ATLANTIS
PRESS

Advancesin Social Science, Education and Humanities Research, volume 556

Proceedings of the 2nd Annual Conference on Education and Social Science (ACCESS 2020)

Guided Inquiry Based Biological Teaching
Materials to Improve Science Process Skills of
Junior High School Students

| Putu Artayasa*
Biology Education
University of Mataram
Mataram, Indonesia
artayasa75@unram.ac.id

Gito Hadiprayitno
Biology Education
University of Mataram
Mataram, Indonesia
gitohadiprayitno@unram.ac.id

Abstract—Science process skills are an indispensable ability
in studying science because they are positively correlated with
student science learning outcomes. The development of science
process skills in junior high school students can be facilitated
through the application of teaching materials based on guided
inquiry learning. The purpose of this study was to develop
science teaching materials on appropriate biology materials
using a guided inquiry model to improve the science process
skills of junior high school students. The development of
teaching materials is carried out through the application of the
4 D development model which is focused on the Define, Design
and Develop stages. The teaching materials developed are in the
form of teaching materials and students’ worksheet which
emphasize the application of science process skills and concept
map preparation. The feasibility test of teaching materials was
carried out by three experts consisting of material experts and
junior high school science teachers. The feasibility test is also
equipped with student assessment of the teaching materials
being developed. The instrument for the feasibility test is in the
form of a questionnaire with a score based on a Likert scale of
1-4. There are three indicators for the assessment of teaching
materials including presentation, content, and language. The
results showed the average score for the assessment of teaching
materials from experts on indicators of content, presentation,
and language, respectively 87%, 849%, and 85.5% with an
average of 85%, while students gave an average feasibility
score. by 80%. The conclusion of the study is that the teaching
materials developed are very suitable to be used to support the
improvement of science process skills of junior high school
students.

Keywords— concept maps, guided inquiry learning, science
process skills

I.INTRODUCTION

Science process skills are very important abilities that
students have in supporting the implementation of science
learning, because these skills not only provide provisions for
students to handle problems of daily life, but also help
improve student learning outcomes. Science process skills are
mental and physical abilities needed to make it easier to learn
science and technology and solve individual and social
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problems [1], [2]. The relationship between science process
skills and students' science abilities was stated by Feyzioglu
[3] that science process skills correlated significantly
positively to students' science abilities. Similar opinion was
presented by Feyzioglu et al.[4] that science process skills
are the main abilities needed to develop students' scientific
literacy. A more detailed opinion was expressed by Irwanto
et al.[5] that the increase of students' science process skills
has an effect on improving their thinking skills, inquiry
activities, problem solving, and creativity.

The important role of science process skills in science
learning makes it the main activity in the implementation of
junior high school science learning. This is evidenced by the
establishment of a scientific approach which includes
activities to observe, ask questions, collect information or
conduct experiments, process information and communicate
information, which are part of science process skills, as the
main motor of the 2013 curriculum implementation. student
science process in Indonesia still needs to be improved. The
results of research by Irwanto et al. [5] shows that the
achievement of basic science process skills of Indonesian
students in science lessons is still in the medium category,
while integrated process skills, such as making experimental
designs and processing experimental results, are in the low
category. The same thing was said by Artayasa et al. [6]and
Subali [7] that students have difficulty applying integrated
skills, such as making experimental steps and presenting
observational data into tables and graphs.

Indications of the low science process skills of junior high
school students in Indonesia can also be seen from the
evaluation results of the Program for International Student
Assessment (PISA) towards students' scientific literacy. The
results showed that Indonesian students are always in the
bottom 10 of the 60 - 70 countries that follow the PISA
evaluation[8], [9]. The results of Lestari's research [10] on
248 students spread across five junior high schools in
Mataram City showed that almost 50% of students had low
and very low categories of scientific literacy scores, and only
5% had high scores of scientific literacy. The average science
literacy score of the junior high school students was 53 which
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was in the low category. Research on science teachers at
SMP Kota Mataram also showed that 50% of the teachers
studied had low category science literacy scores [11]. Based
on the results of this study, serious efforts need to be made as
soon as possible to improve the scientific literacy of
Indonesian students.

Increasing students' scientific literacy requires mastery of
good science process skills, because scientific literacy is
positively correlated with science process skills [4].
According to Anggraini [12], conventional learning that has
been applied so far is not optimal in facilitating the
development of students' science process skills. Nworgu and
Otum [13] recommend that it is better to apply inquiry
learning to improve students' process skills. The same
opinion is stated that students who implement inquiry
learning have better scientific abilities than those who
implement conventional learning [14]. The increase in
science process skills is higher in guided inquiry classes
compared to conventional classes because of the contribution
of students' inquiry activities which include designing
experiments, processing data and concluding experimental
results [15].

The low science ability of students in Indonesia is also
influenced by the selection of teaching materials used in
schools [16]. According to Deswita and Hufri [17], teaching
materials used in schools usually only contain subject matter
that does not require students to find learning concepts and
solving problems they face. The analysis of students’
worksheets employed in teaching and learning process by the
Junior High School’s science teachers at Mataram City
showed that the students were trained a lot to explain
phenomena scientifically and has less effort to train science
process skills, such as designing scientific investigations,
interpreting data and proving scientific investigations. Thus,
it is necessary to study teaching materials and science
learning models that are effective in improving the science
process skills of junior high school students.

Based on the results of observations and analysis of
teaching materials for class VIII Junior High School (revised
2017), lesson plan, syllabus and questions conducted by
Hijrati at MTs Negeri 2 Mataram, the science teaching
materials used have not actually included inquiry activities
that can be easily carried out by students and teachers every
time. face to face [18]. According to Permana et al. [19]
teaching material will be better if it encourages students to
have inquiry abilities. Hijrati [18] added that science
learning activities carried out through inquiry activities can
train students' science process skills. Thus, in this study,
appropriate guided inquiry-based teaching materials were
developed as an effort to improve the science process skills of
junior high school students.

I.METHODS

The teaching materials developed consist of teaching
materials and Student Worksheets (LKPD). The topics taken
in the teaching material are based on Basic Competency
(KD) in science subjects for Junior High School class VIII in
the first semester of the 2013 curriculum. There are four
basic competencies that are used as references in developing
this science teaching material, namely KD 3.1 and KD 4.1
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regarding the movement system of living things, and KD 3.4
and 4.4 regarding the structure and function of plants.

The stages of developing this teaching material are based
on the 4 D model from Thiagarajan (1974), which consists
of four stages, but in this study it is adapted into three stages,
namely from the Define, Design stage, to the Develop stage,
which is carried out through due diligence by material
experts and curriculum and students. The first stage of
developing teaching materials is called by Define. This stage
is carried out to determine the requirements and
competencies that students must achieve after carrying out
the learning. The definition of the requirements and the
potential that must be achieved will determine the objectives
of the limits of the teaching materials being developed. In
this study, the objectives and teaching materials developed
were based on the basic competencies that students had to
achieve according to the standard content of science subjects
for class VIII in the first semester of the 2013 curriculum.
Thus, the results of the first stage of this development were
teaching materials developed based on KD 3.1, 4.1, 3.4. and
KD 4.4 from the junior high school science subject.

The second stage of the development of teaching
materials is called by Design. The design stage is the stage
of designing a product in the form of science teaching
materials on the motion system material and the structure
and function of plants. The teaching materials designed
contain activities to apply scientific process skills in the
guided inquiry learning model, which begins with the
activity of compiling hypotheses based on the questions
presented on the first page of the teaching materials, making
steps for retrieval of investigative data, presenting
investigation data and concluding. In this teaching material,
an incomplete concept map is also presented so that students
are asked to complete the concept map. The purpose of
drafting the concept map is to focus the mind and direct
students to develop investigative activities. The concept map
is presented before and after the student completes the
investigation. The result of this second stage is the initial
product in the form of a draft of teaching materials about the
motion system in living things and the structure and function
of plants.

The third stage is called by Develop. At this stage,
revised teaching materials are produced based on input from
experts. This stage includes activities (a) validation of
teaching materials by experts, namely lecturers and teachers
of junior high school science subjects. The results of expert
validation will be the basis for revision of teaching materials,
and (b) limited trials for students. The limited trial was
conducted on ten respondents consisting of five students of
SMPN 3 Mataram and five students of SMPN 7 Mataram,
both are junior high schools located in Mataram. Validators
and students give scores on a Likert scale, from 1 to 4 and
the average score of the validators and students is then
concluded according to the criteria proposed by Akbar [20],
asin Table I.
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TABLE I. TEACHING MATERIAL ELIGIBILITY CRITERIA
Average Value (RN) (%) Criteria
81 <RN< 100 Very Eligible
62 <RN <381 Eligible
43 <RN <62 Eligible enough
33 <RN <43 Less Eligible
RN < 33 Not Eligible

I11.RESULTS AND DISCUSSION

The teaching materials developed have gone through
expert testing and junior high school students. The teaching
materials developed were tested by three validators, namely
one lecturer in the Biology Education Study Program, two
teachers, and a limited trial was conducted on ten students
from SMPN 3 Mataram and SMPN 7 Mataram. The three
validators assessed the feasibility of teaching materials, while
the student respondents gave an assessment of the feasibility
in terms of the attractiveness of the teaching materials. The
feasibility of teaching materials is viewed from three main
aspects, namely aspects of content feasibility, presentation
feasibility, and language feasibility. The assessment of the
content aspects of teaching materials is focused on the
assessment of teaching materials, while the assessment of the
aspects of presentation is carried out on the evaluation of the
layout and graphics of teaching materials. Meanwhile,
language musty assessment is carried out by assessing the
arrangement of words and terms in the teaching material.

The first teaching material is about the movement system
of living things. The content of this teaching material is the
motion system in plants, animals and humans. The
presentation of this teaching material starts from the cover of
the teaching material, a description of the competence that
must be achieved by students, a description of the material
for the motion system, and students’ worksheet in the form of
a student inquiry activity guide. In the student activity guide,
there are several activities that ask students to investigate
plants and animals around their school or house and apply
science process skills. The application of these process skills
is carried out through the preparation of hypotheses based on
the questions presented on the first page of the inquiry
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activity guide. Then students are asked to complete a concept
map that serves to guide them in making their own
investigation designs and collecting investigation data.
Learning that gives students the opportunity to make their
own investigation designs based on the problems given by the
teacher is a feature of the application of guided inquiry
learning [22]. Then, the student inquiry activity guide ends by
asking students to make conclusions from their
investigations. Based on the inquiry activity guide, it appears
that students are given the opportunity to carry out
investigations while practicing their science process skills.
According to Nworgu and Otum [14], various investigative
activities carried out by students can lead to a maximum
increase in science process skills.

Based on validator testing, the feasibility of teaching
materials on the motion system material is presented in Table
.

TABLE Il RESULTS OF THE FEASIBILITY OF TEACHING MATERIALS
FOR THE MOTION SYSTEM OF LIVING THINGS ACCORDING TO THE
VALIDATOR

Aspect Validator Average | Score

1 2 3 (%)
Contents 0.90 0.87 1.00 0.92 92
Presentation | 0.87 0.83 0.87 0.86 86
Language 0.86 0.79 0.96 0.87 87
Average 88

The data in Table 1l shows that the three validators gave
an average score between 86% and 92% or an average score
of 88%. So, when consulted with the criteria proposed by
Akbar [20], the score indicates that the teaching materials
developed are in the very feasible category. The results of the
student's assessment of the motion system teaching materials
in living things showed an average of 82% (Table I11), so that
according to the students the teaching material was also very
feasible. Some of the suggestions given by the validator and
students were to present clearer and observable images in
everyday life, and shorten long sentences to make them easier
for students to understand.

TABLE IIl. THE APPROPRIATENESS OF THE TEACHING MATERIALS FOR THE MOVEMENT OF LIVING THINGS ACCORDING TO THE STUDENTS
Students Average o
T ] 23] 45671879 |10 Score Percentage (%)
Score | 3.87 | 353 | 3.87 | 3.73 | 3.00 | 3.00 | 3.00 | 2.93 | 3.13 | 2.67 3.27 82

The second teaching material is the structure and
function of plants. The presentation of teaching materials
for plant material is the same as for the material for the
movement of living things, starting from the cover, the
competencies that are expected to be achieved by students,
teaching materials, and guides for student inquiry
activities. The validator's assessment of the teaching
material was 82% both in the aspects of content,
presentation and language, so that the teaching materials
developed were also declared very feasible to be applied to
junior high school students. The results of the validator's
research on the feasibility of this second teaching material
are summarized in Table IV.

The average score of teaching materials for motion
systems and plant structures and functions according to

experts and students was 85% and 80%, respectively, so
that the teaching materials developed were very feasible to
be applied in guided inquiry-based learning. In other
words, the teaching materials developed have attempted to
facilitate students to carry out investigative activities or
inquiry activities. Meanwhile, in these inquiry activities,
there are activities that facilitate students to apply various
science process skills, such as observing, formulating
hypotheses, designing investigations, and making
conclusions. Sahyar and Hastini [14] stated that the
implementation of inquiry learning causes students to
obtain good scientific process descriptions.

The average score of the students' assessment of the
teaching materials for the structure and function of plants
was 77.35% (Table V), so that according to the students,
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the teaching materials were considered appropriate to be
applied to junior high school students. Some suggestions
for improving teaching materials from the validator and
students are correcting typing that is still a lot of mistakes,
presenting pictures with clearer explanations, and
improving the indicators of inquiry activities to make it
easier for students to understand.
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TABLE IV. RESULTS OF FEASIBILITY OF PLANT STRUCTURE AND
FUNCTION MATERIALS ACCORDING TO THE VALIDATOR
Aspect Validator Average Score
1 2 3 (%)
Content 0.80 0.93 0,73 0.82 82
Presentation 0,80 0,80 0,87 0.82 82
Language 0,80 0,87 0,80 0.82 82
Average 82

TABLE V. FEASIBILITY OF PLANT STRUCTURE AND FUNCTION TEACHING MATERIALS ACCORDING TO STUDENTS
Students Average
1 2 3 4 5 6 7 8 9 10 Score (%)
Score | 81.25 | 80.00 | 70.00 | 76.25 | 77.50 | 78.75 | 73.75 | 77.50 | 76.25 | 82.25 77.35

In the developed teaching materials there is a guided
inquiry activity guide. The guide aims to include inquiry
activity in teaching materials without having to interfere
with the achievement of the target subject matter that
students must complete in the semester. In other words, the
inquiry activities carried out by students refer to basic
competencies and material facts, concepts and science
procedures from the applicable curriculum. The existence
of an inquiry activity guide in teaching materials is in
accordance with the characteristics of inquiry teaching
materials according to Joyce and Weil (2000) which
consists of a) introducing the investigation area to
students; b) find and look for problems, c) identify the
problems under study; and d) determine strategies to solve
problems based on the facts that found [21].

The teaching materials developed are also equipped
with pictures and challenging questions related to the
topics discussed. The pictures and questions are placed at
the beginning of the student worksheet. The question is,
for example, do fish with different body sizes have
different amounts of tail fin movement? Do the tips of the
stems and roots of the plant move in different directions?
Are roots, stems, and leaves made up of the same network?
The pictures and questions provoke students' activity who
are not only looking for answers from one source but from
many sources, especially by downloading various relevant
reading sources on internet sites. Thus, the developed
teaching materials motivate students to use a variety of
learning sources both from books and from internet
sources and other printed media.

The existence of inquiry activity guides, pictures and
challenging questions in the teaching materials also
encourage students to be more active in planning
investigations and make them more independent in
learning. According to lkhsan et al. [23] Inquiry-based
teaching materials can condition science learning activities
that are more well-planned, independent, thorough and
with clear results. Providing more opportunities for
students to be responsible for research activities can
increase motivation and scientific attitudes in learning
[22]-[25] as well as improve students' science process
skills [26].

Guidelines for inquiry activities in teaching materials
are outlined in the form of students’ worksheet. It contains
experimental activities that students must do independently
or in groups. The students’ worksheet was accompanied by

activities to make a concept map, as shown in Fig. 1 where
students are asked to complete a concept map regarding
the observation steps of earthworm motion.

«Picking up earthviorms
wet soil
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Fig. 1. Concept Map on Students’ Worksheets (left) and the Example
of Student’s Work (right)

The task of compiling a concept map in the worksheet
encourages students to analyze the relationship between
concepts with one another. In this teaching material, there
are two kinds of concept maps that students must compile,
namely the first concept map asks students to make or
complete a concept map before students conduct an
experiment, while the second concept map is prepared
after students complete the experiment. The first concept
map aims to direct students to carry out the investigative
steps appropriately, while the second concept map aims to
reinforce the learning that has been done. This is in
accordance with the opinion of Widyastuti [27] that
making concept maps makes it easier for students to
develop ideas starting from a main idea and then use the
connections in the brain to break down into more detailed
ideas. Likewise, according to Tapantoko[28], the
application of concept maps can improve students'
memorization and motivation to learn and cause students
to be more creative.

IV.CONCLUSION

The conclusion of the study is that the teaching
materials developed are very suitable for use in guided
inquiry-based learning to support the improvement of the
science process skills of junior high school students.
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