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The purpose of this research is to improve students' understanding and the ability
to perform scientific work through creative problem-solving learning with the
open-ended experiment approach to the separation of mixtures material using
online learning. The study used a quasi-experimental method with the
nonequivalent pretest-posttest control group research design. This study involved
72 students divided into two classes, 36 students in the control class and 36
students in the experimental class. Indicators of scientific work are formulating
problems, describing problems, designing investigations, conducting experiments,
processing data, and concluding. The results of the study showed an increase in the
students' ability to perform scientific work, obtaining N-Gain of 71%
(experimental class) and 48% (control class), as well as the value of tc,, = 8.807
indicating teune > twne- The percentage of students' scientific work in the
experimental class was in a very good category with 72%, while the control class
was 53%. Thus, creative problem-solving learning through the open-ended
experiment can improve students' understanding and scientific work.

Keywords: creative problem-solving learning, open-ended experiment, students'
scientific work, online learning

INTRODUCTION

Students' difficulty in understanding and developing concepts and theories in daily life
in the form of scientific work is one of the issues in chemistry learning. From the
interviews with the students, it is known that current scientific work activities are
teacher-centered, and the learning is still conventional. Thus, when scientific work is
done, students are only fixated with its instructions. They only followed the steps in the
instructions and applied instructions from the teacher. Students become passive and less-
stimulated in carrying out development through scientific work. As a result, students
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might not develop chemical concepts in daily life through scientific work. This fact is
reinforced by the survey data based on the value of the scientific work of students where
29% achieved a good category, 34% achieved medium category, and 37% achieved
poor category. It can be concluded that there is the potential for real problems in the
learning process that must be solved.

The learning process should not always be focused on the teacher, so that students can
develop their potential for knowledge of chemistry in daily life through scientific work.
Research conducted by Rebecca and Nsimeneabasi (2017) and Nurdeli et al. (2017)
argued that learning that only follows the teacher causes students to become passive, so
students cannot develop reasoning power to solve problems, this, of course, affects
process skills.

Therefore, learning activities must engage students and allow them to connect learning
to their daily lives. Developing chemical concepts in everyday life can stimulate
thinking and push students to solve difficulties. Novikasari (2009) argued that learning
activities necessitate students’ ability to handle problems in various ways in order to
develop intellectual potential and experience in the process of discovering something
new.

Aka et al., (2010); Kazembe and Methias (2010); and Kubiatko (2017) revealed that
learning with scientific work methods makes passive students active. Moreover, students
can develop their potential to solve problems with a variety of solutions and possible
correct answers through work, action, and thinking activities. Students might be more
flexible in looking for the right solution and actualize it through communicating the
results of the experiment from the initial step of observation to concluding, as well as
produce more meaningful knowledge.

Learning chemistry as a science is strongly linked to the development of knowledge and
skills through scientific work activities that may raise students’ enthusiasm in learning,
expand their knowledge, and improve their understanding, to make the learning process
easier for them (Ottander and Grelsson 2006; Farsakoglu et al., 2008; Akinbobola and
Afolabi. 2010). Scientific work can be done through independent activities or small
groups; it is generally done in laboratories but can also be done in an open space or
garden. (Rosmalinda, et al., 2013; Amna 2017).

Previous studies conducted by Risna et al., (2017); Cahaya et al., (2019); Adel and
Yousra (2020) regarding creative problem-solving learning based on scientific work
proved that it could increase student activity. Students can understand concepts to
achieve maximum learning outcomes and can develop thinking skills to solve problems.
Further studies by Chansyanah et al., (2018); Laura et al., (2019); and Reynders et al.,
(2019) concluded that scientific work could increase students' activeness, understanding,
and the ability to perform real scientific work, also encourage students' environmental
awareness as well as solve problems creatively.

Tina et al., (2013) suggested that an open-ended learning approach can help students to
solve problems. An open-ended approach is a learning that presents a problem that has
more than one correct method or solution for students who face a problem with a variety

International Journal of Instruction, October 2021 e Vol.14, No.4



Heliawati, Afakillah & Ppursitasari 323

of correct answers (Munroe, 2015; Bartholomew and Strimel, 2018). The open-ended
approach provides opportunities for students to analyze various strategies that are
believed to be in the ability to describe problems to foster originality of ideas (Martunis,
2014).

The subject matter discussed in this study is the separation of mixtures. The material,
including concepts and skills, is closely related to daily life. The importance of doing
scientific work on separation of mixture subject matter is to increase students'
enthusiasm since they are actively involved in constructing knowledge that impacts their
independence. Moreover, scientific work is essential in learning separation of mixture
for it can form scientific attitudes, for it can link learning with daily life in the real
world, provide opportunities to research which can encourage students to think
scientifically and rationally.

The internet is one of the media capable of providing information, which is not limited
by time and space to face technological advances. Effective use of technology is used in
the learning process (Tatyana et al., 2020). The internet has a vast network of various
fields, including education as a learning resource for students. Therefore, the addition of
learning resources is expected to increase student knowledge to be more comprehensive
and improve psychomotor through scientific work activities (Siti and Sufen, 2019). By
the studies of Diane et al., (2013) and Baker et al., (2016), using the internet as a
learning resource where students practice scientific skills. Thus, students can get the
maximum benefit both from the process and the results of learning.

It is required to produce learning that is capable of growing understanding and
developing students' scientific work skills in solving difficulties, which is creative
problem-solving learning through open-ended experimentation, as the result of the
problems outlined. The learning process centered on students accompanied by
strengthening skills in the inquiry process (Vidal, 2010; Ridong et al., 2017) can be a
guideline for developing creative thinking skills and helping students to be more
motivated in learning activities. Thus, the students are not only memorizing but also
understanding the concepts acquired that later benefit them. Moreover, learning using
scientific work can also increase scientific creativity in solving problems (Margaret et
al., 2015; Jalimah et al., 2019). Creative problem-solving learning is seen as being able
to solve problems creatively (Seechalio et al., 2011; Hobri et al., 2020), especially when
it is combined with the open-ended approach which has a significant effect on problems
solving with creative thinking skills (Noer, 2008). 2011; Lambertus et al., 2013).

Creative problem-solving learning combined with the open-ended approach that can
provide flexibility for students to explore problems in depth with creative solutions (Lim
et al., 2016), especially those related to scientific work which can be implemented in
daily life. Indicators of the ability to perform scientific work are formulating problems,
describing problems, designing investigations, conducting experiments, processing data,
and concluding (National Research Council, 2000). Thus, this study aims to improve the
understanding and scientific skills of Vocational High School students through creative
problem-solving learning on the separation of mixture subject matter with open-ended
experimentation through online learning. However, the extent of the learning process
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influence has on students, understanding, and level of scientific work cannot yet be
revealed. Therefore, the researcher considers it necessary to conduct creative problem-
solving learning research with open-ended experiments.

METHOD
Research Design

This study used a quasi-experimental method referring to Fraenkel and Norman (2007).
The design used in this study was a nonequivalent pretest-posttest control group design.
The design is described as follows :

Table 1
Research design

Pretest

Class Treatment Post-test
Experiment (o} X 0O,
Control 03 - O,

Fraenkel and Norman (2007)

Table 1 showed that the experimental group applied creative problem-solving learning
with open-ended experiment and the control group applied conventional learning. O
and O3 are two groups that are considered to have the same metacognitive ability and
were tested with a pretest. O, is the result of the experimental group, while O, is the
result of the control group.

This study involved two research groups which were given different treatment. The first
group is the experimental group which is given creative problem-solving learning
treatment with open-ended experiment, and the second group is the control group which
is given a conventional learning treatment model using lecture and assignment methods.
The independent variable in this study is creative problem-solving learning through
open experiments, while the dependent variable is the understanding and ability
students' ability to perform scientific work.

Participants

This research was carried out in the 2019/2020 academic year on mixed separation
material. The participants in this study were 10th graders of Industrial Mechanical
Engineering at SMKN 1 Waringinkurung, Serang Regency, Banten, Indonesia who
collected 72 students consisting of 2 classes. The sampling technique used is probability
sampling. Simple random sampling technique was used to determine the experimental
class and the control class. This is done because the population is considered
homogeneous by first doing the homogeneity test. So that Class 10 Industrial
Mechanical Engineering 1 with 36 students in the experimental class, and Class 10
Industrial Mechanical Engineering 2 with 36 students in the control class.

Instrument

Data were collected using two research instruments. The first instrument is essay
questions under the learning indicators to determine students' understanding. Before the
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use, validation was done by experts who are two competent lecturers and two chemistry
teachers who have five years of the learning experience. After that, the instrument was
used for the pretest and posttest for the experimental class and the control class.
Meanwhile, the second instrument is worksheets based on scientific work indicators
used to measure students' ability to perform scientific work. Indicators of scientific work
are formulating problems, describing problems, designing investigations, conducting
experiments, processing data, and concluding (National Research Council, 2000).
Creative problem-solving learning with open-ended experiments is hoped to increase
students' understanding and scientific work.

Data Analysis

The method of data collection the method of measuring student understanding through
pretest-posttest questions. Pretest questions are to determine the initial level of student
understanding, and posttest to see an increase in student understanding. The form of
questions used in the experimental class and the control class is the same. The obtained
data on the students' understanding was processed using the gain test <g>, which then
interpreted using the gain index criteria presented in Table 2.

Table 2

N-gain index criteria
Percentage of answer Criteria
g>70 High
30<g< 70 Medium
g< 30 Low

Hake (1998)

A hypothesis test was performed to strengthen the data analysis of student understanding
results using the t-test (independent t-test). The criteria used were if the value of teyn >
tane- This test began with tests of normality and homogeneity. The normality test was
done using Shapiro-Wilk with sig. > a (0=0.05) considered as normal data. Meanwhile,
the homogeneity test was performed using the Levene Test (Test of Homogeneity of
Variances) with Sig. > o (a = 0.05) the variance data of the experimental and control
group considered as homogeneous.

Scientific worksheets were used to obtain data on students' ability in conducting
scientific work. During the learning process, was carried out assessment of aspects of a
scientific worksheets. Scoring criteria refer to predetermined aspect scores. The
assessment results were then averaged by the formula below:

Y Obtained score

Score==———— x 100

Maximum score

Sudjana (2002)

The obtained score of the scientific work was then interpreted to find out the criteria for
scientific work activities which can be seen in Table 3.
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Table 3

Interpretations of students' ability to perform scientific work
Interval (%) Category
81 - 100 Very Good
61-380 Good
41 - 60 Medium
21-40 Low
0-20 Very Low

Kubiszyn and Gary (2015)
FINDINGS AND DISCUSSION

Based on the results of the study, the obtained data indicate the success in increasing
student understanding in the learning process and students' ability to perform scientific
work. The success of students in the learning process is shown in Table 4.

Table 4
N-Gain test results of students' understanding of the experimental class and the control
class

Average Experimental class Control class
Pretest 64 63
Posttest 90 81
N-Gain (%) 71 (high) 48 (medium)

N-Gain test based on indicators of the ability to perform scientific work was also
conducted to investigate student understanding. The results are shown in Table 5.

Il?gsir? test results of students' understanding based on scientific work indicators
Indicators of Scientific Skills N-Gain (%)
Experimental Control
Formulating the problem 67 44
Describing the problem 64 39
Designing investigation 71 47
Conducting experiments 80 58
Processing the data 74 52
Concluding 76 46

The results of the N-Gain analysis based on Table 5 show that students' understanding in
the experimental class is better than in the control class. Furthermore, normality and
homogeneity tests were carried out and are shown in Table 6.
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Table 6
Recapitulation of the normality and homogeneity tests of the experimental and control
classes

Data Component Experimental class ~ Control Description

(Sig. value) class

Normality test 0.111 0.088 Normal distribution
Homogeneity test 0.064 Homogeneous variance

Table 6 presents the data analysis results of students' understanding which were
normally distributed and homogeneous. Thus, hypothesis testing can be done using the
independent t-test using SPSS program in which the results are presented in Table 7.

Table 7

Results of t-test (independent t-test).
df=72 teount tiable Description
(a=0.05) 8.807 1.927 toount > tiable

Table 7 shows that teu. > taple indicating there are significant differences between the
understanding of students who used creative problem-solving learning through open-
ended experiments and those who did not.

Based on the data analysis of students' understanding of the control and experimental
class, it was found that there was a success in increasing students' understanding in the
experimental class compared to the control class. N-Gain scores for students in quantity
showed the differences from each indicator of scientific work. In general, the N-Gain
scores in the experimental group are relatively good for the obtained N-Gain scores
reaching the moderate as well as high categories. In the indicator formulating the
problem and describing the problem, the score of N-Gain obtained in each class was in
the moderate category. In formulating the problem, the experimental class obtained
67%, and the control class obtained 44%. Meanwhile, the N-Gain scores of the indicator
of describing the problem, the experimental class obtained 64%, and the control class
obtained 39%.

Some students in the experimental class or the control class were not correct in
formulating the problem. Students did not formulate in question sentences and question
the relationship between things that influence. They also did not be able to describe the
problem in detail under the concept and theory. The answers from the students were not
fully detailed. They did not understand how to apply the appropriate concept. Rahman et
al., (2014) stated that students still need adequate and guided interactions to understand
better a problem and maintain the quality of their understanding.

The obtained high results on the N-Gain scores of students' understanding of each aspect
of scientific work indicators in the experimental class prove that creative problem-
solving learning through the open-ended experiment with online learning can motivate
students to be active in the learning process. Accordingly, students' understanding of
chemical concepts is not easily forgotten for ongoing learning makes the learning
process more meaningful. This is in line with a study conducted by Fian et al., (2012);
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Ahmad and Parlindungan (2015) stated that experimental-based creative problem-
solving learning can increase learning activities higher than conventional learning, and
can improve cognitive abilities and creativity in solving problems. Siti and Soeprojo
(2015); Yunnel and Yarman (2019) further explained that creative problem-solving
learning could improve students' understanding and foster students' creative thinking
skills because students are actively involved and will have a positive impact on learning
outcomes.

The open-ended approach to students was trained to provide a variety of problem-
solving. Raden and Idris (2014) argued that the open-ended approach is effective in the
aspect of problem-solving ability since students are required to develop individual
thinking. Students might also be able to learn without space and time restrictions, to
learn anywhere and anytime, and to develop concepts and materials in daily life
creatively. Studies conducted by Noorsalim et al., (2014) and Arif et al., (2018)
revealed that the application of online media could encourage students to learn more
actively and make it easier for students to understand chemistry subject material to get
the best results.

Data on the measurement results of students' ability in conducting scientific work can be
seen from the percentage acquisition of scientific skills level. Data analysis of students'
scientific skills is shown in Table 8.

Table 8
Analysis results of students scientific work
Category Percentage Control Experimental
(%) Frequency  Percentage (%)  Frequency Percentage (%)
Very Good 81-100 19 53 26 72
Good 61-80 17 47 10 28
Fair 41 -60 0 0 0 0
Low 21-40 0 0 0 0
Very Low 0-20 0 0 0 0

Based on the data analysis described above, it can be seen that there are differences in
the ability of students in the experimental class and the control class in doing scientific
work. This difference showed that the experimental class is better than the control class.
Improving students' scientific skills in the experimental class is characterized by
students being able to carry out scientific work activities creatively, independently, and
only in various ways and using tools and materials available in the surroundings. Alfi et
al., (2019) revealed that students can find many ideas to solve problems through
scientific work. Furthermore, Widyatmoko and Pamelasari (2012); Chansyanah et al.,
(2018); and Nancy et al., (2019) also revealed that by giving assignments to students to
do scientific work independently, they could develop their knowledge to do scientific
work only by using tools and materials around them. Thus, students could think
creatively and be able to increase their motivation to understand chemistry as well as
develop scientific skills in daily life.
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Scientific work-based learning stimulates students to be active in scientific activities.
Students in the experimental class proved this at the stage of problem formulation. They
were able to plan simple scientific work which included making plans and formulating
the benefits and objectives of scientific work to be carried out. Royston and Roni (2017)
argued that students who have a creative mindset are associated with creative
performance. Moreover, they could also write provisional estimates on scientific work.
In the stage of describing the problem, students were able to develop and elaborate their
ideas on the context of the problem based on theory. They were able to find and to write
theory concepts which indirectly increase students' knowledge to solve problems. This is
following in accordance with research conducted by Wardani (2008) stated that
concluded that scientific work activities emphasize students to gain knowledge in
solving problems.

At the stage of designing an inquiry, students were able to generate many ideas for doing
simple scientific work. They had also been able to write tools and materials and to write
steps of scientific work in a structured manner. Tools used by students in scientific work
were simple tools from the surrounding area as a part of the open-ended experiment.
Bethany and Heather (2016) said that the open-ended experiment provides a real
learning environment for students which increases their confidence in scientific work.
Furthermore, Margaret et al., (2015); Hilarius et al., (2019); and Zainuddin et al.,
(2020) stated that student-centered learning based on science process skills can develop
scientific concepts of knowledge and creativity to design experiments creatively in
solving problems.

At the stage of carrying out scientific work, students performed structurally under the
written work steps and carefully observing changes in scientific work done evidenced by
the acquisition of complete scientific work data. This is as stated by Ryan et al., (2016)
and Soka et al., (2019) that through observations in experiments, students have linked
scientific work procedures to show that they can solve problems. In the data processing
stage, students were able to identify the data needed and make correct interpretations of
the data that has been obtained. They are also able to write and explain data in tabulated
form clearly.

At the conclusion stage, students were able to accurately determine the findings of
simple scientific work and associate conclusions with the correct data at the conclusion
stage. Furthermore, they were able to improve scientific work by communicating the
outcomes through scientific work reports created independently using available
resources such as books, articles, and other sources from the Internet. Therefore,
mastering creative problem solving through an open-ended experiment can help students
become more engaged in their studies. They can discover and develop concept
knowledge during the learning process through relevant tasks. This is the following
research conducted by Wulandari and Mashuri (2014) and Ayel et al., (2017) which
revealed the application of the open-ended experiment approach in learning could
improve students' thinking creatively to solve problems. Furthermore, Wawan et al.
(2019) and Satish and Vinayak (2019) claimed that open-ended experiments can teach
students to think independently and work harder to generate scientific works, where
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students are given the freedom to construct their experiments in order to expand their
understanding.

Studies by Gail et al., (2007); Turner and Parisi (2008); Safarudin et al., (2020)
successfully revealed that learning through online scientific work is positively correlated
with students' scientific work. Moreover, students' achievement of competence with
scientific work activities at home is better than scientific work on campus. Furthermore,
with the help of electronic media in learning can increase student motivation and process
skills. Laite and Luis (2013) stated one of the factors that can foster student motivation
to learn science with the existence of scientific work activities. Furthermore, Planinsic
(2007); Devin and Kimberley (2011) stated that scientific work carried out
independently by students can improve understanding of concepts and belief in self-
ability characterized by effort and independence. Other researches conducted by Kate et
al., (2014), Ruomei (2015); Diana et al., (2018); and Nicolas et al., (2019) concluded
that scientific work learning based on students would have a positive impact for it can
make students feel a significant learning benefit, increase effective conceptual
understanding, and provide increased student learning opportunities towards problem-
solving through scientific work.

CONCLUSION

The conclusion from the research results that the application of creative problem solving
learning with open-ended experiments can improve student understanding. This is
evidenced by the acquisition of N-Gain values of 71% in the experimental class and
48% in the control class, as well as obtained t.,.: 8.807, which indicates teount > tiapie. The
increase of students' ability to perform scientific work in the experimental class showed
72% of students in a very good category and 28% of students in a good category.
Meanwhile, in the control class, only 53% of students in a very good category and 47%
in a good category. Thus, creative problem-solving learning through the open-ended
experiment is effective in increasing students' understanding and scientific work.
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The purpose of this research is to improve students' understanding and the ability
to perform scientific work through creative problem-solving learning with the
open-ended experiment approach to the separation of mixtures material using
onling learning. The study used a quasi-<experimental method  with  the
nonequivalent pretest-posttest control group research design. This study involved
72 students divided into two classes, 36 students in the control class and 36
students in the experimental class. Indicators of scientific work are formulating
problems, describing problems, designing investigations, conducting experiments,
processing data, and concluding. The results of the study showed an increase in the
students' ability o perform  scientific  work, obtaining N-Gain of 71%
(experimental class) and 48% (control class), as well as the value of tyum = 8.807
indicating toun > tuye. The percentage of students' scientific work in the
experimental class was in a very good category with 72%. while the control class
was 53%. Thus, creative problem-solving learning through the open-ended
experiment can improve students' understanding and scientific work.

Keywords: creative problem-solving learning, openended experiment, students'
scientific work, online learning

INTRODUCTION

Students' difficulty in understanding and developing concepts and theories in daily life
in the form of scientific work is one of the issues in chemistry learning. From the
interviews with the students, it is known that current scientific work activities are
teacher-centered, and the learning is still conventional. Thus, when scientific work is
done, students are only fixated with its instructions. They only followed the steps in the
instructions and applied instructions from the teacher. Students become passive and less-
stimulated in carrying out development through scientific work. As a result, students
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might not develop chemical concepts in daily life through scientific work. This fact is
reinforced by the survey data based on the value of the scientific work of students where
29% achieved a good category, 34% achieved medium category, and 37% achicved
poor category. It can be concluded that there is the potential for real problems in the
learning process that must be solved.

The learning process should not always be focused on the teacher, so that students can
develop their potential for knowledge of chemistry in daily life through scientific work.
Research conducted by Rebecca and Nsimeneabasi (2017) and Nurdeli er al. (2017)
argued that learning that only follows the teacher canses students to become passive, so
students cannot develop reasoning power to solve problems, this, of course, affects
process skills,

Therefore, learning activities must engage students and allow them to connect learning
to their daily lives. Developing chemical concepts in everyday life can stimulate
thinking and push students 10 solve difficulties. Novikasari (2009) argued that learning
activities necessitate students™ ability to handle problems in various ways in order to
develop intellectual potential and experience in the process of discovering something
new.

Aka et al., (2010); Kazembe and Methias (2010); and Kubiatko (2017) revealed that
learning with scientific work methods makes passive students active. Moreover. students
can develop their potential to solve problems with a variety of solutions and possible
correct answers through work, action, and thinking activities. Students might be more
flexible in looking for the right solution and actualize it through communicating the
results of the experiment from the initial step of observation to concluding, as well as
produce more meaningful knowledge.

Learning chemistry as a science is strongly linked to the development of knowledge and
skills through scientific work activities that may raise students’ enthusiasm in learning,
expand their knowledge, and improve their understanding, to make the learning process
easier for them (Ottander and Grelsson 2006: Farsakoglu er al., 2008: Akinbobala and
Afolabi. 2010). Scientific work can be done through independent activities or small
groups; it is gencrally done in laboratorics but can also be donc in an open space or
garden. (Rosmalinda, er al., 2013; Amna 2017).

Previous studies conducted by Risna er al., (2017); Cahaya et al., (2019); Adel and
Yousra (2020) regarding creative problem-solving learning based on scientific work
proved that it could increase student activity. Students can understand concepts to
achieve maximum learning outcomes and can develop thinking skills to solve problems.
Further studies by Chansyanah et al., (2018); Laura er al., (2019); and Reynders et al.,
(2019) concluded that scientific work could increase students' activeness, understanding,
and the ability to perform real scientific work, also encourage students' environmental
awareness as well as solve problems creatively.

Tina et al., (2013) suggested that an open-ended learning approach can help students to
solve problems. An open-ended approach is a learning that presents a problem that has
more than one correct method or solution for students who face a problem with a variety
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of correct answers (Munroe, 2015: Bartholomew and Strimel, 2018). The open-ended
approach provides opportunities for students to analyze various strategies that are
believed to be in the ability to describe problems to foster originality of ideas (Martunis,
2014).

The subject matter discussed in this study is the scparation of mixtures. The material,
including concepts and skills, is closely related to daily life. The importance of doing
scientific work on separation of mixture subject matter is to increase students'
enthusiasm since they are actively involved in constructing knowledge that impacts their
independence. Moreover, scientific work is essential in learning separation of mixture
for it can form scientific attitudes, for it can link learning with daily life in the real
world, provide opportunitics to rescarch which can encourage students to think
scientifically and rationally.

The internet is one of the media capable of providing information, which is not limited
by time and space to face technological advances. Effective use of technology is used in
the learning process (Tatyana et al., 2020). The internet has a vast network of various
fields, including education as a learning resource for students. Therefore, the addition of
learning resources is expected to increase student knowledge to be more comprehensive
and improve psychomotor through scientific work activities (Siti and Sufen, 2019). By
the studies of Diane er al., (2013) and Baker er al., (2016), using the internet as a
learning resource where students practice scientific skills. Thus, students can get the
maximum benefit both from the process and the results of learning.

It is required to produce learning that is capable of growing understanding and
developing students' scientific work skills in solving difficulties, which is creative
problem-solving learning through open-ended experimentation, as the result of the
problems outlined. The learning process centered on students accompanied by
strengthening skills in the inquiry process (Vidal, 2010; Ridong et al., 2017) can be a
guideline for developing creative thinking skills and helping students to be more
motivated in learning activities. Thus, the students are not only memorizing but also
understanding the concepts acquired that later benefit them. Moreover, learning using
scientific work can also increase scientific creativity in solving problems (Margaret er
al., 2015; Jalimah er al., 2019). Creative problem-solving leaming is seen as being able
to solve problems creatively (Seechalio et al., 2011; Hobri et al., 2020), especially when
itis combined with the open-ended approach which has a significant effect on problems
solving with creative thinking skills (Noer, 2008). 2011; Lambertus ct al., 2013).

Creative problem-solving learning combined with the open-ended approach that can
provide flexibility for students to explore problems in depth with creative solutions (Lim
et al., 2016), especially those related to scientific work which can be implemented in
daily life. Indicators of the ability to perform scientific work are formulating problems,
describing problems, designing investigations, cond uclingnperimems, processing data,
and concluding (National Research Council, 2000). Thus, this study aims to improve the
understanding and scientific skills of Vocational High School students through creative
problem-solving leaming on the scparation of mixture subject matter with open-ended
experimentation through online learning. However, the extent of the learning process
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influence has on students, understanding, and level of scientific work cannot yet be
revealed. Therefore, the researcher considers it necessary to conduct creative problem-
solving learning rescarch with open-ended experiments.

METHOD

Research Design

ThisEJudy used a quasi-experimental method referring to Fraenkel and Norman (2007).
The design used in this study was a nonequivalent pretest-posttest control group design.
The design is described as follows -

Table 1

Research design

Class Protest Treatment Post-test
Ex periment 0, X 0,
Control O, - 0,

Fraenkel and Norman (2007)

Table 1 showed that the experimental group applied creative problem-solving learning
with open-ended experiment and the control group applied conventional learning. O,
and Oy are two groups that arc considered to have the same metacognitive ability and
were tested with a pretest. O, is the result of the experimental group, while Oy is the
result of the control group.

This study involved two research groups which were given different treatment. The first
group is the experimental group which is given creative problem-solving learning
treatment with open-ended experiment, and the second group is the control group which
is given a conventional learning treatment model using lecture and assignment methods.
The independent variable in this study is creative problem-solving learning through
open cxperiments, while the dependent variable is the understanding and ability
students' ability to perform scientific work.

Participants

This research was carried out in the 2019/2020 academic year on mixed separation
material. The participants in this study were 10th graders of Industrial Mechanical
Engineering at SMKN 1 Waringinkurung, Serang Regency, Banten, Indonesia who
collected 72 students consisting of 2 classes. The sampling technique used 1s probability
sampling. Simple random sampling technique was used to determine the experimental
class and the control class. This is done because the population is considered
homogenecus by first doing the homogeneity test. So that Class 10 Industrial
Mechanical Engineering 1 with 36 students in the experimental class, and Class 10
Industrial Mechanical Engineering 2 with 36 students in the control class.

Instrument

Data were collected using two research instruments. The first instrument is essay
questions under the learning indicators to determine students' understanding. Before the
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use, validation was done by experts who are two competent lecturers and two chemistry
teachers who have five years of the learning experience. After that, the instrument was
used for the pretest and posttest for the experimental class and the control class.
Meanwhile, the second instrument is worksheets based on scientific work indicators
used to measure students' ability to perform scientific work. Indicators of scientific work
are formulating problems. describing problems, designing investigations. conducting
experiments, processing data, and concluding (National Research Council, 2000).
Creative problem-solving leaming with open-ended experiments is hoped to increase
students' understanding and scientific work.

Data Analysis

The method of data collection the method of measuring student understanding through
pretest-posttest questions. Pretest questions are to determine the initial level of student
understanding, and posttest to see an increase in student understanding. The form of
questions used in the experimental class and the control class is the same. The obtained
data on the students' understanding was processed using the gain test <g>, which then
interpreted using the gain index criteria presented in Table 2.

Table 2

N-gain index criteria
Percentage of answer Criteria
2> 70 High
0<g< 70 Medium
g< 30 Low

Hake (1998)

A hypothesis test was performed to strengthen the data analysis of student understanding
results using the t-test (iudependela-tcst). The criteria used were if the value of t, ., >
tune. This test began with tests of normality and homogeneity. The normality test was
done using Shapiro-Wilk with sig. > a (#=0.05) considered as normal data. Meanwhile,
the homogeneity test was performed using the Levene Test (Test of Homogeneity of
Variances) with Sig. = a (o = 0.05) the variance data of the experimental and control
group considered as homogeneous.

Scientific worksheets were used to obtain data on students' ability in conducting
scientific work. During the learning process, was carried out assessment of aspects of a
scientific worksheets. Scoring criteria refer to predetermined aspect scores. The
assessment results were then averaged by the [ormula below:

T Obtained scare

x 100

Score = -
Maximum score

Sudjana (2002)

The obtained score of the scientific work was then interpreted to find out the criteria for
scientific work activities which can be seen in Table 3.
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Table 3

Interpretations of students ability to perform scientific work
Interval (%) Category
B1-100 Very Good
6l -80 Good
41-60 Medium
21-40 Low
0-20 Very Low

Kubiszyn and Gary (2015)
FINDINGS AND DISCUSSION

Based on the results of the study, the obtained data indicate the success in increasing
student understanding in the learning process and students' atffly to perform scientific
work. The success of students in the learning process is shown in Table 4.

Table 4
N-Gain test results of students' understanding of the experimental class and the control
class

Average Experimental class Control class

Pretest 64 63

Posttest 90 31

N-Gain (%) 71 (high) 48 (medium)

N-Gain tecst bascd on indicators of the ability to perform scientific work was also
conducted 1o investigate student understanding. The resulls are shown in Table 5.

'Ilzl‘-l(t_iul:ig test results of students' understanding based on scientific work indicators
[ndicators of Scientific Skills NGain (%)
Experimental Control
Formuolating the problem a7 +H
Describing the problem 64 39
Designing investigation 71 47
Conducting experiments 20 58
Processing the data 74 52
Concluding 76 46

The results of the N-Gain analysis based on Table 5 show that students' inderstanding in
the experimental class is better than in the control class. Furthermore, normality and

homogeneity tests were carried out and are shown in Table 6.
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Table 6
Recapitulation of the normality and homogeneity tests of the experimental and control
classes

Data Component Experimental class  Control Description

[Sig. value) class

Normality test 0.111 (1.0B8 Normal distribution
Homogeneity test 0.064 Homogeneous variance

Table 6 presents the data analysis results of students' understanding which were
normally distributed and homogencous. Thus, hypothesis testing can be done using the
independent t-test using SPSS program in which the results are presented in Table 7.

Table 7

Results of t-test (independent t-test).
dt=72 [T Libie Description
(«=0.05) 8.807 1.927 Lo = bt

Table 7 shows that tg,,, > luue indicating there are significant differences between the
understanding of students who used creative problem-solving learning through open-
ended experiments and those who did not.

Based on the data analysis of students' understanding of the control and experitallul
class, it was found that there was a success in increasing students' understanding in the
experimental class compared to the control class. N-Gain scores for students in quantity
showed the differences from each indicator of scientific work. In general, the N-Gain
scores in the experimental group arc relatively good for the obtained N-Gain scores
reaching the moderate as well as high categories. In the indicator formulating the
problem and describing the problem, the score of N-Gain obtained in each class was in
the moderate category. In formulating the problem, the experimental class obtained
67%. and the control class obtained 44%. Meanwhile, the N-Gain scores of the indicator
of describing the problem, the experimental class obtained 64%, and the control class
obtained 39%.

Some students in the experimental class or the control class were not correct in
formulating the problem. Students did not formulate in question sentences and question
the relationship between things that influence. They also did not be able to describe the
problem in detail under the concept and theory. The answers from the students were not
fully detailed. They did not understand how to apply the appropriate concept. Rahman et
al., (2014) stated that students still need adequate and guided interactions to understand
hetter a problem and maintain the quality of their understanding.

The obtained high results on the N-Gain scores of students' understanding of each aspect
of scientific work indicators in the experimental class prove that creative problem-
solving learning through the open-ended experiment with online learning can motivate
students to be active in the leamning process. Accordingly, students' understanding of
chemical concepts is not easily forgotten for ongoing learning makenhe learning
process more meaningful. This is in line with a study conducted by Fian et al., (2012);
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Ahmad and Parlindungan (2015) stated that experimental-based creative problem-
solving learning can increase learning activities higher than conventional learning, and
can improve cognitive abilities and creativity in solving problems. Siti and Socprojo
(2015); Yunnel and Yarman (2019) further explained that creative problem-solving
learning could improve students' understanding and foster students' creative thinking
skills because students are actively involved and will have a positive impact on learning
outcomes.

The open-ended approach to students was trained to provide a variety of problem-
solving. Raden and Idris (2014) argued that the open-ended approach is effective in the
aspect of problem-solving ability since students are required to develop individual
thinking. Students might also be able to learn without space and time restrictions, to
learn anywhere and anytime, and to develop concepts and materials in daily life
creatively. Studies conducted by Noorsalim et al., (2014) and Arif et al., (2018)
revealed that the application of online media could encourage students to learn more
actively and make it easier for students to understand chemistry subject material to get
the best results.

Data on the measurement results of students' ability in conducting scientific work can be
seen from the perceumgquisiti()n of scientific skills level. Data analysis of students'
scientific skills is shown in Table 8.

Tahle 8
Analysis results of students scientific work
Category Percentage Control Experimental
(%6) Frequency  Percentage (%)  Frequency  Percentage (%)
Very Good El - 100 19 33 26 72
Good 61-80 17 47 10 28
Fair 41 - 60 0 0 0 0
Low 21-40 0 0 0 0
Very Low 0-20 0 0 0 0

Based on the data analysis described above, it can be seen that there are differences in
the ability of students in the experimental class and the control class in doing scientific
work. This difference showed that the experimental class is better than the control class.
Improving students' scientific skills in the experimental class is characterized by
students being able o cary out scientific work activities creatively, independently, and
only in various ways and using tools and materials available in the surroundings. Alfi et
al., (2019) revealed that students can find many ideas to solve problems through
scientific work. Furthermore, Widyatmoko and Pamelasari (2012); Chansyanah er al.,
(2018); and Nancy et al., (2019) also revealed that by giving assignments to students to
do scientific work independently, they could develop their knowledge to do scientific
work only by using twols and materials around them. Thus, students could think
creatively and be able to increase their motivation to understand chemistry as well as
develop scientific skills in daily life.
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Scientific work-based learning stimulates students to be active in scientific activities.
Students in the experimental class proved this at the stage of problem formulation. They
were able o plan simple scientific work which included making plans and formulating
the benefits and objectives of scientific work to be carried out. Royston and Roni (2017)
argued that students who have a creative mindset are associated with creative
performance. Moreover, they could also write provisional estimates on scientific work.
In the stage of describing the problem, students were able to develop and elaborate their
ideas on the context of the problem based on theory. They were able to find and to write
theory concepts which indirectly increase students' knowledge to solve problems. This is
following in accordance with research conducted by Wardani (2008) stated that
concluded that scientific work activities emphasize students to gain knowledge in
solving problems.

At the stage of designing an inquiry, students were able to generate many ideas for doing
simple scientific work. They had also been able to write tools and materials and to write
steps of scientific work in a structured manner. Tools wsed by students in scientific work
were simple tools from the surrounding area as a part of the open-ended experiment.
Bethany and Heather (2016) said that the open-ended cxperiment provides a real
learning environment for students which increases their confidence in scienliﬁcrk.
Furthermore, Margaret et al., (2015); Hilarius et al., (2019); and Zainuddin et al.,
(2020) stated that student-centered learning based on science process skills can develop
scientific concepts of knowledge and creativity to design experiments creatively in
solving problems.

At the stage of carrying out scientific work, students performed structurally under the
written work steps and carefully observing changes in scientific work done evidenced by
the acquisition of complete scientific work data. This is as stated by Ryan et al., (2016)
and Soka er al., (2019) that through observations in experiments, students have linked
scientific work procedures to show that they can solve problems. In the data processing
stage, students were able to identify the data needed and make correct interpretations of
the data that has been obtained. They are also able to write and explain data in tabulated
form clearly.

At the conclusion stage, students were able to accurately determine the findings of
simple scientific work and associate conclusions with the correct data at the conclusion
stage. Furthermore, they were able to improve scientific work by communicating the
outcomes  through scientific work reports created  independently using  available
resources such as books, articles, and other sources from the Internet. Therefore,
mastering creative problem solving through an open-ended experiment can help students
become more engaged in their studies. They can discover and develop concept
knowledge during the learning process through relevant tasks. This is the following
research conducted by Wulandari and Mashuri (2014) and Avyel er al., (2017) which
revealed the application of the open-ended experiment approach in leaming could
improve students' thinking creatively to solve problems. Furthermore, Wawan et al.
(2019) and Satish and Vinayak (2019) claimed that open-ended experiments can teach
students to think independently and work harder to generate scientific works. where
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students are given the freedom to construct their experiments in order to expand their
understanding.

Studies by Gail et al, (2007); Tumer and Parisi (2008); Safarudin er al, (2020)
successfully revealed that learning through online scientific work is positively correlated
with students' scientific work. Morcover, students' achicvement of competence with
scientific work activities at home is better than scientific work on campus. Furthermore,
with the help of electronic media in learning can increase student motivation and process
skills. Laite and Luis (2013) stated one of the factors that can foster student motivation
to learn science with the existence of scientific work activities. Furthermore, Planinsic
(2007); Devin and Kimberley (2011) stated that scientific work carried out
independently by students can improve understanding of concepts and belief in sclf-
ability characterized by effort and independence. Other researches conducted by Kate er
al., (2014), Ruomei (2015); Diana et al., (2018); and Nicolas et al., (2019) concluded
that scientific work learning based on students would have a positive impact for it can
make students feel a significant learning benefit, increase effective conceptual
understanding, and provide increased student learning opportunities towards problem-
solving through scientific work.

CONCLUSION

The conclusion from the research results that the application of creative problem solving
learning with open-ended ExpeEnls can improve student understanding. This is
evidenced by the acquisition of N-Gain values of 71% in the experimental class and
48% in the control class, as well as obtained touy 8.807, which indicates tegm= Lapte. The
increase of students' ability to perform scientific work in the experimental class showed
72% of students n a very good category and 28% of students in a good category.
Meanwhile, in the control class, only 33% of students in a very good category and 47%
in a good category. Thus, creative problem-solving learning through the open-ended
experiment is effective in increasing students' understanding and scientific work.
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Trang Nguyen 2 weeks ago

Dear Scimago Team,

Can you tell me if the journal: International Journal of Instruction is still ranked as a Scopus

Journal. Can you help me how to check this information.

Sincerely yours,

Trang Nguyen
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Walter
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reply

SCimago Team
Melanie Ortiz 1 week ago

Dear Trang,

Thank you very much for your comment.

All the metadata have been provided by Scopus /Elsevier in their last update sent to

SCImago, including the Coverage’s period data. The SJR for 2020 has been released on 17

May 2021. We suggest you consult the Scopus database directly to see the current index

status as SJR is a static image of Scopus, which is changing every day.

For further information, please contact Scopus support:
https://service.elsevier.com/app/answers/detail/a_id/14883/kw/scimago/supporthub/scopus/
Best Regards, SCImago Team

3 weeks ago

The International Journal of Instruction is now in Quartile 1. When will SCIMAGO update this?

= . .
\\@é Melanie Ortiz 1 week ago

reply

SClmago Team

Dear Walter, Thank you for contacting us.

As you probably already know, our data come from Scopus, they annually send us an

https://www.scimagojr.com/journalsearch.php?q=21100297818&tip=sid&clean=0
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update of the data. This update is sent to us around April / May every year.

The calculation of the indicators is performed with the copy of the Scopus database
provided to us annually. However, the methodology used concerning the distribution by
Quartiles by Scopus is different from the one used by SCImago.

For every journal, the annual value of the SJR is integrated into the distribution of SUR
values of all the subject categories to which the journal belongs. There are more than 300
subject categories. The position of each journal is different in any category and depends
on the performance of the category, in general, and the journal, in particular. The
distribution by Quartiles cannot be considered over the journals' total amount within a
Category. In the case of SCImago, the distribution has to be considered with the formula
Highest-SJR minus Lowest-SJR divided into four.

Best Regards,

SClmago Team

rasha salem 3 months ago

please | posted my article since 20/3/2021 and tell now no responds from editors please connect

me with any responsible editors ar how to connect with them
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reply

SCimago Team
Melanie Ortiz 3 months ago

Dear Rasha,

thank you very much for your comment. We suggest you contact the editorial staff for
further information, you can check the contact email address just above.

Best Regards, SCImago Team

Rasha salem 4 months ago

dear editors , please | want to publish my article in your journal but if u please inform me is the
journal Q2 ORQ3 ?

https://www.scimagojr.com/journalsearch.php?q=21100297818&tip=sid&clean=0
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reply

SCimago Team

= . .
\\LOé Melanie Ortiz 4 months ago
Dear Rasha, thank you very much for your request. You can consult that information just

above. Best Regards, SCImago Team

Habtamu Teshome 8 months ago

| am Habtamu Teshome, from Ethiopia.l would like to publish a research article on your journal.
The title is "Internationalization of Curriculum in Ethiopian Higher Education Institutions: Wollega
University in Focus".

So, can this title match with the scope and purpose of your journal?

With regards.

reply

SClmago Team
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i
& 2,

Melanie Ortiz 8 months ago
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Dear Habtamu,

thank you for contacting us.

We are sorry to tell you that SCImago Journal & Country Rank is not a journal. SJR is a
portal with scientometric indicators of journals indexed in Elsevier/Scopus.
Unfortunately, we cannot help you with your request, we suggest you visit the journal's
homepage (See scope and submission/author guidelines) or contact the journal’s
editorial staff, so they could inform you more deeply.

Best Regards, SCImago Team

Benjamin Ghonim 9 months ago
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A Creative Dramatics Based Strategy to Enhance Al-Azhar Primary Institute Pupils’ EFL Reading
Comprehension and Attitudes.

Benjamin Nour EI-Din Attyia Ghonim

Faculty of Education, Zagazig University, Egypt

Abstract

The current study aimed at enhancing Al-Azhar primary institute pupils’ EFL reading
comprehension and attitudes through a creative dramatics based strategy. The study adopted the
quasi-experimental pre-post test and scale, experimental/control groups. Participants were sixth
year Al-Azhar primary institute pupils. Two groups (20 each) were selected in the academic year
2019-2020. The experimental group was taught through a creative dramatics based strategy for
enhancing their reading comprehension and attitudes. On the other hand, the control group
received regular instruction. To achieve the aim of the study, the researcher designed a
questionnaire for determining some reading comprehension skill and a scale for determining some
aspects of reading attitudes approved by a panel of jury. Based on these reading comprehension
skills and aspects of reading attitudes, a pre-post reading comprehension test and a scale were
designed. The results of the study indicated that EFL reading comprehension skills and attitudes of
the experimental group enhanced. The results of the study were positive; the hypotheses were
accepted.

Key words: reading comprehension, Attitudes and Creative Dramatics.

Introduction:

Arican and Yilmaz (2010) defined the habit of reading as practicing the act of reading throughout
life, constantly and critically as a result of perceiving reading as a need and a source of pleasure.
Pupil-readers can enhance the skills of reading and gain the habit of reading mostly in primary
school and it becomes difficult to gain this habit in adulthood.

Comprehension is the essence of reading and the active process of constructing meaning from a
text. Reading comprehension is a complex interaction among automatic and strategic cognitive
processes that enables the pupil-reader to create a mental representation of the text.
Comprehension depends not only on the characteristics of the pupil-readers, such as prior
knowledge and working memory, but also on language procedures, such as basic reading skills,

decoding, vocabulary, sensitivity to text structure, inferencing, and motivation (Van den Broek

reply

https://www.scimagojr.com/journalsearch.php?q=21100297818&tip=sid&clean=0
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SClmago Team

~.,
i
& J,

Melanie Ortiz 9 months ago
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Dear Benjamin,

thank you for contacting us.

We are sorry to tell you that SCImago Journal & Country Rank is not a journal. SJR is a
portal with scientometric indicators of journals indexed in Elsevier/Scopus.
Unfortunately, we cannot help you with your request, we suggest you visit the journal's
homepage (See submission/author guidelines) or contact the journal’s editorial staff, so
they could inform you more deeply.

Best Regards, SCImago Team

Gemechu Abera Gobena 1 year ago

Dear colleagues

| have submitted two articles so far in your very esteemed Journal of Instruction but you rejected it
without any evidence even if you have the right to do so. | aam really very eager to publish my work
with you because you quality journal. So, would you mind please if | send my original work again.

With regards

reply

SClmago Team
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Melanie Ortiz 1 year ago
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Dear Gemechu,

thank you for contacting us.

We are sorry to tell you that SCImago Journal & Country Rank is not a journal. SJR is a
portal with scientometric indicators of journals indexed in Elsevier/Scopus.
Unfortunately, we cannot help you with your request, we suggest you contact the journal’'s
editorial staff , so they could inform you more deeply.

Best Regards, SCImago Team

https://www.scimagojr.com/journalsearch.php?q=21100297818&tip=sid&clean=0 10/16
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Ujang Suparman 1 year ago

Dear Sir/Madam,

| am interested in publishing a research article in your journal. How much should | pay for each
publication?

and how frequent is it published a year?

Thank you.

All the best,

Ujang Suparman

reply

SClmago Team

~.~
i
& J,

Melanie Ortiz 1 year ago
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Dear Ujang,

thank you for contacting us.

We are sorry to tell you that SCiImago Journal & Country Rank is not a journal. SJR is a
portal with scientometric indicators of journals indexed in Elsevier/Scopus.
Unfortunately, we cannot help you with your request, we suggest you visit the journal's
homepage or contact the journal’s editorial staff , so they could inform you more deeply.
Best Regards, SCImago Team

Gunawan 1 year ago

Congratulations to the editor of IJI and the team for their achievements in Q2 on Scopus.

reply

Sue 1 yearago

When is the deadline for July publication?

reply
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= SClmago Team

i & . .
\\@ Melanie Ortiz 1 year ago

Dear Sue, thank you very much for your comment, we suggest you look for author's
instructions/submission guidelines in the journal's website. Best Regards, SClmago Team

ﬁ Dr. IRWANTO 2 years ago

Dear colleagues,
Submit your paper to

https://www.e-iji.net/article-submission

reply

trisni 1 yearago

why is the webside server address not found?

SClmago Team
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\\@é Melanie Ortiz 2 years ago

Dear Irwanto, thanks for your participation! Best Regards, SCImago Team

Dr.Habtamu Gezahegn 2 years ago

Dear Sir, | am an assistant professor at Hawassa university, Ethiopia. | wanted to send an article to

your journal. So how can you help me to send my paper to your journal as soon as possible?
With Best Regards!
Habtamu Gezahegn, PhD

Hawassa University

https://www.scimagojr.com/journalsearch.php?q=21100297818&tip=sid&clean=0 12/16
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College of Education
Hawassa,Ethiopia

reply

Rotimi Okunloye 2 years ago

| want to publish in your journal. please, how long will it take for my submitted article to be
accepted for publication if found please able.Thanks.

reply

Rotimi Okunloye 2 years ago

How long does it take for an article submitted for publication to be accepted for publication
after peer review, it found publishable. Thanks.

Mohamad Tahar Mohamad Amirnudin 2 years ago

https://www.e-iji.net/article-submission

reply

vlora 2yearsago

| want to publish in your journal. please, how long will it take for my submitted article to be
accepted for publication if found please able.Thanks.

Tanapon 2 years ago

| had been trying to send my research paper on your system but it was denied.
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| attached my research paper with this email.

can you put it trough this system if possible?

Thank you

Mr.Tanpon Tamrongkunanan

Mo'een 2 years ago

dear editor,
| want to submid my manuscript

reply

Mohamad Tahar Mohamad Amirnudin 2 years ago

https://www.e-iji.net/article-submission

Hasratuddin 3 years ago

| want to submid my manuscript

reply

Mohamad Tahar Mohamad Amirnudin 2 years ago

https://www.e-iji.net/article-submission

Hadi Suryanto 3 years ago

good morning
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Privacy - Terms
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The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a
specific journal. The purpose is to have a forum in which general doubts about the processes of publication in the
journal, experiences and other issues derived from the publication of papers are resolved. For topics on particular
articles, maintain the dialogue through the usual channels with your editor.
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