for
example, a conventional lecturing model. Furthermore, it is supported by the research of Silaban and
Simajuntak (2017), that the score of science process skills improved after the teacher implemented
experimental-based learning model which allows students improve the acquired abilities and obtains
direct experience. Then, Sari et al. (2018) also obtained an identical result: the students’ science
process skills of the experimental class was higher than the control class since the students were
demanded to learn actively. The students were able to acquire a better conceptual understanding
from direct experience through experimental-based learning. Furthermore, it is supported by the
research results of Duda et al. (2019) that the science process skills are able to be taught by using
experimental-based learning method that facilitates and accommodated a collaboration among
students. Based on the explanation above, it further signifies that QWBL learning model is one of the
alternative strategies which within its learning process demands students to perform an experiment
and answer a scientific question.

Table 3. The Hypothesis Testing Results on The Improvement of Science Process Skills

i i T-test***
Class Science Process Skills Normality* Homogeneity** ——— Conclusion
Score teount ttable
Control 13,56 0,272 0,271 4,50 1,69 Significant
Experimental 16,32 0,693 Difference

Remarks:

*): Normality Test, Lecount < Ltable (data was normal)

**): Homogeneity Test, Leount < Ltable (data was homogenous)
*EX): t-test, teount> trable (significant difference)

The QWBL model accommodates the improvement of students’ science process skills that is
established according to the concepts and questions which are arranged and learnt (Evendi,
Susantini, Wasis, et al., 2018). Every single phase of the QWBL model allows students to actively and
logically think. The third phase, conducting a discussion on scientific questions, demands students to
find proof from each scientific question through experiment. This is in line with the curriculum of
Science and Technology that emphasizes science process skill as the important element within
Science Education since it involves logical thinking abilities such as variable identification, formulating
a hypothesis, defining element operationally, conducting an experiment, generating graph and data
interpretation (Karsli & Ayas, 2014). Furthermore, the research results obtained by (Yumusak, 2016)
reported that the learning model which involves an experimental procedure and offers an opportu-
nity to students to formulate the problems is able to improve science process skills of students.
Moreover, the research conducted by Hodosyova et al. (2015) revealed that the students are
demanded to acquire science process skills, thus it requires collaboration among Science teachers in
school. It is in line with the research results reported by Tilakaratne and Ekanayake (2017) which
revealed that science process skills of students could be improved when the teachers train the
abilities independently by applying learning model which employed science process skills approach.

In addition, Science education these days has been oriented to develop students’ critical think-
ing than only memorizing the science facts, one of them is process skill. Therefore, it could be
concluded that Science lesson should emphasize its assessment and evaluation on science process
skills aspect (Hussin, 2018). A practicum should be regularly conducted within Science lesson since it
allows students to develop their science process skills (Ningrum et al., 2019). It is further supported
by the research of Salamah and Mursal (2017) which reveal that the learning model which applies
experimental procedures could improve students’ process skill. According to the research results and
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supported by the previous studies, thus, the implementation of QWBL model within learning process
could improve students’ science process skills since it demands students to think and be proficient in
determining scientific question through the experimental procedure in each phase.

The Description of Scientific Questioning Skills Improvement
The Analysis of Scientific Questioning Skills Results

Within this research, two aspects of scientific questioning skills were measured; questions
based on quantity and quality. To measure the quality of scientific questioning skills, the students
were given a pre-test and posttest. The results of pretest and posttest are presented in the Table 4.

Table 4. The Analysis Test of Scientific Questioning Skills Results

Quality of Students' Answers

Tes
Class Highly N Moderately Less Not
Results Scientific Scientific Scientific Scientific Scientific
Control Pretest - 4 20 4 2
Posttest 1 9 20
Experimental Pretest - 5 21 3 2
Posttest 25 6 - - -

Table 4 presents the implementation results of the QWBL model on physics lesson. According
to Table 4, there is a significant improvement in the quality of scientific questioning in both classes.
However, the improvement of the experimental class is higher than the control class. These findings
further confirm that the QWBL model is better to provide an opportunity for students in improving
scientific questioning skills than the conventional lecturing method. The results of scientific question-
ing skills were measured by using N-gain and are presented in the Table 5.

Table 5. The Analysis of Scientific Questioning Skills Improvement

The Average Score of Scientific Questioning Skills (%)

Class Pretest Posttest N-gain Category
Experimental 19,06 35,54 0,78 High
Control 17,23 22,40 0,24 Low

According to Table 5, there is a difference in the average score on scientific questioning skills
and overall the results indicate an improvement. These findings reveal that the scientific questioning
skills in both classes increased. However, the improvement of scientific questioning skills in the
experimental class is higher than the control class. Furthermore, after implementing the QWBL
model in the learning process, the students are more active in involving the lesson, raising questions
particularly scientific questions. On the other hand, the students in the control class who were taught
by conventional lecturing model had no courage to raise a question.

The Hypothesis Testing on Scientific Questioning Skills

The difference in students’ scientific questioning skills between experimental and control
classes could be identified by using t-test. The results of t-test on the improvement of scientific
questioning skills are presented in the Table 6.

Table 6. Hypothesis Testing Results for Scientific Questioning Skills

Scientific Questioning T-test***

Class Skills Score Normality* Homogeneity** Tt taoe Conclusion
Control 22.40 0.245 0.56 29.74 1.96 Significant Difference
Experimental 35.54 0.447
Remarks:

*): Normality Test, Leount < Ltable (data was normal)
**): Homogeneity Test, Leount < Ltable (data was homogenous)
*EX): t-test, teount> trable (significant difference)
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Table 6 indicates that the score obtained from two tests performed in both classes was
sig.>0.05. This further indicates that both data were normally distributed and homogenous. Then, the
hypothesis testing obtained was teount>tiabie. It further confirms that between the experimental class
and control class there was a significant difference. The significant difference obtained was the
improvement of scientific questioning skills acquired by the students on the experimental classes
who were taught by the QWBL learning model. Furthermore, the improvement in the experimental
class is higher than the control class who applied conventional lecturing method. The involvement of
the student in the learning process is depended on the questions raised by the teacher in the class-
room. The questions raised by the teacher encourage students to develop the thinking process
(Davoudi & Sadeghi, 2015). The questions raised during the learning process will continuously deve-
lop into new questions. Through the questions, students will be able to improve their questioning
skills and develop their thinking abilities to solve problems.

A question related to Physics is important within Science class and plays a role as a channel to
improve student’s thinking abilities (Suprapto, 2014). A graduate competence standard on the
domain of abilities is also formulated by several aspects, including the aspect of questioning (Wakil
Menteri Bidang Pendidikan dan Kebudayaan Republik Indonesia & Paparan Wakil Menteri Pendidikan
Pendidikan dan Kebudayaan Republik Indonesia, 2004). Therefore, the development of a learning
strategy based on questioning skills must be performed to improve the abilities of students in raising
a question. Davoudi and Sadeghi (2015) state that there is a correlation between how a student
raises a question on the student’s conceptual understanding. Hence, the teacher needs to design a
learning strategy based on an experimental procedure that allows the student to raise a scientific
question and assist them to improve science literacy. It is also supported by Ping et al. (2019) arguing
that the learning strategy which all of students to raise questions and perform experimental
procedure influences students’ ability.

The Results of Quantity and Quality Analysis of Scientific Questioning Skills

Students' scientific questioning skills were also viewed based on quantity and assessed at each
meeting by the observer. The results of scientific questioning skills based on quantity are stated in
Table 7. The number of questions that arise from students for each meeting was different. The
results obtained indicate that students are very enthusiastic to ask questions but because of insuffi-
cient time, the teacher only allowed asking just a few students while other questions were discussed
outside of learning. The number of questions in the quantity and quality of the experimental class
and the control class also varies. The first meeting of the experimental class (RPP-1) was 13 questions
consisting of six highly scientific questions (46.16%), five scientific questions (38.46%), and three less
scientific (23.07%) and there were no questions which were not scientific. The teacher gave students
the opportunity to ask questions five times and the number of students who asked was 39 people.
The number of control class questions was 14 questions consisting of three highly scientific questions
(21.42%), four scientific (28.57%), and six less scientific (42.85%) and one question that was not
scientific.

Table 7. The Results of Quantity and Quality Analysis of Scientific Questioning Skills

Class Learning Quantity Quality
Process JSTT JSBT Highly Scientific Scientific Less Scientific Not Scientific
Control RPP-1 5 34 14 3 4 6 1
RPP-2 5 36 13 4 2 6 1
RPP-3 5 33 13 2 4 6 2
Experimental RPP-1 5 39 13 6 5 3 -
RPP-2 5 43 15 8 4 2 -
RPP-3 5 47 16 9 5 3 -
Remarks:

KBG= The Opportunity Given by Teachers
JSTT= Total Number of Students Raising Their Hands
JSBT= Total Number of Students Raising The Questions
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The teacher gave students the opportunity to ask questions five times and the number of
students who asked was 34 students. The control class students asked 13 questions consisting of four
highly scientific questions (30.76%), two scientific questions (15.38%), and six less scientific questions
(42.85%) and there was one very unscientific question. Furthermore, the teacher gave the opportu-
nity for all students to ask questions, as many as 36 students raised their hand.

The number of questions raised at the second and third meetings has increased. The second
meeting (RPP-2) was 15 questions consisting of eight highly scientific questions (53.33%), four scien-
tific questions (26.66%) and two less scientific questions (13.33%) and there were no unscientific
questions. The last meeting was the third (RPP-3) as many as 16 questions consisting of nine highly
scientific questions (56.25%), five scientific questions (31.25%) and one less scientific (6.25%) and
there were also no questions that were not scientific. The control class learning obtained the results
of 13 questions consisting of two very scientific questions (15.38%), four scientific questions
(30.76%), and six less scientific questions (42.85%) and two questions were very unscientific. The
teacher gave students the opportunity to ask questions five times and the number of students who
asked questions was 33. The scientific questioning skills possessed by students in the experimental
class increased in each meeting and were more active in asking questions. A similar study has also
been conducted by Evendi, Susantini, Wasis, et al. (2018), that students will continue to ask if they
are trained and taught by the QWBL model. The third and fourth phases in the QWBL model require
students to think in searching for answers to scientific questions because each indicator in a scientific
guestion contains facts or evidence that allows for research or experimentation and should not be
based on values or opinions (Evendi, Susantini, Wasis, et al., 2018).

The improvement of science process skills and scientific questioning skills are also supported
by learning outcomes that have improved after applying the QWBL model. According to Evendi,
Susantini, Wasis, et al. (2018) the QWBL model is also designed to see the extent to which students
succeed in learning in addition to improving science process skills and also scientific questioning
skills, not all questions have the same value. The cognitive level of a question is determined by its
type and from the answers needed (Chin & Osborne, 2008). For students asking their questions is the
first step to find a new concept or theory for which they are still doubtful. (Chin, 2007), also states
that there is a relationship between questions and learning outcomes with their conceptual under-
standing. Learner questions can help to monitor their questions, explore, scaffold ideas, direct
thoughts in a particular direction, and advance their understanding of scientific concepts and pheno-
mena. For teachers, these questions can be used as indicators of learning problems, and provide
diagnostic information about what is needed by students (Kruea-In et al., 2015).

The improvement of student learning outcomes in the experimental class was also caused by
the existence of an opportunity for students to develop the skills and knowledge they acquired.
Students can understand the concepts of Physics specifically about Simple Harmonic Motion. After
applying the model, students arere able to explain and understand and can analyze both the factors
or characteristics of Simple Harmonic Motion. Students are also able to determine the various
equations that exist in the material such as Hooke's law, period and frequency. Furthermore, it is also
influenced by the proper use of student’s worksheet, which guides students in the implementation of
teaching and learning processes by the steps of the learning model used (Irmi et al., 2019). The
results of the study (Nasir et al., 2019) also said that students are active and skilled in the classroom
and could activate knowledge by asking questions and conducting experiments.

The use of the QWBL learning model has a significant effect on science process skills, scientific
questioning skills and learning outcomes, compared to the conventional learning model. This is also
supported by positive responses given by students, therefore this study answer the research hypo-
thesis that the implementation of the QWBL model improves science process skills and scientific
questioning skills. Thus, it is clear that in managing good learning, it is not only teachers who try but
students have a very important role. Hence, the teacher and students have an interrelated relation-
ship with one another so that the methods, approaches and learning models applied by the teacher
can run well.
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The results of this study indicate that there is a relationship between students' questions and
conceptual understanding and skills since every question written requires students to know the
concepts being studied and proven based on experiments so as to increase the students' skills. It can
also be known based on the learning outcomes obtained after applying the QWBL model in the learn-
ing process, therefore teachers need to design experimental-based learning that provides opportuni-
ties for students to ask scientific questions that help them in understanding scientific literacy.
Learner questions help to monitor their questions, explore and scaffold ideas, direct thought in a
particular direction and advance their understanding of scientific concepts and phenomena. For
teachers, these questions can be used as indicators of student learning problems and provide
diagnostic information about what is needed by students. These questions can also be used for
lessons that involve class discussion, argumentation, investigation, problem-based learning, and
project work.

Conclusion

Based on the research conducted, it can be concluded that the application of the QWBL model
improves science process skills and scientific questioning skills of students. This paper suggests that
the teacher can apply the QWBL learning model by the subject matter taught because the model can
also be used for all subjects, not only Physics.
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