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Abstract

Physics education students as prospective educators have the task of building student knowledge. This requires physics
education students to master SPS because most physics lessons emphasize activity-centered material. The research conducted
aims to analyze the level of mastery of SPS in the Melde practicum in terms of gender. This research involves practical activities
by applying a problem-based learning model (PBL). This study uses total sampling with participants being first year physics
education students class 2019/2020 consisting of 19 male students and 76 female students at Jambi University with sampling
technique used is total sampling. The analytical technique used in this study is descriptive statistics with data collection assisted
by observation sheets aimed at measuring students' SPS. The results showed that female students had better SPS than male
students as indicated by the average score. These results indicate that girls tend to be more active in doing practicum, this
tendency arises as a result of a strong curiosity fromthe students themselves
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1. Introduction
1.1 Conceptual and Teoritical Framework

The development of technology at the present time has made life limitless in all areas. Globalization
and technology have changed the implementation of the education system which made present
students can use technology and their creative thinking to answer various problems. (Noe et al., 2014;
Turiman et al., 2012; Kamid et al, 2022). Thus, demands have an impact on teachers and prospective
teachers as educators must be able to fulfill all those competence as teachers of the 21st-century in
order to be able to teach student to improve students’ knowledge, creativity, and problem-solving skill.
In order to give students a good quality of learning, it requires teachers to have competencies and skills
beyond literacy and numeracy known as 21st-century skills (Haviz et al., 2018; Kim et al., 2019; Kamid
et al, 2022; Syahrial et al, 2022). Physics lessons as part of science took a big role in the development of
advanced technology and harmonious concepts with the environment (Koul et al., 2012; Astalini et al.,
2021; Ernawati et al, 2022). Therefore, an approach in teaching physics effectively and in accordance
with the demands of the 21st-century needs to be considered.

Physics education students as prospective educators do not only need a capable attitude as teachers
and know the concept of knowledge to be conveyed, but furthermore, students who take the field of
education will certainly become examples and guidance for their students in the future (Darmaji et al.,
2018). In an effort to become professional educators, provide good guidance and train to build students'
knowledge (Pharis et al., 2018; Astalini et al.,2021). One of the competencies that can be developed to
prepare prospective teachers in the 21st century is SPS (Yuliskurniawati et al., 2019). SPS must be
applied by teachers to convey facts effectively because science is not only knowledge but also a process
that can be learned using a constructivist approach through an SPS investigation (Karamustafaoglu,
2011). SPS should be owned by prospective physics teachers otherwise students will tend to be more
passive and cause students' independence in building themselves (Aydogdu, 2015; Darmaji et al., 2020;
Ernawati et al, 2022).

Physical knowledge can be identified into two important aspects, namely process skills and
material/content understanding. The concept knowledge consists of subject matter while the process
consists of essential skills that need to be mastered by students (Gultepe, 2016; Wahyuni et al., 2017).
Both are needed to be mastered by students in learning physics. SPS can help improve understanding
in physics concept knowledge (Kamid et al., 2021). SPS is a knowledge of problem solving and
understanding of knowledge by utilizing the understanding of scientific thinking and develop
understand scientific concepts (Kizilaslan, 2019; Ozgelen, 2012). The importance of this skill is that it can
support the learning process through a real experience such as laboratory activities (Duda et al., 2019).
In physics learning, laboratory activities or practicum are absolutely necessary because they are a forum
for building knowledge through practicum activities to prove the correctness of the concept (Astalini et
al., 2019; Muslim et al.,2021). Practicum can provide results that can foster creative thinking, defining
events, and solving problems. Those skills to done practicum are summed up in SPS.

A scientific approach can be developed with a learning application model to optimize the
empowerment of SPS. One of the teaching models to improving process skills in learning science is the
Problem-Based Learning Model (PBL) becaus e it is a student-centered method that emphasizes the
problem which is the starting point of the learning process (Susanti et al., 2017). In formulating a
problem, a problem is the basis for directing the learning process in class questions which will later be
developed into a process of finding answers to problems through scientific methods (Prasasti, 2016).
This problem-solving process will be able to facilitate students to develop student process skills (Kenedi

3850


https://doi.org/10.18844/cjes.v17i10.8253

Darmaji, D., Astalini, A., Kurniawan, D. A., Chen, D., Wirayuda, R. P., & Winda, F. R. (2022). Investigation Gender Difference Towards Science
Process Skills (SPS) Using Problem Based Learning. Cypriot Journal of Educational Science. 17(10), 3849-3862.
https://doi.org/10.18844/cjes.v17i10.8253

et al., 2019). Based on this, in developing students' cognitive aspects and solving cases, researchers
intend to combine practicum with PBL (Duda et al., 2019). It is possible for the practicum to understand
a material concept using experiments or observations whose output is an increase in students' abilities
in the domain of science; content knowledge, and process skills (Wiwin & Kustijono, 2018; Maison et
al., 2020).

1.2 Related Research

There have been gender stereotyping among teachers where gender influenced the level of ability
to learn science (Mutisya et al., 2013). The idea that male students are better than female students has
been ingrained for a long time in teachers or educators though (Yuliskurniawati et al., 2019). Many
studies have been conducted to find out whether men are superior to women in education. The SPS in
this study were measured based on the results of the test scores. This is in line with the results of
research (Yamtinah et al., 2017) that male students have a higher average score of SPS than female
students as measured by the Testlet instrument. The data collection instrument is in the form of
multiple-choice questions. There is also many research that showed gender had no effect on
competence as explained by (Damyanov & Tsankov, 2018) that male and female students do not have
SPS differences between each other.

There have been many studies that have taken SPS as the theme of their research. The research
conducted also varies, starting from combining variables, models, and media as media to help measure
students' cognitive, affective, and psychomotor skills. Research from Juhji & Nuangchalerm (2020)
shows that students' process skills can be interacted with several variables, namely science attitudes
and teacher abilities in managing the classroom. Zorlu & Zorlu (2017) have also conducted SPS research
which in their research was carried out by comparing SPS with other variables. The same thing was also
done by (Cakir, 2017) who also integrated SPS with student attitudes and learning outcomes. This shows
that the SPS variable is very flexible and varied to be used as a research variable.

In addition to combining the variables, SPS can be added to several models in its implementation. In
the research conducted by the author, the PBL model was chosen because it was considered suitable
for the situation and conditions in the classroom. Previous research from Duda et al., (2019) also took
the PBL model in the implementation of the practicum, but the difference lies in the differentiator where
researchers use gender while they use ethnicity as a data discriminator. The same thing was also done
by Serevina et al., (2018) who chose PBL as a model in the implementation of his practicum. As for the
research of Tan et al., (2020) it is slightly different because it prefers the inquiry model as its practicum
model. The difference in the selection of this model is certainly not a problem, because the way
someone teaches practicum is different, causing the selection not only from the model or other aspects,
which have different tendencies for each individual.

Then in terms of the differentiating variables, researchers prefer to use gender as the data
distinguishing variable. Saban et al., (2019) in their research also chose gender as a differentiating factor.
This is also in line with Amanso & Bassey (2017) who conducted research in Nigeria by paying attention
to the gender of the sample used. Gender is not the only distinguishing variable that is often used.
Research from Tilakaratne & Ekanayake (2019) shows that class differences can also distinguish the data
obtained. The same thing was also stated by Tugluk (2020) who took more differences in each class.
With the difference in the differentiating variables, it provides a diversity of data analyzed, if the
researcher takes gender as the difference, it means that the discussion is deeper into the biological
sample. Meanwhile, if you choose a class, then the discussion is more dominant to the situation and
condition of the students in the class. The research also takes Melde law material in carrying out its
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practicum where this research is different from previous research from Gunawan et al., (2019) which
discussed several different concepts such as heat and fluid dynamics. Of course, the selection of melde
law is very appropriate because most of these practicums are rarely carried out in high schools.

1.3 Purpose of The Study

Referring to the differences in existing research, the researcher decided to conduct a study to find
out the differences in the level of mastery of SPS based on gender through PBL-based practicum
activities. This research is conducted to know the level mastery SPS as a 21st centrury skills for
prospective teacher based on gender. This study sought to answer these following question:

1. How is the level of mastery of SPS based on gender at physics education students?

2. How is the description of basic and integreted scince process skill of physics education student
at Melde’s practicum based on PBL?

2. Method and Material
2.1.Research Model

The type of research used by the author is quantitative research. According to Apuke (2017)
guantitative research is research that uses data in the form of numbers as an analysis of a variable in an
effort to answer several questions, namely what, who, how much, where, how, and when.

2.2.Participants

The study used a total sampling. This study used a sample of 95 students with details of 76 female
students and 19 male students. The sample used is an active class of 2019/2020 physics education
students who are actively doing practicum in the laboratory.

2.3.Data Collection

The data collection was carried out by observers who assess students’ SPS while students were
doing Melde’s practicum based on PBL. In carry out the practicum students are using a practicum guide
that has been arranged based on PBL in the procedure. To measure students' SPS, the researcher used
the assessment instrument which explained in table 1. In this case, the observer is a laboratory assistant
who is authorized to assess students' SPS by using the assessment instruments that have been provided
by researcher.

Table 1. Number of items on SPS indicators

SPS Indicator Item Number Number of item

Observation 1,2,3,4,5,6,7 7

Classifying 10,11 2

Basic Measuring 12,13,14,15 4
Communicating 8,9 2

Predicting 16 1

Inferring 44,45,46,47,48,49 6

Identifying variables 17, 18,19 3

Compiling data table 20,21,22,23 4

Integrated Makirf.graph . . 24 1
\I?:Szglelgg realationship etween 25.26,27 3

Collecting and processing data 28,29,30 3
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Formulating hypotheses 31 1
Analyzing an practicum 32,33 2
Defining variables operationally 34,35,36 3
Designing investigation 37,38 3
Practicuming 39,40,41,42,43 5
Total 49

The observation sheet has 49 statement items consist of 16 indicators of SPS which can be seen in
Table I. The observation sheet use four likert scales. Intervals for the SPS category can be seen in table
below.

Table 2 . Category of students’ SPS mastery

Interval Category
1.00-1.75 Very Poor
1.76 - 2.50 Poor
2.51-3.25 Good
3.26-4.00 Excellent

2.4.Data Collection Process

This research was mostly conducted in the laboratory room of Jambi University. The first thing to
do in this research is to do a practicum, then the observers collect data using an observation sheet. The
data obtained were analyzed using SPSS, and then conclusions were drawn according to the research
objectives.

2.5.Data Analysis

Reasercher used IBM SPSS Statistics 25 software for processing data. The data that has been
collected then processed with descriptive statistics to make descriptions and to explain the data about
the population under investigation, consisting of the mean, median, mode, frequency, and percentage
of each indicator of SPS between female students and male students. The interval used refers to the
average value of each SPS indicator.

3. Result

After doing the practicum and collecting data, the researcher then analyzed the data that had been
obtained. For the results of students' mastery of SPS can be seen in table below.

Table 3. The result of students’ mastery of SPS

Gender Mean Median Modus Std. Deviation N
Female 3.35 3.38 3.31 .21942 76
Male 3.32 3.44 3.44 .27024 19

Based on the results of the data processing presented in table 3 which shows the results of the
assessment of SPS between female and male students in the Jambi University physics education study
program. From the data that has been processed, it is known that female students get an average score
of 3.35, median 3.38, mode 3.31, and standard deviation of 0.21942. This result is not much different
from that of male students, with an average of 3.32, median of 3.44, mode of 3.44, and standard
deviation of 0.27024. Based on the data obtained above, it can be seen that there is no big difference in
the mastery of SPS between female and male students.The following tables are a profile of the mastery
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of SPS of female and male physics education students in conducting Melde's practicums. This is viewed
from the 16 indicators of student SPS. Furthermore, the basic SPS description can be seen in table 4.

Table 4. Description of students’ basic SPS

Statistic Description

Indicator Gender
Mean Me Mo Category
. F 3.67 4.00 4.00 Excellent
Observation
M 3.68 4.00 4.00 Excellent
o F 3.26 3.00 4.00 Excellent
Classifying
M 3.11 4.00 3.00 Good
. F 2.30 2.00 2.00 Poor
Measuring
M 3.20 4.00 3.00 Good
o F 3.54 4.00 4.00 Excellent
Communicating
M 3.68 4.00 4.00 Excellent
o F 2.68 3.00 3.00 Good
Predicting
M 3.00 3.00 3.00 Good
. F 3.63 4.00 4.00 Excellent
Inferring
M 3.58 4.00 4.00 Excellent

As table 4 above showed there seem differences in the mastery of SPS on several indicators of SPS.
Female students have basic SPS that are in the excellent, good, and poor categories. The male students
have basic SPS which are in the excellent and good categories. Indicators of SPS that are mastered very
well by female students and male students are indicators of observation, communicating, and inferring
which are indicated by the results of the assessment being in the excellent category. Meanwhile, the
good category by female students and male students is a predicting indicator. The difference in the
mastery of SPS between male and female students can be seen in the classifying indicator where female
students are in the excellent category while male students are in a good category. It also happened in
indicator measuring where female students are in the poor category while male students are in a good
category. Based on the results of this measurement, it can be concluded that the basic SPS of male
students are better than female students. Furthermore, the integrated SPS description can be seen in
table 5.

Table 5. Description of students’ integrated SPS

Statistic Description

Indicator Gender
Mean Me Mo Category
. . F 2.35 2.00 2.00 Poor
Identifying variables
M 2.10 2.00 2.00 Poor
. F 3.09 3.00 3.00 Good
Compiling data table
M 2.50 2.00 2.00 Poor
. F 3.65 3.00 3.00 Good
Making graph
M 2.53 3.00 2.00 Good
F 3.12 3.00 3.00 Good
Describing relationship between variables
M 1.86 2.00 2.00 Poor
Collecting and processing data F 3.39 4.00 4.00 Excellent
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M 3.00 4.00 4.00 Good
. F 2.88 3.00 4.00 Good
Formulating hypotheses
M 3.05 3.00 3.00 Good
. . F 3.11 3.00 3.00 Good
Analyzing an practicum
M 3.05 3.00 3.00 Good
. . . F 2.50 2.00 2.00 Poor
Defining variables operationally
M 3.57 4.00 4.00 Excellent
o L F 3.68 4.00 4.00 Excellent
Designing investigation
M 3.94 4.00 4.00 Excellent
. . F 3.68 4.00 4.00 Excellent
Practicuming
M 3.47 4.00 4.00 Excellent

Based on Table 5, it obtained that female students have integrated SPS that are in the excellent,
good, and poor categories. Female students have integrated SPS that are in the excellent, good, and
poor categories. The indicator for SPS which was mastered very well by male students and male students
was indicator designing investigation and practicuming which was indicated by the results of the
assessment being in the excellent category. Meanwhile, the good category by female students and male
students is indicator making graph, formulating hypotheses, and analyzing an practicum. Meanwhile,
the poor category by female students and male students is an indicator identifying variable.

The difference in the mastery of SPS between male and female students appears in the compiling
data table indicator and describing the relationship between variables where female students are in a
good category while male students are in the poor category. Next is the defining variable operationally
indicator where female students are in the poor category while male students are in the excellent
category. Next is the collecting and processing data indicator where female students are in the excellent
category while male students are in a good category. Based on the results of this measurement, it can
be concluded that the integrated SPS of female students are better than male students. Then the
percentage of student SPS for each indicator can be seen in table 6.

Table 6. Percentage of students’ mastery of SPS indicators

Category
Indicator Very Poor Poor (%) Good (%) Excellent(%)

F M F M F M F M
Observation 0% 0% 5.3% 10.5% 22.4% 10.5% 72.4% 78.9%
Classifying 2.6% 0% 14.5% 31.6% 36.8% 26.3% 46.1% 42.1%
Measuring 6.6% 0% 52.6% 15.8% 38.2% 57.9% 2.6% 26.3%
Predicting 5.3% 0% 31.6% 10.5% 52.6% 78.9% 10.5% 10.5%
Communicating 0% 0% 7.9% 5.3% 30.3% 21.2% 61.8% 73.7%
Inferring 0% 0% 2.6% 5.3% 31.6% 31.6% 65.8% 63.2%
Identifying variables 13.2%  15.8% 51.3% 47.4% 23.6% 36.8% 11.8% 0%
Compiling data table 1.3% 15.8% 27.6% 47.4% 31.6% 31.6% 39.5% 5.3%
Making graphs 0% 15.8% 34.2% 42.1% 53.9% 31.6% 11.8% 10.5%

Collecting and
processing data
Describing Relationship
Between Variables

1.3% 5.3% 14.5% 26.3% 27.6% 31.6% 56.6% 36.8%

2.6% 0% 15.8% 63.2% 48.7% 26.3% 32. 9% 10.5%
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Defining Variables
Operationally
Formulating Hypotheses  6.6% 5.3% 31.6% 21.1% 28.9% 36.8% 32.9% 36.8%

17.1% 0% 42.1% 10.5% 30.3% 42.1% 10.5% 47.4%

Analyzing practicum 2.6% 5.3% 15.8% 15.8% 50% 47.4% 31.6% 31.6%
Designing investigation 0% 0% 5.3% 0% 21.1% 5.3% 73.7% 94.7%
Practicuming 0% 0% 6.6% 15.8% 18.4% 21.1% 75% 63.2%

The table above describes the percentage of mastery of SPS in each indicator. The table describes
the percentage of each level of mastery which has four levels, namely very poor, poor, good, and
excellent. Based on the table above, it can be seen that most of the students are in good and excellent
level. However, on several indicators of integrated SPS, there are still some indicators that are in a very
poor and poor level of mastery.

4, Discussion

SPS are one of the competencies that physics education students must possess as prospective
teachers. SPS are a competency that must be owned by students of physics education because physics
is a scientific study that requires observation and investigation in order to test or obtain a law, concept,
principle, or theory (Darmaji et al., 2019). Students as candidate physics teachers or educators who not
only teach, but also train, foster, and student guide. This requires students to master SPS because most
of the physics taught emphasizes activity-centered material. SPS are very useful to be able to find the
concepts learned by participating in conducting laboratory experiments. SPS generally has two types,
namely basic and integrated which has 16 indicators in total.

Previous study show there was different level of mastery between female and male students on SPS.
As it show in research which conducted by (Abungu et al., 2014) that male students have a higher
average value of SPS than female students. The SPS in this study were measured based on the results of
the test scores. This study has the same results as previous research from (Yamtinah et al., 2017) that
male students have a higher average score of SPS than female students as measured by the Testlet
instrument. These result contradict with the research by (Hamdani, 2017) which shows that female have
a better science process skill score than male students. Referring to the differences in existing research,
the researcher decided to conduct a study to find out the differences in the level of mastery of SPS. The
students' SPS are measured when students do practical activities. This is based on (Duda et al., 2019)
that practicum activities have an important role in developing SPS.

The description of SPS of physics education students at Jambi University is shown in Table 3. It is
describe that both male and female students has different level of mastering SPS. Female students was
only slightly had a higher average score for SPS than male students. These results are in line with
research conducted by (Beaumont-Walters & Soyibo, 2010) and (Yuliskurniawati et al., 2019) that female
have better SPS than male because female students are more careful in acting, especially when doing
practicum than male, and also female have a more perfectionist nature than male, it can be seen that
emale often check what they are doing. Quoted from the research results of (Yamtinah et al., 2017) that
female are better on concept understanding and interpretation data. Female students have a relatively
high level of science and good science laboratory participation that make them performed well in group
(Cahyanto et al., 2019). However, achievement in education should not be determined by gender but by
talent and efforts. Other studies suggest that it is very difficult to find a general description of influence
individual perceptions or behavioral or cognitive differences (Kristyasari et al., 2018). Both girls and boys
should receive equal treatment, equal attention and equal opportunity to learn since each of them has
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different learning styles (Sahin, 2014). Achievements in education should not be determined by gender
but by talent and efforts (Sonnert & Fox, 2012; Kurniawan et al, 2022).

Science Process Skill (SPS) contains two aspects of skills, namely cognitive skills and sensory-motor
skills as intellectual skills and basic knowledge behind the mastery of SPS (Aydogdu, 2015). One of the
activities that can support process skills is to do practicum (Lee & Sulaiman, 2018; Liew et al., 2019).
Thus practicum is essential in learning science so that everything related to its implementation is
important to pay attention to, one of which is the selection of the model used. In this study, practicum
activities for Melde's practicum were carried out base on PBL model. The model that is suitable for use
in practicum is certainly a learning model that emphasizes training in the learning process through skills,
one of these implementations can be seen in the PBL-based practicum (Sakir & Kim, 2020).

From table 4, table 5 and table 6, it can be concluded that physics education students are already in
the good category in mastering SPS at Melde's practicum using the PBL model. It was indicated by 11
out of 16 SPS indicators that were in the good and excellent category. The indicators of SPS that are in
the poor category are measuring, identifying variables, compiling data tables, describing the relationship
between variables, and defining variables operationally. Several factors made students have
undeveloped skills at those indicators. The reason for the undeveloped measuring skills is because
students doing practicums in groups so that only a few students have the opportunity to take
measurements due to limited tools. The lack of laboratory infrastructure can affect the student’s
experience. The lack of measuring skills affected students’ defining variable operationally skills
(Sujarwanto & Putra, 2018; Asrial, Maison & Perdana, 2022). In this study, students were still unable to
determine the variables because they were not used to them. This is partly due to the fact that the
practicum manual used does not require carrying out this stage. The factor of students has undeveloped
identification variables skills is also because of the traditional teaching that is still used by the teacher
(Kalemkus et al., 2016).

The importance of SPS for physics education students where they are trained and trained to become
a teacher is that later the students they teach will be directly involved in a practicum. SPS must be
utilized by teachers in effectively teaching science. Teachers need to make use of more interactive
approaches that actively involve learners in the teaching and learning process (Zulkarnaen et al., 2018).
The teacher plays an important role as a facilitator so that they must be able to direct and assist students
to find important information so that students are able to understand the material being taught properly
(Ahied & Ekapti, 2020). Physics education students as prospective teachers or professional educators or
teachers have the task of increasing their knowledge, guidance, and skills training. This requires students
to master SPS because most of the physics taught emphasizes activity-centered material.

The implications of this research can be divided into for students, for observers, and for teachers or
lecturers. For students, this can significantly improve their expertise or skills in conducting practicals. In
the short term, learning to use practicum to measure student SPS is expected to make it easier for
students to understand some abstract and imaginative material. In the long term, students in this case
as prospective physics teachers certainly need these skills in teaching in the classroom (Kramer et al.,
2018; Harahap et al., 2019). Learning should not only dwell on one method, but there must be variations
so that learning in class is not boring. For observers themselves, this is very useful to train how to do
good and correct research, especially in practicum. In addition, by observing the sample, the observer
indirectly trains to assess individuals who will later be useful as a teacher (Kruea-In et al., 2015). Then
for teachers or lecturers, this is very important to do because it can be a benchmark for how effective
learning is, if learning is considered ineffective then an in-depth evaluation is needed.
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5. Conclusion

The level of mastery of SPS in Melde practicum based on PBL, it was found that female students
showed better SPS than male students. Female students performed better in interpreting the data while
male students performed better in measuring. The profile of mastery of SPS in Melde's practicum vary
considerably. Overall, students have a good level at mastery SPS, but there are still some indicators that
are still underdeveloped. This implies that the importance of teaching physics is not only focused on
theoretical explanations but also emphasizes practicumal activities in which it can improve the ability of
SPS. Developing and/or using practice guides which arranged based on SPS might improve students'
abilities. The results of this study have limitations due to the availability of uncontrollable factors which
caused by practicum activities that held in groups so that several factors can affect the measurement
such as student participation in groups or equal opportunities for each group member in carrying out
practicum. These factors might be considered for further investigation.

6. Recommendation

This research basically only looks at students' SPS abilities using a problem based learning model.
This research can be developed and varied again by changing or adding other research variables such as
cognitive and affective variables. In addition, the author also suggests adding pretest and post-test
questions so that the effectiveness of the model used in practice can be seen. The analysis of the data
used is only limited to descriptive statistics so that for further research it is recommended to add the
hypothesis test as well

References

Abungu, H. E. O., Okere, M. I. 0., & Wachanga, S. W. (2014). Effect of SPS Teaching Strategy on Boys and Girls ’
Achievement in Chemistry in Nyando District, Kenya. Journal of Education and Practice. 5(15), 42-49.
https://www.iiste.org/Journals/index.php/JEP/article/view/13011

Afandi, Sajidan, Akhyar, M., & Suryani, N. (2019). Development frameworks of the Indonesian partnership 21 st -
century skills standards for prospective science teachers: A Delphi study. Jurnal Pendidikan IPA Indonesia,
8(1), 89-100. https://doi.org/10.15294/jpii.v8i1.11647

Ahied, M., & Ekapti, R. F. (2020). Conceptual understanding of pressure concept through problem based learning
in junior high school grade 8th. Journal of Physics: Conference Series, 1521(4). https://doi.org/10.1088/1742-
6596/1521/4/042120

Amanso, E. O. |., & Bassey, B. A. (2017). Assessment of selected SPS acquisition among senior secondary schools
students in Calabar education zone of cross river, Nigeria. International Journal of Scientific Research in
Education, 10(1), 119-126. www.ijsre.com/assets/vol.%2C-10(1)-amanso---bassey.pdf

Apuke, O. D. (2017). Quantitative Research Methods A Synopsis Approach. Arabian Journal of Business and
Management Review (Kuwait Chapter), 6(10), 40-47. DOI : 10.12816/0040336.

Asrial, A., Maison, M., & Perdana, R. (2022). A study of junior high school students’ attitudes and learning
motivation on science process. Cypriot Journal of Educational Sciences, 17(8), 2745-2759.
https://doi.org/10.18844/cjes.v17i8.7816

Astalini, A., Darmaji, D., Kurniawan, D. A., & Chen, D. (2021). Investigating Student Perceptions Based on Gender
Differences Using E-Module Mathematics Physics in Multiple Integral Material. Jurnal Pendidikan Sains
Indonesia, 9(4), 598-615. DOI: https://doi.org/10.24815/jpsi.v9i4.21297

3858


https://doi.org/10.18844/cjes.v17i10.8253
https://www.iiste.org/Journals/index.php/JEP/article/view/13011
https://doi.org/10.15294/jpii.v8i1.11647
https://doi.org/10.1088/1742-6596/1521/4/042120
https://doi.org/10.1088/1742-6596/1521/4/042120
http://www.ijsre.com/assets/vol.%2C-10(1)-amanso---bassey.pdf
https://doi.org/10.24815/jpsi.v9i4.21297

Darmaji, D., Astalini, A., Kurniawan, D. A., Chen, D., Wirayuda, R. P., & Winda, F. R. (2022). Investigation Gender Difference Towards Science
Process Skills (SPS) Using Problem Based Learning. Cypriot Journal of Educational Science. 17(10), 3849-3862.
https://doi.org/10.18844/cjes.v17i10.8253

Astalini, A., Darmaji, D., Kurniawan, D. A., & Chen, D. (2021). Students' Perceptions of Mathematical Physics E-
Module on Multiple Integral Material. Journal of Education Technology, 5(4), 612-621.
http://dx.doi.org/10.23887/jet.v5i4.33600

Astalini, Darmaji, Kurniawan, W., Anwar, K., & Kurniawan, D. A. (2019). Effectiveness of using e-module and e-
assessment.  International  Journal  of Interactive  Mobile  Technologies, 13(9), 21-39.
https://doi.org/10.3991/ijim.v13i09.11016

Aydogdu, B. (2015). The investigation of SPS of science teachers in terms of some variables. Educational Research
and Reviews, 10(5), 582—594. https://doi.org/10.5897/err2015.2097

Beaumont-Walters, Y., & Soyibo, K. (2010). An analysis of high school students’ performance on five integrated SPS.
Research in Science and Technological Education, 19(2), 133-145.
https://doi.org/10.1080/02635140120087687

Cahyanto, M. A. S., Ashadi, A., & Saputro, S. (2019). An Analysis of Gender Difference on Students’ Misconceptions
in Learning the Material Classification and Its Changes. Jurnal Inovasi Pendidikan IPA, 5(2), 157-167.
https://doi.org/10.21831/jipi.v5i2.26613

Cakir, N. K. (2017). Effect of 5E Learning Model on Academic Achievement, Attitude and SPS: Meta-Analysis Study.
Journal of Education and Training Studies, 5(11), 157. https://doi.org/10.11114/jets.v5i11.2649

Damyanov, |., & Tsankov, N. (2018). Mobile apps in daily learning activities. International Journal of Interactive
Mobile Technologies, 12(6), 133—-140. https://doi.org/10.3991/ijim.v12i6.9659

Darmaiji, Astalini, Kurniawan, D. A., Parasdila, H., Iridianti, Susbiyanto, Kuswanto, & Ikhlas, M. (2019). E-Module
based problem solving in basic physics practicum for SPS. International Journal of Online and Biomedical
Engineering, 15(15), 4-17. https://doi.org/10.3991/ijoe.v15i15.10942

Darmaji, D., Kurniawan, D. A., & Irdianti, I. (2019). Physics education students’ SPS. International Journal of
Evaluation and Research in Education (IJERE), 8(2), 293-298. https://doi.org/10.11591/ijere.v8i2.16401

Duda, H. J., Susilo, H., & Newcombe, P. (2019). Enhancing different ethnicity SPS: Problem-based learning through
practicum and authentic assessment. International Journal of Instruction, 12(1), 1207-1222.
https://doi.org/10.29333/iji.2019.12177a

Drake, S., & Reid, J. (2018). Integrated Curriculum as an Effective Way to Teach 21st Century Capabilities. Asia
Pacific Journal of Educational Research, 1(1), 31-50. https://doi.org/10.30777/apjer.2018.1.1.03

Duda, H. J., Susilo, H., & Newcombe, P. (2019). Enhancing different ethnicity SPS: Problem-based learning through
practicum and authentic assessment. International Journal of Instruction, 12(1), 1207-1222.
https://doi.org/10.29333/i{i.2019.12177a

Ernawati, M. D. W., Rusdi, M. ., Asrial, A. ., Muhaimin, M. ., Wulandari, M. ., & Maryani, S. (2022). Analysis of
problem based learning in the scaffolding design: Students’ creative-thinking skills. Cypriot Journal of
Educational Sciences, 17(7), 2333-2348. https://doi.org/10.18844/cjes.v17i7.7551

Ernawati, M. D. W., Sudarmin, S., Asrial, A., Haryanto, H., Azzahra, M. Z., & Triani, E. (2022). A study of attitude and
interest in the student’s lessons. Cypriot Journal of Educational Sciences, 17(6), 1901-1913.
https://doi.org/10.18844/cjes.v17i6.7484

Gultepe, N. (2016). High school science teachers’ views on SPS. International Journal of Environmental and Science
Education, 11(5), 779-800. https://doi.org/10.12973/ijese.2016.348a

Gunawan, G., Harjono, A., Hermansyah, H., & Herayanti, L. (2019). Guided Inquiry Model Through Virtual
Laboratory To Enhance Students'science Process Skills On Heat Concept. Jurnal Cakrawala Pendidikan, 38(2),
259-268. DOI: https://doi.org/10.21831/cp.v38i2.23345

3859


https://doi.org/10.18844/cjes.v17i10.8253
http://dx.doi.org/10.23887/jet.v5i4.33600
https://doi.org/10.3991/ijim.v13i09.11016
https://doi.org/10.5897/err2015.2097
https://doi.org/10.1080/02635140120087687
https://doi.org/10.21831/jipi.v5i2.26613
https://doi.org/10.11114/jets.v5i11.2649
https://doi.org/10.3991/ijim.v12i6.9659
https://doi.org/10.3991/ijoe.v15i15.10942
https://doi.org/10.11591/ijere.v8i2.16401
https://doi.org/10.29333/iji.2019.12177a
https://doi.org/10.30777/apjer.2018.1.1.03
https://doi.org/10.29333/iji.2019.12177a
https://doi.org/10.18844/cjes.v17i7.7551
https://doi.org/10.18844/cjes.v17i6.7484
https://doi.org/10.12973/ijese.2016.348a
https://doi.org/10.21831/cp.v38i2.23345

Darmaji, D., Astalini, A., Kurniawan, D. A., Chen, D., Wirayuda, R. P., & Winda, F. R. (2022). Investigation Gender Difference Towards Science
Process Skills (SPS) Using Problem Based Learning. Cypriot Journal of Educational Science. 17(10), 3849-3862.
https://doi.org/10.18844/cjes.v17i10.8253

Hamdani. (2017). Deskripsi Keterampilan Proses Sains Mahasiswa Calon Guru Fisika. Jurnal Pendidikan Matematika
Dan IPA, 8(1), 43-51. DOI: http://dx.doi.org/10.26418/jpmipa.v8il.18423

Harahap, F., Nasution, N. E. A., & Manurung, B. (2019). The effect of blended learning on student’s learning
achievement and SPS in plant tissue culture course. International Journal of Instruction, 12(1), 521-538.
https://doi.org/10.29333/iji.2019.12134a

Haviz, M., Karomah, H., Delfita, R., Umar, M. I. A., & Maris, |. M. (2018). Revisiting generic science skills as 21st
century skills  on biology learning. Jurnal Pendidikan IPA  Indonesia, 7(3), 355-363.
https://doi.org/10.15294/ipii.v7i3.12438

Juhji, J., & Nuangchalerm, P. (2020). Interaction between scientific attitudes and SPS toward technological
pedagogical content knowledge. Journal for the Education of Gifted Young Scientists, 8(1), 1-16.
https://doi.org/10.17478/jegys.600979.XX

Kalemkus, J., Bayraktar, S., & Kalemkus, F. (2016). Determining and comparing the science process skill levels of 5th
and 8th grade students. International Conference on Education in Mathematics, Science & Technology, 4(2),
79-83. https://dergipark.org.tr/en/pub/epess/issue/30322/332893

Kamid, K.., Rohati, R., Kurniawan, D. A., Perdana, R., Chen, D., & Wulandari, M. (2021). Impact of the Integration of
Ethno-mathematics with TPACK framework as a problem-based learning (PBL) model. Eurasian Journal of
Educational Research, 96(96), 217-239. https://ejer.info/index.php/journal/article/view/554

Kamid, K., Syafmen, W., Fajriah, N., Citra, Y. D., Rivani, P. A., & Widodo, R. I. (2022). Investigating the Role of
Traditional Games in Developing Students' Process Skills and Interest in Learning mathematics. Eurasian
Journal of Educational Research, 97(97), 216-234. https://doi.org/10.14689/ejer.2022.97.12

Kamid, K., Rohati, R., Hobri, H., Triani, E., Rohana, S., & Pratama, W. A. (2022). Process skill and student’s interest
for mathematics learning: Playing a traditional games. International Journal of Instruction, 15(3), 967-988.
https://doi.org/10.29333/iji.2022.15352a

Karamustafaoglu, S. (2011). Improving the SPS Ability of Science Student Teachers Using | Diagrams. Eurasian
Journal of Physics & Chemistry Education, 3(1), 26—38. https://doi.org/10.51724/ijpce.v3i1.99

Kenedi, A. K., Helsa, Y., Ariani, Y., Zainil, M., & Hendri, S. (2019). Mathematical connection of elementary school
students to solve mathematical problems. Journal on Mathematics Education, 10(1), 69-79.
https://doi.org/10.22342/jme.10.1.5416.69-80

Kim, S., Raza, M., & Seidman, E. (2019). Improving 21st-century teaching skills: The key to effective 21st-century
learners. Research in Comparative and International Education, 14(1), 99-117.
https://doi.org/10.1177/1745499919829214

Kizilaslan, A. (2019). The development of SPS in visually impaired students: Analysis of the activities. International
Journal of Evaluation and Research in Education, 8(1), 90-96. https://doi.org/10.11591/ijere.v8i1.17427

Koul, R., Roy, L., & Lerdpornkulrat, T. (2012). Motivational goal orientation, perceptions of biology and physics
classroom learning environments, and gender. Learning Environments Research, 15(2), 217-229.
https://doi.org/10.1007/s10984-012-9111-9

Kramer, M., Olson, D., & Walker, J. D. (2018). Design and assessment of online, interactive tutorials that teach SPS.
CBE Life Sciences Education, 17(2), 1-11. https://doi.org/10.1187/cbe.17-06-0109

Kristyasari, M. L., Yamtinah, S., Utomo, S. B., Ashadi, & Indriyanti, N. Y. (2018). Gender Differences in Students’
Science Literacy towards Learning on Integrated Science Subject. Journal of Physics: Conference Series,
1097(1), 1-8. https://doi.org/10.1088/1742-6596/1097/1/012002

Kruea-In, C., Kruea-In, N., & Fakcharoenphol, W. (2015). A Study of Thai In-Service and Pre-Service Science
Teachers’ Understanding of SPS. Procedia - Social and Behavioral Sciences, 197(February), 993-997.
https://doi.org/10.1016/j.sbspro.2015.07.291

3860


https://doi.org/10.18844/cjes.v17i10.8253
http://dx.doi.org/10.26418/jpmipa.v8i1.18423
https://doi.org/10.29333/iji.2019.12134a
https://doi.org/10.15294/jpii.v7i3.12438
https://doi.org/10.17478/jegys.600979.XX
https://dergipark.org.tr/en/pub/epess/issue/30322/332893
https://ejer.info/index.php/journal/article/view/554
https://doi.org/10.14689/ejer.2022.97.12
https://doi.org/10.29333/iji.2022.15352a
https://doi.org/10.51724/ijpce.v3i1.99
https://doi.org/10.22342/jme.10.1.5416.69-80
https://doi.org/10.1177/1745499919829214
https://doi.org/10.11591/ijere.v8i1.17427
https://doi.org/10.1007/s10984-012-9111-9
https://doi.org/10.1187/cbe.17-06-0109
https://doi.org/10.1088/1742-6596/1097/1/012002
https://doi.org/10.1016/j.sbspro.2015.07.291

Darmaji, D., Astalini, A., Kurniawan, D. A., Chen, D., Wirayuda, R. P., & Winda, F. R. (2022). Investigation Gender Difference Towards Science
Process Skills (SPS) Using Problem Based Learning. Cypriot Journal of Educational Science. 17(10), 3849-3862.
https://doi.org/10.18844/cjes.v17i10.8253

Kurniawan, D. A. ., Asrial, A. ., Aprizal, L. ., Maison, M., & Zurweni, Z. (2022). The role of religion and culture on
student attitudes in science learning. Cypriot Journal of Educational Sciences,17(6), 1983-2000.
https://doi.org/10.18844/cjes.v17i6.7491

Lee, M. C., & Sulaiman, F. (2018). the Effectiveness of Practical Work in Physics To Improve Students’ Academic
Performances. PEOPLE: International  Journal  of  Social  Sciences, 3(3), 1404-1419.
https://doi.org/10.20319/pijss.2018.33.14041419

Liew, S. S., Lim, H. L., Saleh, S., & Ong, S. L. (2019). Development of scoring rubrics to assess physics practical skills.
Eurasia Journal of Mathematics, Science and Technology Education, 15(4).
https://doi.org/10.29333/ejmste/103074

Maison, Darmaji, Aatalini, Kurniawan, D. A., Haryanto, Kurniawan, W., Suryani, A., Lumbantoruan, A., & Dewi, U. P.
(2020). Science process skill in science program higher education. Universal Journal of Educational Research,
8(2), 652—-661. https://doi.org/10.13189/ujer.2020.080238

Muslim, F., Refnida, R., Chen, D., & Wirayuda, R. P. (2021). Macroeconomic Digital Book Development: How are the
Feasibility of Experts and Student Responses? Journal of Education Technology, 5(3), 501-510.
http://dx.doi.org/10.23887/jet.v5i3.38280

Mutisya, S., Rotich, S., & Rotich, P. (2013). Conceptual Understanding of SPS and Gender Stereotyping : a Critical
Component for Inquiry Teaching of Science in Kenya’S Primary Schools. Asian Journal of Social Sciences &
Humanities, 2(3), 359-369. http://hdl.handle.net/123456789/1576

Noe, R. A., Clarke, A. D. M., & Klein, H. J. (2014). Learning in the Twenty-First-Century Workplace. Annual Review
of Organizational Psychology and Organizational Behavior, 1(2), 245-275. https://doi.org/10.1146/annurev-
orgpsych-031413-091321

Ozgelen, S. (2012). Students’ SPS within a cognitive domain framework. Eurasia Journal of Mathematics, Science
and Technology Education, 8(4), 283-292. https://doi.org/10.12973/eurasia.2012.846a

Pharis, T. J., Allen, L., Mahoney, J. V, & Sullivan, S. (2018). Implementation of the Teacher Professional Growth and
Effectiveness System in Rural Kentucky High Schools. International Journal of Education Policy and Leadership,
13(5). https://doi.org/10.22230/ijepl.2018v13n5a740

Prasasti, P. A. T. (2016). Effectiveness of Scientific Approach in Science Learning with PBL Setting to Empower SPS.
Bioedukasi, 9(2), 14-20. DOI: https://doi.org/10.20961/bioedukasi-uns.v9i2.4002

Saban, Y., Aydogdu, B., & Elmas, R. (2019). Achievement and gender effects on 5th grader’s acquisition of SPS in a
socioeconomically disadvantaged neighborhood. Journal of Baltic Science Education, 18(4), 607-619.
https://doi.org/10.33225/jbse/19.18.607

Sahin, E. (2014). Gender Equity in Education. Open Journal of Social Sciences, 2(1), 59-63.
https://doi.org/10.4236/jss.2014.21007

Sakir, N. A. ., & Kim, J. G. (2020). Enhancing Students’ Learning Activity and Outcomes via Implementation of
Problem-based Learning. Eurasia Journal of Mathematics, Science and Technology Education, 16(12), em1925.
https://doi.org/10.29333/ejmste/9344

Sellavia, P., Rohadi, N., & Putri, D. H. (2018). Penerapan Model Problem Based Learning Berbasis Laboratorium
untuk Meningkatkan Keterampilan Proses Sains Peserta Didik di SMAN 10 Kota Bengkulu. Jurnal Kumparan
Fisika, 1(3), 13—19. https://doi.org/10.33369/jkf.1.3.13-19

Serevina, V., Sunaryo, Raihanati, Astra, I. M., & Sari, . J. (2018). Development of E-Module Based on Problem Based
Learning (PBL) on Heat and Temperature to Improve Student ’ s Science Process Skill. The Turkish Online
Journal of Education Technology, 17(3), 26-36. https://eric.ed.gov/?id=EJ1184205

3861


https://doi.org/10.18844/cjes.v17i10.8253
https://doi.org/10.20319/pijss.2018.33.14041419
https://doi.org/10.29333/ejmste/103074
https://doi.org/10.13189/ujer.2020.080238
http://dx.doi.org/10.23887/jet.v5i3.38280
http://hdl.handle.net/123456789/1576
https://doi.org/10.1146/annurev-orgpsych-031413-091321
https://doi.org/10.1146/annurev-orgpsych-031413-091321
https://doi.org/10.12973/eurasia.2012.846a
https://doi.org/10.22230/ijepl.2018v13n5a740
https://doi.org/10.20961/bioedukasi-uns.v9i2.4002
https://doi.org/10.33225/jbse/19.18.607
https://doi.org/10.4236/jss.2014.21007
https://doi.org/10.29333/ejmste/9344
https://doi.org/10.33369/jkf.1.3.13-19
https://eric.ed.gov/?id=EJ1184205

Darmaji, D., Astalini, A., Kurniawan, D. A., Chen, D., Wirayuda, R. P., & Winda, F. R. (2022). Investigation Gender Difference Towards Science
Process Skills (SPS) Using Problem Based Learning. Cypriot Journal of Educational Science. 17(10), 3849-3862.
https://doi.org/10.18844/cjes.v17i10.8253

Sonnert, G., & Fox, M. F. (2012). Women, men, and academic performance in science and engineering: The gender
difference in undergraduate grade point averages. Journal of Higher Education, 83(1), 73-101.
https://doi.org/10.1353/jhe.2012.0004

Sujarwanto, E., & Putra, I. A. (2018). Investigasi keterampilan proses sains terintegrasi mahasiswa pendidikan fisika
Universitas KH. A. Wahab Hasbullah. Momentum: Physics Education Journal, 2(2), 79-85.
https://doi.org/10.21067/mpej.v2i2.2726

Susanti, D., Sari, L. Y., Supriatno, B., & Riandi, R. (2017). Designing PBL-Based Science Laboratory Handbook to
Improve  Student Laboratory Activities. Journal of Physics: Conference Series, 895(1).
https://doi.org/10.1088/1742-6596/895/1/012004

Syahrial, S., Kurniawan, D. A., Asrial, A. ., Sabil, H., Maryani, S., & Rini, E. F. S. (2022). Professional teachers: Study
of ICT capabilities and research competencies in urban and rural?. Cypriot Journal of Educational
Sciences, 17(7), 2247-2261. https://doi.org/10.18844/cjes.v17i7.7590

Tan, R. M., Yangco, R. T., & Que, E. N. (2020). Students’ conceptual understanding and SPS in an inquiry-based
flipped classroom environment. Malaysian Journal of Learning and Instruction, 17(1), 159-184.
https://doi.org/10.32890/mjli2020.17.1.7

Tilakaratne, C. T. K., & Ekanayake, T. M. S. S. K. Y. (2019). Achievement level of SPS of Junior Secondary Students :
Based on a Sample of Grade Six and Seven Students from Sri Lanka Achievement level of SPS of Junior
Secondary Students : Based on a Sample of Grade Six and Seven. International Journal of Environmental &
Science Education, 12(February), 2089-2108. http://www.ijese.net/makale/1970.html

Tugluk, M. (2020). The Effect of Primary Years Program (PYP) on Children’s SPS (SPS) in Early Childhood Education.
Cypriot Journal of Educational Sciences, 15(5), 1276-1287.
https://doi.org/10.18844/cjes.v15i5.4622

Turiman, P., Omar, J., Daud, A. M., & Osman, K. (2012). Fostering the 21st Century Skills through Scientific Literacy
and SPS. Procedia - Social and Behavioral Sciences, 59(1), 110-116.
https://doi.org/10.1016/j.sbspro.2012.09.253

Wahyuni, S., Indrawati, 1., Sudarti, S., & Suana, W. (2017). Developing SPS and problem-solving abilities based on
outdoor learning in junior high school. Jurnal Pendidikan IPA Indonesia, 6(1), 165-169.
https://doi.org/10.15294/jpii.v6i1.6849

Wiwin, E., & Kustijono, R. (2018). The use of physics practicum to train SPS and its effect on scientific attitude of
vocational high school students. Journal of Physics: Conference Series, 997(1), 1-8.
https://doi.org/10.1088/1742-6596/997/1/012040

Yamtinah, S., Masykuri, M., Ashadi, & Shidig, A. S. (2017). Gender differences in students’ attitudes toward science:
An analysis of students’ science process skill using testlet instrument. AIP Conference Proceedings,
1868(August). https://doi.org/10.1063/1.4995102

Yuliskurniawati, I. D., Noviyanti, N. |., Rosyadah, W. M., Mahanal, S., & Zubaidah, S. (2019). SPS based on genders
of high school students. Journal of Physics: Conference Series, 1241(1), 1-8. https://doi.org/10.1088/1742-
6596/1241/1/012055

Zorlu, F., & Zorlu, Y. (2017). Comparison of SPS with Stem Career Interests of Middle School Students. Universal
Journal of Educational Research, 5(12), 2117-2124. https://doi.org/10.13189/ujer.2017.051201

Zulkarnaen, Z., Supardi, Z. I., & Jatmiko, B. (2018). the Role of Knowledge Mastery and SPS To Increase the Scientific
Creativity. Unnes Science Education Journal, 7(2), 178—185. DOI 10.15294/usej.v7i2.23320

3862


https://doi.org/10.18844/cjes.v17i10.8253
https://doi.org/10.1353/jhe.2012.0004
https://doi.org/10.21067/mpej.v2i2.2726
https://doi.org/10.1088/1742-6596/895/1/012004
https://doi.org/10.32890/mjli2020.17.1.7
http://www.ijese.net/makale/1970.html
https://doi.org/10.18844/cjes.v15i5.4622
https://doi.org/10.1016/j.sbspro.2012.09.253
https://doi.org/10.15294/jpii.v6i1.6849
https://doi.org/10.1088/1742-6596/997/1/012040
https://doi.org/10.1063/1.4995102
https://doi.org/10.1088/1742-6596/1241/1/012055
https://doi.org/10.1088/1742-6596/1241/1/012055
https://doi.org/10.13189/ujer.2017.051201
https://doi.org/10.15294/usej.v7i2.23320

