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Abstract: This research examined the readiness of pre-service integrated science teachers in Indonesia
in following the dimensions of the next generation science standards. It employed a survey method
combined with an examination of the readiness of pre-service integrated science teachers who are cur-
rently studying in five colleges in Indonesia. The survey collected the data from 218 respondents, con-
sisting of managers of science education study programs, pre-service science teachers, science education
lecturers, science teachers, school principals, and education practitioners. There were 131 pre-service
science teachers participating in this study in addition to 40 science teachers with have more than seven
years of service as a comparison. The survey instrument was designed and presented in the form of
docs.google.com, consisting of 12 questions. Learing evaluation experts validated the instrument be-
fore it was administered to the respondents. This study found that pre-service science teachers were not
prepared due to three aspects: mastery of concepts; digital literacy and teaching how to apply scientific
concepts in life. The achievement of future science teacher criteria for pre-service teachers is higher than
teachers, except for aspects of teaching skills and human literacy.
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KESTAPAN CALON GURU IPA TERPADU TERHADAP STANDAR IPA
DI MASA MENDATANG

Abstrak: Penelitian ini mengkaji kesiapan calon guru IPA (Ilmu Pengetahuan Alam) terpadu di
Indonesia dalam mengikuti dimensi standar [PA generasi mendatang. Metode yang digunakan adalah
metode survei yang dikombinasikan dengan ujian kesiapan calon guru IPA terpadu yang sedang
menempuh pendidikan di 5 perguruan tinggi di Indonesia. Survei ini mengumpulkan data dari 218
responden, yang terdiri dari pengelola program studi pendidikan IPA, calon guru IPA, dosen pendidikan
IPA, guru IPA, kepala sekolah, dan praktisi pendidikan. Ada 131 calon guru IPA yang berpartisipasi
dalam penelitian ini ditambah 40 guru IPA dengan masa kerja lebih dari tujuh tahun sebagai
pembanding. Instrumen survei dirancang dan disajikan dalam bentuk docs.google.com, terdiri dari 12
pertanyaan. Ahli evaluasi pembelajaran memvalidasi instrumen sebelum diberikan kepada responden.
Studi ini menemukan bahwa calon guru IPA tidak siap karena tiga aspek: penguasaan konsep; literasi
digital, dan mengajarkan bagaimana menerapkan konsep-konsep ilmiah dalam kehidupan. Pencapaian
kriteria guru [PA masa depan untuk calon guru lebih tinggi dari guru, kecuali aspek keterampilan
mengajar dan literasi manusia.

Kata Kunci: calon guru sains terpadu, sains masa mendatang

INTRODUCTION the content of scientific knowledge, based on t_his
preliminary study, graduates of teacher education
in Indonesia are assumed to be good at teaching
but weak in scientific content. Scientific know-
ledge as the main prerequisite must be fully mas-
tered by each pre-service science teacher (Ahmad
et al., 2019; Subramaniam, 2013; Wahyudiati et
al., 2020). Mastery of scientific content also char-
acterizes pre-service teachers who have a broad,
deep, and integrated scientific knowledge.
Pre-service science teachers are expected
to not only master extensive scientific content but

The previous studies of this field have
found problems with the performance of science
teachers graduating from teacher education prog-
rams since 2016 from three educational institu-
tions in Indonesia: Universitas Negeri Semarang,
Universitas Negeri Yogyakarta, and Universitas
Negeri Surabaya. The science teacher profile
with regards to pedagogical competence is good
with a score of 85.7 out of 100 while for profes-
sional competency, it is average with a score of
65.4. Since professional competence relates to
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also integrate it with other scientific disciplines
because of the increasingly complex problems in
society (Michie et al., 2018; Rabin et al., 2012).
A multidisciplinary approach in which science
with technology are integrated to meet human
needs is needed to make sure that the preparation
of teachers in Indonesia today does not remain
the same with that of 13 years ago. The prepa-
ration of science teachers in Indonesia so far re-
fers to the standards in the Regulation of Minister
of National Education (Permendiknas) No. 16 of
2007 (Masoka et al., 2017). After analyzing this
regulation, it can be concluded that the teacher
preparation lags far behind the needs of science
teachers today. The existing criteria of ideal pre-
service teachers do not require strong scientific
mastery and are not yet oriented toward the needs
of the current digital era. The solution to the lag-
ging standard can refer to the next generation sci-
ence standard because it has a science orientation
in the future (NGSS Lead States, n.d.) but this
standard also has not operationally described in
the interests of preparing teacher candidates.

Multidisciplinary scientific mastery has, in
fact, become a demand for present and future sci-
ence in Indonesia with the birth of an integrat-ed
science curriculum. Integrating science, for ex-
ample with technology. engineering, and mathe-
matics, becomes very important and relevant to
the needs of the community. Every pre-service
science teacher must be equipped with the skills
to be able to implement knowledge in the form of
technology. with mastery of simple engineering
and correct mathematical calculations. Integra-
tion of STEM (Science, Technology, Engineer-
ing, and Mathematics) elements in learning is an
example that aims to widen the knowledge of pre-
service science teachers. The preparation of pre-
service science teachers, in addition to the de-
mands of integrated science, also refers to the sci-
entific characteristics of science in which truth is
sought through scientific work.

This preliminary study proposes that pre-
service science teacher’s preparation programs
need to integrate interdisciplinary science and
have an orientation toward NGSS (Next Gene-ra-
tion Science Standards) so that the demands of
producing science teachers that are in line with
future demands can be realized. The research
aims to find out the strategy for preparing pre-
service science teachers who not only master the
knowledge but also have the skills to teach sci-
ence that are oriented toward NGSS. The strategy
must at least meet the NGSS dimension, namely:
content, real-world science applications, and new

ideas about science. Science in NGSS (Bybee,
2013, 2014; Lederman & Lederman, 2014) co-
vers eight aspects: investigation, empi-rical evi-
dence, openness, scientific phenomena, a way,
consistency, human effort, nature, and the world.
The eight aspects can be modified in the interest
of preparing standards for pre-service science
teachers.

Science with an interdisciplinary approach
aims to have analytical and mathematical abilities
to solve real problems (Breiner et al., 2012;
English, 2017; Howard & Ifenthaler, 2018;
Williams et al., 2015; Wu & Anderson,2015). An
interdisciplinary approach is needed because it
connects between the school and the industry, so
it requires the preparation of pre-service science
teachers who are broad-minded and product ori-
ented. Science learning develops knowledge and
practices of life skills and technology. Pre-ser-
vice teachers must be trained to apply concepts to
create, produce, and maintain learning in the dig-
ital age. The integrated science is designed sys-
tematically starting from the teacher's know-
ledge to the use of knowledge-oriented learning
strategies about entrepreneurship. The applica-
tion of integrated science in schools is part of pre-
paring an independent generation by growing
positive attitudes towards the modern industrial
world (Jehopio & Wesonga, 2017). In its imple-
mentation, teachers need to develop multidisci-
plinary-oriented learning tools that have an im-
pact on the student's independence. All elements
in integrated learning make knowledge meaning-
ful (Shernott etal., 2017).

Soobard and Rannikmie (2011), Buckley,
O’Connor, Seery, Hyland, & Canty, (2019), and
Dewi, Khery, and Erna (2019)(2019) state that
the skills to work scientifically can be developed
by providing exercises for studying cross-sec-
toral learning resources due to the characteristic
of learning resources which is contextual. Critical
attitudes can be developed through learning re-
sources from the community that have their ap-
peal, so they need to be formalized in the form of
a modern science curriculum (Bybee, 2014). A
critical attitude is created from the practice of
conducting investigations, in line with the Huang
and Asghar study, (2016)which suggests that the
activity of inquiry in science needs to become a
culture as an object of study. Sjostrom (2018) ar-
gues that scientific literacy is obtained by inte-
grating science as scientific knowledge with
community traditions that are following the char-
acteristics of scientific objects. Faisal & Martin
(2019) and Gomes & Fleer (2019) state that how
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scientific work is needed for pre-service science
teachers as a provision to facilitate student learn-
ing that integrates science in life.

The analysis of scientific literacy from
Allchin study (2014) proves that strong scientific
literacy is based on the ability to analyze learning
resources that have concrete facts. To develop lit-
eracy skills, providing a real study object is
needed, in line with the Archer-Bradshaw, (2017)
and She, Stacey & Schmidt, (2018) studies which
found that literacy is built from personal know-
ledge that is developed by providing training in
making scientific decisions taken through discov-
ery activities in practice. Opportunities to
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discover scientific knowledge can provide posi-
tive assessments toward scientific knowledge, as
stated by Trauth-Nare (2016) that scientific liter-
acy is built by giving broad access to find, debate,
and discuss findings, as well as give a positive
assessment toward science. Positive assessment
toward science depends on the way the teacher
uses learning strategies for achieving compe-
tence, which is in line with Hsieh, Lin, Liu, &
Tsai (2019) who state that selected learning strat-
egies using contextual learning resources from
the environment and direct community life are
more likely to foster motivation to learn science.

Table 1. The profile of NGSS-Oriented Science Teacher Standards in Indonesia

NGSS NOS Category
(the Lead States, 2013)

The Competency of Science Teach-
ers in Indonesia (Permendiknas No.
16 of 2007)

The Profile of Pre-service
Science Teachers oriented
to NGSS

Understand the concepts, laws, and
theories of Natural Sciences and their

Understand the science thinking pro-
cess in studying natural processes and

Use symbolic language in describing
natural processes and phenomena.
Understand the relationships between
the various branches of science, and
the relationship between science and

Think qualitatively and quantitatively
about simple natural law and pro-

Apply scientific concepts, laws, and
theories to explain various natural phe-

Explain the application of scientific
laws in technology especially those
that can be found in everyday life.

Understand the scope and depth of

Creative and innovative in the applica-
tion and development of science.

. Master the principles and theories of
management and learning/work safety
in the school's science laboratory.

. Use measuring instruments, teaching
aids, calculating tools, and computer
software to improve science learning

. Carry out scientific experiments in the

. Scientific investigation 1.
uses various methods.
. Scientific knowledge application flexibly.
is based on empirical 2.
evidence.
. Scientific knowledge phenomena.
is open to revision by 3.
considering new evi-
dence. 4.
. Models, laws, mecha-
nisms, and theories
from science explain mathematics and technology.
natural phenomena. 5.
. Science is a way of
knowing. cesses.
. Scientific knowledge 6.
assumes order and
consistency in natural nomena.
systems. 7.
. Science is a human en-
deavor.
. Science answers ques- 8.
tions about the natural school science.
and material environ- 9.
ment.
10
11
in classrooms and laboratories.
12. Design scientific experiments for
learning or research purposes.
13
right way.
14

. Understand the history of the develop-
ment of science and the thoughts that
underlie these developments.

. Mastering broad and deep

scientific content.

. Competent in teaching sci-

ence with information tech-
nology devices.

. Digital literacy to organize

online learning.

. Humanitarian literacy by ap-

plying science content to hu-
manity.

. Competent in integrating

science in a multidiscipli-
nary way to solve problems.

. Performing scientists always

consistently apply scientific
methods.
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Based on the results of preliminary studies
and previous research, this research aims to pro-
duce standards and measure the readiness of pre-
service science teachers in Indonesia who have
NGSS-oriented teaching skills. The NGSS di-
mension in detail has described clear bounda-ries
about the scientific knowledge needed in the fu-
ture, which is more detailed, operational, and
simplified by integrating interests in the prepara-
tion of pre-service science teachers in Indonesia.
The Regulation of National Education Minister
number 16 of 2007 requires relatively low com-
petence of science teachers because it puts a
heavy emphasis on normative demands like any
other teachers in other fields. This study adopts
the NGSS category with the competency criteria
of integrated science teachers in Indonesia to find
the profile of future science teachers oriented to
NGSS. The standards of pre-service science
teachers after conducting a critical review of
NGSS and science teacher competencies are as
shown in Table 1.

The standard of science teachers in Indo-
nesia as stipulated in Permendiknas No. 16 of
2007 is not following the criteria stated in the
NGSS. It is important and urgent to immediately
develop new standards that refer to the NGSS be-
cause the educational process of preparing pre-
service science teachers continues to run and pro-
duce thousands of new graduates. It is feared that
if new standards are not immediately develop-ed,
education in Indonesia, especially science, will
increasingly lag behind other countries.

The tested projected application of NGSS
in future science education in the US has imply-
cations for the teaching process and teachers’
readiness to provide solutions for increasingly
professional science teachers (Lederman &
Lederman, 2014). The uniqueness of standard
science provides more excellent room for each
generation studying science to be served in the
same ways. Lee et al., (2014) stated that science
teaching does not differentiate the students’ back-
grounds and does not classify them based on their
learning speed. Curriculum integrating NGSS has
been used in 19 US states because it fits the learn-
ing needs oriented towards monitoring science
learning progress (Watson et al., 2021). A stand-
ardized preparation of pre-service science teach-
ers is needed through an educational process that
refers to indicators of future science leaming.
Science education reform carried out by NGSS
requires the skills of prospective science teachers
at the undergraduate level who can master

science content according to future needs (Bybee,
2014).

The problem of this research is how the
readiness of pre-service integrated science teach-
ers oriented in the Next Generation Science
Standards.

METHODS
Research Design

The study used a survey method adopted
from Sugiyono (2017). The survey results are fol-
lowed up by measuring the readiness of pre-ser-
vice science teachers.

Participants

There were 131 pre-service science teach-
ers participated in this study. They are currently
studying at Universitas Negeri Semarang, Uni-
versitas Pancasakti Tegal, Universitas Negeri Su-
rabaya, Universitas Negeri Yogyakarta, and Uni-
versitas Islam Negeri Raden Intan Lampung. The
research participants include pre-service science
teachers, lecturers, and managers of science edu-
cation study programs as well as science teachers,
school principals, and education practitioners in-
terested in studying the preparation of pre-service
teachers in Indonesia.

Data Collection

The study used a survey method adopted
from Sugiyono (2017)The survey results were
followed up by measuring the readiness of pre-
service science teachers.

Data Collection Tools

The survey instrument was made in the
form of docs.google.com consisting of 12 ques-
tion items. The experts of learning evaluation val-
idated the instrument before it was given to the
respondents. After the instrument was declared
valid, it was given to all respondents.

The survey had drawn the opinions of 218
participants which consisted of 15 managers of
science education study programs, 131 pre-ser-
vice science teachers, 44 science education lec-
turers, 18 science teachers. 5 school principals,
and 4 education practitioners. The managers of
the study programs were actively preparing the
education of pre-service science teachers so that
they have experience in the process of producing
pre-service teachers. Pre-service science teachers
involved were those who were, at the time, active
students while the lecturers were the ones carry-
ing out the preparation pre-service science teach-
ers. Science teachers participating in this study
were still teaching at school with the school prin-
cipals having a background in science education.

The readiness of pre-service integrated science teachers...




Meanwhile, the education practitioners were
those who were motivated to provide ideas and
thoughts. The survey of respondents was very im-
portant to get input about the criteria of science
teachers. The survey results were used as a refer-
ence to develop instruments for measuring the
readiness of pre-service science teachers in five
colleges in Indonesia.

The references used to determine the pro-
file of pre-service science teachers were obtained
from the national standards of science teachers
and the standard dimensions in the NGSS. Both
references were used to determine the criteria for
future science teachers in Indonesia. The research
flow chart was presented in Figure 1.

Respondents received 12 questions rang-
ing from knowledge of national standards to that
of international standards of science teachers.
The questions were about the importance of new
standards for preparing science teachers. With
their own experiences, all respondents were
asked to provide an assessment of the mastery of
the materials, teaching skills, digital literacy
skills, and the humanitarian literacy skills of sci-
ence teachers who were currently teaching in
school. All respondents were asked about their
satisfaction level towards the existing teacher
performance in schools. The questions given
pointing to the criteria of future science teachers.
Successfully formulated criteria were used to ex-
amine the readiness of pre-service science teach-
ers who were currently in the study process.

The instrument used in this study was ad-
justed to the NGSS-oriented technique to meas-
ure the readiness of pre-service science teachers.
The main data source of the in-depth question-
naire revealed the profile of future science teach-
ers using in-depth interviews. Data that found the
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readiness of science pre-service teachers was ob-
tained from combining the two main sources.

Data Analysis

The survey data were analyzed descrip-
tively by explaining the aspects that were asked
in the questionnaire. The survey results were ob-
tained in detail about the criteria that must be met
by science teachers. Data analysis began with the
validation of data from the respondents to deter-
mine the frequency, percentage, and valid per-
centage. In the instrument, there were entries
about the criteria for future science teacher pro-
files. The data were presented descriptively. The
data analysis of the readiness of pre-service sci-
ence teachers were processed with the SPSS pro-
gram to further obtain data on the level of readi-
ness of content mastery, teaching skills, digital
literacy. humanitarian literacy. integrated sci-
ence, learning media, HOTS, and science appli-
cations.

This research collected data for eight fu-
ture science teacher criteria from science teachers
in schools. The data were used to compare future
science teacher criteria in pre-service teachers.
The target of the survey was teachers who had
taught more than seven years but graduated from
programs other than the science education such
as chemistry education, biology education, or
physics education. There were 40 target teachers
consisting of 12 men and 28 women. The data
were analyzed descriptively to find the percent-
age for each criterion. The comparison of
achievement of future science teacher criteria be-
tween pre-service teachers and teachers was ob-
tained based on this data. The questionnaire re-
sulted from in-depth interviews were used to ob-
tain the profile of future science teachers ex-
pected by pre-service science teachers.

The National Standard of
Science Teachers in Indonesia
(Permendiknas No. 16 of 2007)

The standard needs to be
adjusted to the needs of
literacy, science, digital and
humanity

The International Standard of
NGSSNOS
(the Lead States, 2013)

The standard needs to be
adjusted for the preparation of
pre-service science teachers in

Indonesia

—

The profile of pre-service

e

science teachers oriented to

NGSS

Examination of the readiness
of pre-service science teachers

Figure 1. Research Framework
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FINDINGS AND DISCUSSION
Findings

The respondents voluntarily participated in
this research after the researchers gave the sum-
mary of the research through an online discus-
sion. It was necessary to do so to make sure that
they understood the objectives and urgency of
this study.

The survey instrument was made in the
form of docs.google.com consisting of 12 ques-
tion items. The experts of learning evaluation val-
idated the instrument before it was given to the
respondents. The experts review consisted of one
professor and two Doctors of Science Education.
They were asked to evaluate the validity of the
survey instruments given to the respondents.
Mean scores ranged from 3.1 to 3.9 on a scale of
1 to 4, with | indicating "strongly disagree" and
4 indicating "strongly agree". The average con-
gruency percentage (ACP) is 93%, which indi-
cates that the instrument is valid (Popham, 1978).

The respondent validation in this study
was analyzed to inform that there was no problem
with the involvement of respondents consisting
of six parties. The research respondents consider
the role in determining the standard criteria for
pre-service science teachers that are the focus of

the findings in this study. The data from 218 re-
spondents are all valid with the results of the
complete analysis in Table 2.

Analyzing Respondents' Input

After the questionnaire was filled out by
218 respondents, it was concluded valid. The next
was analyzing the results of each respondent's in-
put in relation to the expected criteria for future
science teachers. A summary of the expected sci-
ence teacher profiles according to the respond-
ents is presented in Table 3.

Measuring Students' Readiness

The analysis of the profile of future science
teachers from the respondents suggests the exist-
ence of a new standard of science teachers in In-
donesia. Existing standards were now far from
the needs and demands of scientific and techno-
logical development. The new standard was best
tried on the preparation of pre-service teachers
who are currently studying in several colleges in
Indonesia. After getting input from the respond-
ents about the profile of science teachers, it was
continued by measuring the readiness of 131 stu-
dents who were studying at the time as pre-ser-
vice science teachers. Student readiness based on
the criteria for future science teachers is pre-
sented in Figure 2.

Table 2. The analysis of respondent questionnaire validity

Frequency Percent Valid Percent

Valid Science Education Lecturers 44 20 20

The Head of Science Education Study 15 7 7

Program

In-Service Science Teachers 19 9 9

Pre-service Science Teachers 131 60 60

School Principals 5 2 2

Education Practitioners 4 2 2

Total 218 100,0 1000

Table 3. The profile of the expected future science teachers

Profile Aspects

The description of the expected profile

Science content knowledge

Teaching skill

Digital Literacy

Humanitarian literacy

Multi-disciplinary capability

Performance satisfaction

= Mastering science content not limited to teaching needs, but always updating
their knowledge through reading trusted journal articles.

* Reinforcing content in broader forms of application in human life so that
science truly becomes a unified knowledge in life.

® Presenting the materials using information technology tools to proficiently
carry out online learning.

= Being competent and confident to develop supplementary teaching materials
developed by teachers with local wisdom characteristics.

= Being competent in using application programs to organize online learning.

* Encouraging students to be able to apply science to humanitarian missions.

* Being competent in making science a healthy and environmentally friendly
lifestyle.

* Integrating knowledge across fields in solving science problems.

= Working like a scientist by always consistently applying scientific methods.

The readiness of pre-service integrated science teachers. ..
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Figure 3. Achievement Comparison of Future Science Teachers Criteria Between Pre-service
Teachers and In-service Teachers

None of the pre-service science teachers
was very ready in terms of content mastery even
some were not ready at all. In terms of digital lit-
eracy. of 131 prospective science teachers, six of
them were not ready with the demands of organ-
izing science leaming using information technol-
ogy devices. Pre-service science teachers have a
great commitment to the application of science to
humanity because all is prepared for this aspect.
There were 27 students who were in the category
of “not ready” in terms of the science application.

The next analysis was related to the com-
parison of readiness between pre-service teachers
and teachers with more than seven years of teach-
ing experiences. The comparison analysis of
eight aspects of future science teachers’ criteria is
presented in Figure 3.

The content mastery of pre-service teach-
ers from the educational background was better
than that of the current science teachers. The dif-
ference in content mastery was because the cur-
rent science teachers at schools were not prepared

with integrated science, but only one field of sci-
ence, that was seen from the result of the inte-
grated science aspect. The teachers were not
ready. with the score of 40, and the pre-service
teachers were in a “ready” category, with the
score of 64. Current teachers had a higher score
in aspects related to teaching experiences, such as
teaching skills and humanitarian literacy.
Discussion

The demand for pre-service science teach-
ers who were oriented towards next generation
science standards begins with having knowledge
of science content that was always updated
through the use of various reliable literature.
Isozaki (2018) and Wei (2019) stated that content
mastery becomes the main prerequisite for qual-
ity science education. The content was strength-
ened in the wider forms of application in human
life so that science truly becomes knowledge that
was integrated with life. The quality of learning
material of the preparation of pre-service science
teachers was currently less than 75% for

Cakrawala Pendidikan, Vol. 40, No. 3, October 2021

doi: 10.21831/cp.v40i3.37001




718

scientific aspects. This becomes an inhibiting
factor so that no one was very ready for the aspect
of content mastery. There was an assumption in
the community that pre-service science teachers
who are trained in some colleges in Indonesia
were known to have teaching skills but not con-
tent mastery, which can be justified from the find-
ings of this study.

Pre-service science teachers currently have
good teaching skills. They have obtained learning
provisions to prepare a material presentation us-
ing information technology tools in online learn-
ing. The readiness of the pre-service teachers, af-
ter being explored as an impact of the habits of
lecturers in providing learning materials, is
shown in how they are accustomed to using
online learning. The habits of lecturers were
proven to be essential in providing role models
for pre-service teachers. Teaching skills are
formed from learning habits during education for
pre-service teachers (Siew et al., 2015). Assign-
ments in the form of developing material during
learning have an impact on having a strong desire
to be able to develop teaching materials that inte-
grate local wisdom.

Two literacy skills should be learned by
pre-service science teachers. After the confirma-
tion on each respondent, they had various digital
literacy readiness. Some pre-service teachers had
very limited knowledge about application pro-
grams for presenting online materials. Pre-ser-
vice teachers were not only limited to being able
to present material with information technology
devices but also were required to be able to so-
cialize, behave, think and inspire as digital com-
petencies. Digital literacy made access to the lat-
est learning resources easy to find (Nouri, 2019).
Humanitarian literacy must also be owned by pre-
service teachers. The readiness of pre-service sci-
ence teachers in human literacy was found to be
better than digital literacy. Seroglou & Aduriz-
Bravo, (2012)state that science is applicable and
integrated with human life. There was a strong
commitment from every pre-service teacher to
apply science in humanitarian missions and to
make science unified with life.

Every pre-service science teacher was a
scientist in charge of preparing for the birth of a
new scientist. Problems in life were increasingly
complex. Science as a way to solve problems re-
quired integration across many fields. Problem
solving in science is more easily solved when
connected with other fields of study in an inte-
grated manner (Dare et al., 2018). When this re-
search was conducted, the lecturers who prepared

pre-service teachers were mostly from the field of
science, for example. biology, physics. and
chemistry. This became an inhibiting factor for
students to integrate with other scientific fields.
The readiness of pre-service teachers to integrate
scientific knowledge requires extensive insight.
The data shows that there were 27 (20% ) students
who were certainly not ready to teach how to ap-
ply science in life.

The readiness of pre-service teachers in
evaluating science learning that meets the princi-
ples of the Higher Order Thinking Skills (HOTS)
was still in the “quite ready” category. Thinking
skills were the focus of preparation of pre-service
teachers in Indonesia because students in Indone-
sia can think that it was still low (from the find-
ings of the Program for International Student As-
sessment in 2018). According to science teachers
at schools, it was revealed that the existing as-
sessment method has indeed been a burden for
teachers. Teachers believed that learning science
was conducted more effectively through experi-
ments and scientific activities, but they found it
difficult to carry out the theory of scientific truth
because the assessment was too intervened by the
government. Limniou et al., (2018) argued that
HOTS trains students' way of thinking to solve
problems with existing learning experiences. Pre-
service teachers needed to be equipped with the
courage to develop their assessments equipped
with HOTS theory.

In the achievement of future science teach-
ers’ criteria between pre-service teachers and in-
service teachers (Figure 2), there were six out of
eight aspects of future science teachers” criteria
in which pre-service teachers achieved higher
score. Science teachers from science education
had better skills than the current teachers at
schools. Pre-service teachers were science educa-
tion students who were prepared with the neces-
sary skills for science teachers, such as the skill
of content and integration of science fields
(chemistry, physics, biology, and astronomy).
The content mastery of pre-service teachers from
the educational background was better than the
current science teachers. The difference in con-
tent mastery was because the current science
teachers at schools were not prepared with inte-
grated science, but only one field of science, that
was seen from the result of the integrated science
aspect. The teachers were not ready with the
score of 40, and the pre-service teachers were in
a “ready” category with the score of 64.

The science education program has been
offered by many universities in Indonesia since
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2009. The science education program in that year
was functioned as a preparation step towards the
2013 Curriculum, in which there were several in-
tegrated subjects, one of which was Natural Sci-
ence (Prihantoro, 2015). On the other hand, sci-
ence teachers with more than seven years of ser-
vice have only a basis in one of the science fields.
This study found that science teachers were weak
in content mastery and content integration. This
reinforces the importance of educating pre-ser-
vice teachers following the scientific field. It
means that the science teachers' education back-
ground was not a field-based education, for ex-
ample, biology, physics, or chemistry.

Pre-service teachers were prepared not
only with science content skills and its integra-
tion, but also with digital literacy, including pre-
paring learning media. Skills in preparing learn-
ing media have a positive impact on students'
achievements (Agustiya et al., 2017; Astra et al..
2015; Widiansyah et al., 2018). The finding of
this study is that pre-service teachers have better
future science teachers’ criteria. Future science
teachers are not obtained naturally but through
programmed preparation of pre-service teachers.
Current teachers had a higher score in aspects re-
lated to teaching experiences, such as teaching
skills and humanitarian literacy.

This research has limitations because it did
not do treatments with the criteria for future sci-
ence teachers that have been formulated. The re-
search findings were not based on the effective-
ness of a special treatment given to pre-service
science teachers in Indonesia. The study con-
firmed the importance of preparing pre-service
science teachers in Indonesia with new standards
that are in line with the dimensions of next gen-
eration science standards. It changed the orienta-
tion of the balance between the way to teach with
the content being taught become emphasizing
more on mastering the scientific content of sci-
ence. Teaching skills that were not previously
used for online classrooms was altered by profi-
ciently presenting online learning. Science that
was taught as an independent scientific field is
changed by a multidisciplinary scientific ap-
proach so that the knowledge of every pre-service
science teacher becomes broader.

The findings of teachers' readiness were
weak on concept mastery, teaching skills, and
digital literacy. Following the NGSS characteris-
tics, this study recommended strengthening the
education curriculum of pre-service science
teachers. Strengthening the curriculum was im-
portant in the preparation of teaching internships
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and professional certification. Teaching intern-
ship at school that requires three skills of pre-ser-
vice teachers becomes the standardized parame-
ter of science teaching readiness. The participa-
tion of pre-service teachers in professional certi-
fication of digital literacy was needed betfore
teaching internships.

CONCLUSION

After taking examinations in five colleges,
it could be concluded that pre-service teachers are
not ready in three aspects including concept mas-
tery, digital literacy, and teaching how to apply
science concepts in life. It was expected to use
these findings as a recommendation to create new
competency standards for science teachers in In-
donesia and to use them in developing new stand-
ards.

RECOMMENDATIONS

Based on the results of this study, the
standard of science teachers in Indonesia requires
treatments so that they have a broad and deep
mastery of science content, digital-literacy teach-
ing skills, humanitarian literacy skills, an ability
to integrate science in multidisciplinary scientific
ways to solve real problems in society and per-
form as scientists do.
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