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Abstract: Research by several researchers on Biology Education Research (BER) showed that
science process sKkills (SPS) were still a little bit researched. The purposes of this research are
to reveal the followings: (1) the potential of inquiry-based student books integrated with
local resources to improve students' science process skills; and (2) the differences in boys
and girls science process skills. An experiment using the factorial design (2 X 2) was done on
52 randomly-selected senior high school students. Data collection was used essay test, then
analyzed using ANOVA. This research revealed that students' SPS experienced an
improvement when they studied in an inquiry class supported by a student book integrated
with local resources. There is no distinction in the science process skills of boys and girls
students. Boys and girls have the same opportunity to develop their SPS.

Keywords: Biology teaching and learning, inquiry learning, local resources, science process
skill, student books

Buku siswa berbasis inkuiri terintegrasi sumber daya lokal: Dampaknya
terhadap keterampilan proses sains siswa

Received: 09-08-2021
Accepted: 12-12-2021

Abstrak: Penelitian beberapa peneliti dalam Biology Education Research (BER) menunjukkan
bahwa keterampilan proses sains (KPS) masih sedikit diteliti. Penelitian ini bertujuan untuk
mengungkap hal-hal sebagai berikut: (1) potensi buku siswa berbasis inkuiri yang
terintegrasi dengan sumber daya lokal untuk meningkatkan keterampilan proses sains siswa;
dan (2) perbedaan keterampilan proses sains anak laki-laki dan perempuan. Percobaan
menggunakan desain faktorial (2 X 2) dilakukan pada 52 siswa SMA yang dipilih secara acak.
Pengumpulan data menggunakan tes esai, kemudian dianalisis menggunakan ANOVA.
Penelitian ini mengungkapkan bahwa KPS siswa mengalami peningkatan ketika mereka
belajar di kelas inkuiri yang didukung oleh buku siswa yang terintegrasi dengan sumber daya
lokal. Tidak ada perbedaan dalam keterampilan proses sains siswa laki-laki dan perempuan.
Anak laki-laki dan perempuan memiliki kesempatan yang sama untuk mengembangkan KPS
mereka.
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INTRODUCTION

Science process skill (SPS) is still a concern to be researched in the last three years
(Andini et al., 2018; Bernard & Dudek-rézycki, 2020; Dilek et al., 2020; Fuad et al,, 2019;
Harahap et al,, 2019). However, the research on the effect of SPS in biology class has been
getting less attention. International study of Biology Education Research (BER) by (Gul &
Sozbilir, 2016) proved the effect. They revealed that related to teaching content, only
around 15.9% of the articles examined the effect of learning process on SPS. The effect on
achievement is at the highest position (69.9%), followed by the comparison of methods and
attitude. So is the result of articles particularly related to biology education that were
published specifically in the Biology Education journal in Indonesia (Haviz & Ridho, 2019).
They revealed that BER element related to skill aspect was only 15%. This element is much
smaller than cognitive aspect that reaches 64%, and then followed by affective aspect.
Analysis of research variables in 122 special articles of Biology Education journal showed
that there were only 3.6% SPS-based research (Fauzi & Pradipta, 2018).

The students’ SPS average was still in the low category (Damopolii, Yohanita, et al.,
2018; Irwanto et al,, 2018; Mandasari et al,, 2021). The survey result of 231 students
showed that the students’ average SPS was not optimal (Andini et al., 2018). Other research
found that 56.75% of the students could answer SPS questions, while two out of the three
biology classes or about 42.98% of the students had lower scores (Erkol & Ugulu, 2014).
The higher the age of the samples being studied, the lower their mean SPS, although the
result is not significantly different. However, SPS in biology subject is lower than other
subjects. Biology becomes a separate subject in the senior high school level. In order to
improve students' SPS in biology, senior high school students need to be considered. High
school students’ SPS need to be prepared nicely so that they will have sufficient SPS when
being at the next level. This is a challenge that teachers at the high school level need to pay
attention to. Teachers early readiness is important in fostering their students' SPS.
Moreover, a research in a particular area of Indonesia found that high school students in
that area had low SPS scores. This is consistent with our initial research of 201 public high
school students in West Papua. We found that their scores were low in the six SPS indicators,
namely observing, measuring, formulating problems, communicating, formulating
hypotheses, and make a conclusion. Student SPS becomes low because it is rarely
introduced and the learning process is not optimal (Ismail & Jusoh, 2001; Jirana &
Damayanti, 2016).

Biology teaching must be transformed towards the empower of science process skills
(Chatila & Husseiny, 2017; Damopolii et al., 2019). A scientific approach based learning is
required to improve SPS (Zulirfan et al., 2018). In science learning, inquiry improves
student science process skill (Marian & Jackson, 2017). In fact, inquiry is an attractive
method for class with various cultures (Aco et al., 2021; Lelasari et al., 2021; Tong et al,,
2014). Surely, teacher support will make the implementation of this learning more
successful (Aditomo & Klieme, 2020). No distinction was found among inquiry and
conventional groups (Cobern et al, 2010). An innovation needs to be done for its
implementation (Akuma & Callaghan, 2019). The inquiry-based learning can be more
successful than other educational methods as long as students are properly equipped
(Lazonder & Harmsen, 2016). Effective and productive learning requires instructional
resources to help students and teachers execute learning tasks (Andromeda et al., 2019).
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There is no substitute for students in terms of having to engage in scientific phenomena that
are done appropriately (Osborne, 2015). It provides students the opportunity to participate
and be involved in the activities of scientific inquiry. In addition, the activities are more
student-centered and require students to be actively involved in the investigative activities.
Biology teachers must realize that the presence of conventional approaches is less effective
in improving science process skills (Ping et al., 2019). Teachers must be able to teach
students the SPS, be it inside or outside the classroom (Abdullah et al.,, 2015).

Regarding the SPS, several studies have shown that there are differences in results
based on the gender of students. For example, Giirses et al. (2015) found differences in the
SPS of boys and girls. Their research revealed that boys students were higher in basic,
casual, and experimental SPS than girls. Another research by Zeidan & Jayosi (2014) shows
that there are differences in SPS by gender in Palestine. However, in their research, it was
revealed that girl students had better SPS than Boys students. Research conducted by Cakir
& Sarikaya (2010) found the same thing that girls students are more SPS than boys. Inquiry
learning should not cause differences in students' abilities (Jan Hendriek Nunaki et al,,
2019).

In the school curriculum, there are obstacles that prevent SPS from being properly
developed. Classroom learning is not designed to develop these skills. The teaching
materials used by the teachers have not been designed by themselves. They used power
points and a collection of student books provided by the Ministry of Education. Students can
ask something if they have seen it in real life. In that sense, students often observed it in
their life, but they did not know that it was a scientific phenomenon because their observing
skills were not properly trained. Questioning and observing skills are part of the SPS
indicator. For that, a student book that is designed based on real phenomena in their lives
is needed. Student books can be designed by utilizing local resources in their area. Local
resources especially in West Papua are diverse. It can be used by the teacher as a source of
student learning material. Students may not go looking at the mountainside or in the
wilderness. They can observe the local resource they have when it is included in their
textbooks. It is a good idea to use local resources by integrating them into the textbooks.
This research is to reveal two objectives as follows: (1) the potential of inquiry-based
student books integrated with local resources to improve students' science process skills;
and (2) to reveal the differences in the science process skills of boys and girls.

METHOD

This research is adapted from an experimental research. Factorial design (2 X 2) was
used as a research design. This study compares the followings: (1) student SPS in inquiry
learning (X) and conventional learning (C) based on gender, namely boys (1) and girls (2);
and (2) before the treatment, the students had been given an SPS test (pre-test). The test
was intended to measure students' initial abilities. Pre-test was given in both control and
experimental groups. The inquiry teaching was implemented on treatment group, while the
conventional teaching was implemented on control group. At the end of the learning
process, the students were given the same test (post-test). Then determining the boys and
girls SPS N-gain of both the treatment and control group.

Randomly, 52 students were recruited as the research sample. The sample was class
X science students (first year in senior high school). As many as 13 boy students and 13 girl
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students were in the experimental group. So is the number of students in the conventional
group. The students were in the range of 15-16 years old.

The Inquiry-based student book that the researchers use in this research was a
development result product (Damopolii, Nunaki, et al., 2018). Therefore, this student book
has met the criteria for use in learning. We use this development result product with the
reason of not repeating the validation process for student books. The test for measuring
science process skills was in total of 6 items. Each indicator consists of one essay test item.
The 6 SPSindicators had been measured and the validation was calculated using the product
moment formula. The 6 indicators and the result of the validity test are as follows: (1)
observing (r = 0.564, p < 0.05); (2) formulating the problem (r = 0.648, p < 0.05); (3)
formulating a hypothesis (r = 0.708, p < 0.05); (4) measuring (r = 0.543, p < 0.05); (5)
communicating (r = 0.621, p < 0.05); and (6) making conclusions (r = 0.708, p < 0.05). The
reliability of the science process skills test was 0.703 (reliable).

The learning process takes place over four weeks. Each meeting lasts for 135 minutes.
Inquiry learning is done through the following stages: (1) Orientation: students are situated
on a problem related to their life; (2) Observation: students are directed to observe a
phenomenon through an image; (3) Problem formulation: students are asked to propose a
problem statement; (4) Hypotheses formulation: based on the problem formulation,
students are asked to propose a temporary answer; (6) Data collection: students are
searching for the science information needed to test the hypothesis. Students make
observations in the field; (7) Hypothesis test: students decide the answers that are deemed
to be agreed in conjunction with the evidence or knowledge-based obtained on data
collection. At this stage, the teacher convinces the students to decide the right and
appropriate answer in conjunction with the hypotheses.; (8) Conclusion generation:
students explain the findings obtained based on hypothesis testing. In this stage, the teacher
guides students to put forward the results of hypothesis testing and straighten out the right
answers. The teaching topics are biotic and abiotic components, the units of living things,
energy flows and material cycles, food chain and nests, biogeochemical cycles, and
ecological pyramids.

The first data analysis was descriptive, followed by inferential analysis. The data
analyzed were the SPS N-gain of both groups in terms of gender differences. N-gain = post -
pre / 100 - pre. N-gain consists of three categories, namely high (N-gain > 0.7), medium (0.3
< N-gain < 0.7), and low (N-gain < 0.03). Two-ways Anova is used assuming normality and
homogeneous data. The Kolmogorov Smirnov test had been carried out and it was found
that the N-gain of the control group was normally distributed (z = 478, p > 0.05), and the N-
gain of the experimental group was normally distributed (z = 1.01, p > 0.05). Levene's test
had been performed and it was found that homogeneity was met (df1 = 3, df2 =48, F = 2.066,
p > 0.05).

RESULTS

In this research, data on students' SPS was collected. Classification of low and high
improvement on the student's SPS are determined based on the N-gain score. It was
revealed that there were differences one group to another. The research data are presented
in Tables 1 and 2. In addition, it is also equipped with charts of student achievement on each
indicator of SPS. Figure 1 shows that.
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Table 1. Mean and standard deviation of SPS

Pre Post N-gain
Group Gender N
Mean SD Mean SD Mean SD
Girl 13 28.53 12.01 5256 23.04 0.36 0.24
Control Boy 13 29.17 8.1 44.23 16.88 0.21 0.24
Total 26 28.85 10.20 48.40 20.24 0.29 0.25
Girl 13 28.85 8.75 79.49 9.84 0.71 0.15
Experimental Boy 13 26.28 17.04 80.45 11.08 0.73 0.15
Total 26 27.57 1334 7997 10.28 0.72 0.15
Boy 26 28.69 1030 66.03 22.13 0.53 0.26
Total Girl 26 27.72 1328 62.34 23.17 0.47 0.33
Total 52 28.21 11.77 64.18 22.51 0.50 0.30

Table 1 shows the low SPS increase (N-gain = 0.29) in the control group, but high
increase (N-gain = 0.72) in the experimental group. The N-gain difference of both the
experimental and control groups is 0.43. It is a huge difference. There is a difference in SPS
achievement in terms of the gender of students in the two groups. Testing of the effect of
learning in terms of student gender is presented in Table 2.

Table 2. ANOVA test result of the treatment's impact on student SPS

Source Sum of Squares df Mean Square F P
Group 2.438 1 2.438 60.633 0.000
Gender 0.053 1 0.053 1.318 0.257
Error 1.930 48 0.040

Total 17.616 52

%’g?“ed 4516 51

a. RSquared = 0.573 (Adjusted R Squared = 0.546)

Table 2 indicated that the treatment impacted student SPS. Inquiry learning
supported by student books integrated with local resources was better than conventional
learning (F = 60.633, p < 0.05). There was no effect of gender on student SPS (F=1.318,p >
0.05). Furthermore, the N-gain of each SPS indicator is presented in Figure 1.

Figure 1 reveals that the students' SPS in the experimental group looked better than
the control group. Inquiry learning supported by student books integrated with local
resources encourages SPS improvement. This learning effect on experimental group
dominates all measured SPS indicators compared to conventional group. In the
experimental group, four indicators that are formulating a hypothesis (FH), formulating a
problem (FP), observing (0), and measuring (M) reached the category of high. Two
indicators that are communicating (C) and making conclusions (MC) reached the category
of medium. While in the conventional group, only three categories reached the moderate
category, namely formulating a hypothesis, formulating a problem, and measuring. The
other three indicators, namely communicating, observing, and making conclusions were in

137



the low category. Student SPS experiences an improvement when learning in the inquiry
class supported by student books integrated with local resources. When learning in a
conventional class, the students' SPS becomes low.

0.90 N
0.80 077 (] I

0.70 praas
0.60 >

0.50

0.3¢6 Control
A A Experimental
030 0.21 0.26

L 0.1
0.20 g

Score of Science Process SKkill

0.10

0.00

0 Indfc%tor of Scﬁa}r{we Procesl\éI Skill

Fig. 1. N-gain of each SPS indicator in control and experimental groups

DISCUSSION

This research revealed that inquiry-based student books integrated with local
resources could improve student SPS. It has a better potential than conventional learning.
Student books based on inquiry integrated with local resources resulted in a higher SPS
improvement (see table 1) and a significant effect (see table 2) than conventional learning.
The student SPS was low because of the use of conventional learning (Widdina et al., 2018).
Although research conducted by (Simsek & Kabapinar, 2010) stated that there was an effect
on student SPS, the average post-test reaches only 17.00 with a multiple choice test of 31
items. Likewise, (Yagli, 2019) found that lake ecosystem learning material with the help of
inquiry learning was effective in improving student SPS. However, this result cannot be
included as optimal because 48 of the students SPS N-gain was 0.25. In contrast to what we
found that the inquiry book affects student SPS with an N-gain of 0.72 (see Table 1). This
result improves the findings of (Gumilar & Wardani, 2020) who found that student final SPs
was 81.88, but the N-gain was only 0.67 in inquiry learning. This book is here to support the
inquiry learning being carried out. Students are stimulated to initiate observations through
the images provided in the book. The images provided are real phenomena that occur in
their environment. The images help students in improving their abilities (Tong et al., 2014).
The observation starts the student SPS coaching process.

Indeed, Mulyeni et al, (2019) revealed that students could get scientific facts,
concepts and information through books. Science learning tends to focus on knowledge
rather than doing it as a process. Our research changes this paradigm. Students are
encouraged to be involved in real events on their environment. These events cannot be seen
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directly in the field because of the limited time, energy, money and others. Integrating this
phenomenon into student books is a good idea. It succeeded in making students' science
process skills well developed. Teaching SPS to students based on the context they recognize
makes them understand the material better (Monhardt & Monhardt, 2006). The researchers
developed the less-attractive student book into a book that enable the students to learn
about their environment. The students were very happy when receiving the developed
books as if they were receiving something valuable. Student books that contain local content
that are relevant to the learning topic enable the students to gain a meaningful context and
support inquiry learning (Babaci-Wilhite, 2017; Monhardt & Monhardt, 2006).

The book used is not only about incorporating local resources into it, but also oriented
towards inquiry learning. The researchers realize that inquiry-based student book support
is indispensable. The integration of local resources into student books encourages students’
curiosity on a phenomenon. For example, a protected forest is included in the student books.
That's where the teacher stimulates students to see/understand the state of their
environment. In this stage, the observation skill is being fostered by the teacher. Their initial
observation is indeed started from observing images, but it's only the beginning of the
process of introducing them to the biological phenomena around them. Then the process is
continued to lead students into the real world. Changing student boredom with science is
done by telling stories, providing interesting pictures, and taking them to real-world
observations (Bhure et al,, 2021; Dilek et al., 2020; Ruto et al,, 2021).

Initially, interesting images of phenomena in their own real natural environment are
given to the students. Then the next process directs the students to real phenomena in the
field (environment) which are associated with the phenomena in the books integrated with
local resources. A discussion about primary literature is good for building student SPS.
Students can hypothesize, test it and finally determine a conclusion (Abdullah et al., 2015).
The process of student orientation to the problem is carried out by stimulating students’
thinking process by asking the followings: (1) "Do you recognize the phenomena on the
images?”; (2) Are there biotic and abiotic components there?”; (3) “Shift your gaze to the
park in the school. Are the components there?’; (4) “Are the types of components the
same?”. The process of students stimulation is started by asking questions and formulating
a hypothesis. The questions help students to develop their SPS (Saban et al., 2019). When
contextual problems are given to students, they are getting very enthusiastic to find the
answers (Mouromadhoni et al., 2019).

Inquiry learning supported by student books integrated with local resources provides
opportunities for students to explore their abilities. The students are given the opportunity
to collect data in the field and discuss it with their friends. Their findings are then matched
with the theory stated in the local resources integrated book. When students are together
in a group, they interact with each other and collaborate in the problem-solving process,
which forms an emotional bond between classmates (Wilton et al., 2019). The interaction
between friends and / or between students and teachers is a determining factor for the
success of inquiry learning (Mulyeni et al.,, 2019; ] H Nunaki et al., 2020). When collecting
data, the students are involved in a process of measuring the observation object.
Communication occurs among students in groups. Occasionally the teacher helps them im
directing their data collection process. Communication can occur at any time (Dilek et al.,
2020). Their findings are discussed to obtain an answer. A discussion is done to test whether
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the proposed hypothesis is accepted or rejected. After finding and analyzing the data, then
a conclusion was made. Communication is still ongoing with the presentation of their
findings in front of the class. The local resources integrated book has been used in the
beginning until the end of learning process. It appears that this book supports inquiry
learning. The local phenomenon connected with the biological content in this book serves
as an initial stimulant for students' curiosity. Then the observation of the real phenomenon
is done around their school.

On the other hand, the learning carried out in the control group is a little bit different.
Students actively listen to the teacher's explanation. The teacher starts and ends the lesson.
Students listen to it until it is finished. The learning process uses student books which are
printed with a general context. The student books are printed in black and white. The books
are not inquiry oriented and general in nature because the books are intended for high
schools throughout Indonesia. The Biology textbook should focus on observation activities,
and simple experiments based on the inquiry process (Faisal & Martin, 2019). The final
result of the measurement shows that the students' science process skills were weak.
Student books that were not integrated with inquiry and local resources cause SPS to be low
(Andromeda et al., 2019). However, when it is integrated with inquiry and local resources,
it makes them enjoy the process as well as improving their SPS effectively (Dwianto et al.,
2017; Ping & Osman, 2019; Tupas, 2019). Conventional learning provides them with limited
access. They cannot explore their environment while studying. They focus on teachers only.
Pay attention to their teacher's explanation. Occasionally there is an active process in the
form of a question from a student and an answer from a teacher or student. Classes make
students passive. Students feel unmotivated to learn causing their process skills to not well
developed. This is shown by their low SPS N-gain (0.29). The final mean of students' SPS in
conventional class reached only 48.80, whereas in inquiry learning the SPS reached 79.97
with a high N-gain of 0.72.

In all of the six measured SPS indicators, a higher average of SPS was found in the
inquiry class supported by the books integrated with local resources. There is no single
achievement indicator in conventional classrooms that exceed students SPS in the inquiry
class (see Figure 1). Observation, problem formulation, hypothesis formulation,
measurement and communication skill can be fostered to students through inquiry
learning. Mulyeni et al., (2019) stated that observation and measurement skills could be
fostered through inquiry learning. All SPS indicators become less good when students learn
in conventional classes. The researchers finding in this research complement several
previous researches. The low level of student communication is the effect of the less
frequent experience of students to convey their scientific activities result both in writing
and speaking (Andini et al, 2018). The students have a high measuring ability but low
communication ability (Akani, 2015). Other researches stated that students had a low
hypothesis formulation skill (Adlim, 2018; Herawati et al., 2019), not optimal observation
skill (reaching 2.45 from a total of 5 points), measuring (reaching 2.56 from a total of 5
points), formulating hypothesis (reaching 2 from a total of 5 points) (Rabacal, 2016). Only
50.9% of students completed the observation skill test and 50.5% of students completed
the measuring skill test (Tilakaratne & Ekanayake, 2017). The use of inquiry learning
supported by student books which is integrated with local resources can improve student
SPS. In sequence, the highest N-gain starts from hypothesis formulation, problem
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formulation, observation, measurement, communication, and conclusion generation. This is
also in line with the findings of (Guevara, 2015) which stated that conclusion generation is
lower than the total measured indicator. A research to further optimize this SPS indicator is
needed.

On the other hand, this research also tries to reveal things related to SPS in terms of
gender. Inquiry learning supported by student books integrated with local resources gives
an equal effect on student SPS on both boys and girls students. Likewise conventional
learning, even though this method did not improved the student's SPS well, it still provides
equal opportunities for boys and girls students to develop their SPS. There is no different in
the N-gain SPS of boys and girls students. This study reveals that boy and girl students do
not have different SPS. However, the data shown in Table 1 shows that both boys and girls
SPS will have a better SPS in inquiry learning supported by student books integrated with
local resources. Several previous researches found that SPS differs by gender. The boys and
girls student SPS are different (Giirses et al, 2015; Tilakaratne & Ekanayake, 2017).
Researches by (Cakir & Sarikaya, 2010; Yuliskurniawati et al., 2019; Zeidan & Jayosi, 2014)
stated that girls students had a better SPS than boys students. In contrast to other research
founded that the boys students excel at three indicators out of five SPS indicators, while girls
students excel only at two indicators (Yamtinah et al.,, 2017). But these findings are different
from what the researchers find in this research. The application of inquiry learning
supported by student book integrated with local resources did not make a difference
between boys students' SPS and girls students SPS, as well as in the conventional learning.

The findings obtained raise an argument that a good learning process does not cause
gaps in girls’ and boys’ SPS. Learning process must provide equal opportunities for boys and
girls to develop (Feu Gelis & Abril Morales, 2020). Inquiry learning supported by books
integrated with local resources is a learning design that is appropriate to be used. Learning
process must be designed so that boy and girl students produce the same abilities. The use
of conventional learning will increase the risk of student's SPS weakening. Teachers can use
inquiry supported by books integrated with local resources where they teach. This
combination can improve student SPS which is getting weaker.

CONCLUSION

Based on the presentation of research results and discussion above, the conclusion in
this research is that inquiry-based student book integrated with local resources has good
potential to improve student process skills (SPS). There is no difference in the science
process skills (SPS) of boy and girl students. In fostering students' science process skills,
teachers can use local resources combined with inquiry learning. Local resources can be
used as learning resources by integrating them into student books. This book supports
inquiry learning to develop SPS of boy and girl students. Optimization of conclusion
generation skill is not included this research. Future studies are needed to optimize the
conclusion generation skill of students.
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