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Abstrak

Indikator-indikator kompetensi ilmiah dalam literasi sains yang digunakan oleh OECD dalam PISA sejak
tahun 2015 adalah (1) menjelaskan fenomena secara ilmiah, (2) merancang dan mengevaluasi penyelidikan
secara ilmiah, dan (3) menginterpretasi data dan bukti secara ilmiah. Dalam penerapan kurikulum terintegrasi,
guru sekolah dasar juga terlibat dalam pembelajaran sains di tahap awal, yang berarti juga harus memiliki
kompetensi ilmiah dan mampu membina para siswa untuk mencapainya. Kajian ini bertujuan untuk mencari
tahu korelasi antara ketiga indikator kompetensi ilmiah tersebut dan pengaruh pengalaman mengajar terhadap
kompetensi ilmiah guru sekolah dasar. Hasil yang diperoleh mengindikasikan pentingnya pembinaan
kompetensi ilmiah pada guru secara periodik dengan memperhatikan semua indikator-indikator
kompetensinya.

Kata Kunci: guru, kompetensi ilmiah, pengalaman mengajar

Abstract

The scientific competence indicators in science literacy used by OECD in PISA since year 2015 are (1)
describe phenomena scientifically, (2) design and evaluate scientific enquiry, and (3) interpreting data and
evidence scientifically. In the application of integrated curriculum, elementary school teachers are also
involved in science learning at the beginning, which means they must also mastering the scientific
competence and be able to foster their students to achieve it. This study aims to find out the correlation
among those three scientific competence indicators and whether the span of teaching experiences of
elementary school teachers influenced the competences. The result indicates the importance of fostering
teacher scientific competence periodically by taking into account all of the competence’s indicators.
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PENDAHULUAN

Teachers play important roles in the
implementation of the curriculum (Darling-
Hammond & Youngs, 2002) as well as elementary
school teachers in implementing integrated
curriculum which is included science in it. The
ideal role of teachers is to guide their students in
solving problems and conducting scientific
projects, while books and subjects are considered
as instruments of the learning process, not as the
main source of knowledge (Osborne, 2014). As the
first involved teachers in basic science education,
the study of elementary school teachers related to
their scientific competence’s development is still
rarely found. It is very important for elementary
school teachers to have adequate scientific
competence when teaching using scientific
approach, so that students succeed in achieving the
target of scientific competence as well. Some
research related on teachers’ scientific competence
are mostly about competence of secondary school
teachers in conducting inquiry-based science
education (Alake-Tuenter et al., 2012; CORLU &
CORLU, 2012; Jarrett, 1999; Ucar, 2012; Velthuis
et al., 2014), scientific attitudes (Murphy & Smith,
2012; Palmer, 2002; S. I. Van Aalderen-Smeets &
Van Der Molen, 2015), science knowledge (Baker,
1994; Palmer, 2002) and the professional
development needs of science teachers or
prospective science teachers in general (Rambuda,
2004; Roth & Roychoudhury, 1993; Spor &
Schneider, 1998)

The aspects of scientific competence which
were assessed by Organisation for Economic Co-
operation and Development (OECD) in
Programme for International Student Assessment
(PISA) year 2015 are explain phenomena
scientifically, evaluate and design scientific
enquiry, and interpret data and evidence

scientifically. In science practice, scientific

competence is important because of its relationship
with the main cognitive abilities such as inductive
and deductive reasoning, system thinking, critical
decision, information transformation, constructing
and communicating argument based on data,
thinking in scale model and using science (OECD,
2017). The knowledge about science aspect
covering comprehension on main facts and
concepts, scientific theory’s explanation about
nature and technology artefacts, procedure of
gaining knowledges, and understand epistemic
knowledge. Meanwhile, the aspect of attitude
towards science is a set of attitudes that indicate
interest in science and technology, science values,
appropriate investigation approach, as well as
perception and awareness about environmental
issues. Therefore, mastery of scientific competence
is influenced by the knowledge about science and
the attitude towards science (Murphy & Smith,
2012). For students and adults aged 18 to 70 years,
scientific competence can be developed by
increasing positive attitudes and involvement with
science-related matters, providing more interesting
sources of knowledge and science activities,
involving them directly in discussions of science
topics and increasing self-confidence (Lam et al.,
2013).

The aim of this study is to examined the
correlation between three scientific competency
indicators data obtained of elementary school
teachers. The correlation between scientific
competency and teaching period of the teachers
were revealed as well. The study intended to be the
basis of the teacher development recommendations

in basic science education.

METHOD

This paper is analyzing to get the correlation

among three indicators of competence of 35
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elementary school teachers who are in charge in
upper level class (grade 4 to grade 6). Range of
teaching experience of subject teachers are varies
which then grouped into 8 months to 11 years (16
persons) and 12 years to 36 years (19 persons)
teaching experiences. Two of them hold master
degree and others are bachelor degree from various
subject. The data obtained from written problem
set which given to the teachers without prior notice
or debriefing, but only equipped with guidance to
do the test. This is important since we wanted to
identify the real up to dated data of competence’
profile, without any initial treatment.

The written problem set consist of three items
in essay format to challenge the teachers perform
the scientific indicators; (1) making a concept map
based on a provided text, (2) design and evaluate a
simple science enquiry and (3) interpreting tables
of data. Making of a concept map used to examine
the scientific competence’s aspect of teachers in
explaining phenomena scientifically. Concept
maps are valuable tools for visualizing information
in the mind and they provide gateways to
meaningful learning (Dogusoy-Taylan & Cagiltay,
2014). The categories used to assessed the concept
map is type Net, Chain and Spoke (Kinchin et al.,
2000). To identify the competence’s aspect of
design scientific enquiry, subject teachers must
design an enquiry plan to test a hypothesis. The
chosen enquiry plan is simple and possible to be
carried out in elementary school, and an alternative
variable were also expected to be seen in the
design. The competence of interpret data and
evidence scientifically was observed by assigning
teachers to interpret two data tables which are load
of some not directly related information. To
examine the correlation of the periods of teaching
experience and the three aspects of scientific
competence, as well as among the three aspects of

scientific competence, the Fisher Exact Probability

Test is used. This method was chosen because the
respondent population was less than 40 and some

score number of data was repeated (Agresti, 2007).

RESULT AND DISCUSSION

The competence’s distribution of subject
teachers’ on three scientific competence indicators
and teaching experiences are shown in Table 1.
The Fisher Method Exact Probability Test requires
each variable only consist of two categories (2x2
table forms), therefore, before testing, the
categories of each competence aspect are re-
grouped as shown in Table 1. Correlation test was
conducted in 95% confidence interval, with Ho is
the absence of correlation between variables (p <
0.05). By one direct Fisher Exact Test, correlation
among the three scientific competence’s indicators
in pairs and with duration of teaching experience
are detected, since all the p value are >0,05 in trust
interval 95% (Table 2).

The highest to the lowest p value correlation
among competence’s indicators in  pairs
respectively are 0,43 for design and evaluate
scientific  enquiry  with  interpreting data
scientifically; 0,31 for making concept map with
interpreting data scientifically; and 0,22 for
making concept map with design scientific
enquiry. It means that those scientific competence
indicators are related and interplay each other in
pairs. Therefore, any effort to improve each
scientific competence’s indicator expected to
improve other indicators. Conversely, the
weakness in one of scientific competence’s
indicator will also be related to the weakness of
other indicators. The correlation between all of
competence’s indicator with duration of teaching
experience also exist in range p value 0,20-0,22.

The most tight correlation found in this
study is the ability to design and evaluate scientific
enquiry with the ability to interpreting data
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scientifically. Interpreting data and conducting
enquiry are included integrated science process
skills category, viz the combination of several
fundamental science process skills (Roth &
Roychoudhury, 1993). Integrated science skills are
important in the process of problem solving or
conducting scientific enquiry (Rambuda, 2004).
Designing and evaluating scientific enquiry
requires creativity. Lin et al. (2013) found a
phenomenon that by encouraging students to
practice the technique of digging and interpreting
data, creativity in making decisions increased
rapidly. This result is suspected because the
process in handling data is a vehicle for adaptive
learning that encourages creativity. Bowen & Roth
(2005) emphasized the importance of data and
graph interpretation experiences for pre service
teachers to fostering their scientific skills in
scientific investigation. They convinced that the
ability of interpreting data scientifically also one of
basic competence needed to explain phenomena

scientifically.

Table 1 Distribution of Teachers Scientific

Competence Indicator’ Scores

Table 2 Correlation among scientific

competence’s indicators and with teaching

experience
Correlation form P ~ | Assumption
value”
Design Scientific Enquiry
with Interpret Data 0,43
Scientifically correlated
Make Concept Map with
Interpret Data Scientifically 0,31 correlated
Make Concept Map with
Design Scientific Enquiry 0,29 correlated
Teaching Experience with:
e make concept map 0,22
e design scientific 0,20 correlated
enquiry 0,22 correlated
e interpret data correlated
scientifically

Percentage
Competence’s indicators of
Teachers

Type of Concept Map

None & Spoke (Poor) 26

Chain & Net (Good) 74%
Designing and Evaluating
Scientific Enquiry

Score 0 to 2 (Poor)

Score 3 and 4 (Good) ??2//2
Interpreting Data
Scientifically

Score 1 to 3 (Fair) giz//"

Score 4 and 5 (Good) 0
Teaching Experiences 46%

<1to 11 years 54%

12 to 36 years

*) p value > 0,05 means the correlation is

exist

Attitude toward science includes cognitive
trust to be aware of the relevance, difficulties and
gender equality in science, the choice to enjoy or
worry in carrying out science practices, and
control of acceptance in the form of self-
confidence to succeed and conformity to the
context (S. van Aalderen-Smeets & Walma van
der Molen, 2013). The scientific attitudes covered
the introduction of scientific aspects in a
phenomenon or science enquiry is also related to
insight and science literacy. This is what makes
the proportion of scores result will be related to
scores in interpreting data scientifically. The
existing correlation of make concept map with
interpret data scientifically also perceptible in the
study of social network analysis, which puts

concept maps as data networks (McLinden, 2013).
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Without adequate skills in interpreting data,
comprehensive concept maps could not be built.
In the other hand, concept map can provide a
method to analyse thoughts, highlights issues,
dilemmas and pathways for discussion and
decision (Jennings, 2012). It means a good concept
map can be a useful tool to interpret data
scientifically as well.

The evaluation of concept maps revealed
consistency  among

concepts,  significant

relationships, clarity of ideas and logical
relationship between the stages of a research
project (Bittencourt et al., 2013). Concept map
might be used to facilitate students’ learning as
feedback concerning strengths and weaknesses in
the development of critical thinking can be
provided (Mok et al., 2014). Those study’s result
can be the reason why design scientific enquiry
have correlation with skill of making concept
maps.

There are only slight differences on average
scores between two big group of teaching
experiences span (Table 3). The indicator’s score
differences respectively are 0.31 for Make Concept
(Explain Phenomena Scientifically), 0.02 for
Design Scientific Enquiry, and 0.28 for Interpret
Data Scientifically. The interesting thing is the
teachers with longer span of teaching experiences
got higher score in Interpret Data Scientifically,
while the newer teachers got higher score in Make
Concept Map (Explain Phenomena Scientifically).
A relative wide span of teaching experiences
almost give no effect in ability to design scientific
enquiry (the difference of score is only 0.02),

which is being an unexpected finding in this case.

Table 3 Scores of three competence’s indicators

on two groups of teaching

experiences

Average Average Average
Teachin Score of Score of Score of
ex eriencges Make Design Interpret
P Concept Scientific Data
Map Enquiry Scientifically
1210 36 1.63 1.58 2.84
years
08t 11 1.94 1.56 2.56
years
Difference 0.31 0.02 0.28
The duration of teaching experience
automatically ~ enriched  teacher’s  teaching

practices, rapidly or slowly, whether in positive or
negative direct. A study found that the longer
teaching experience correlated more with high-self
efficacy and teacher-centred approach, and less
with learning strategies (Fendler & Glaeser-
Zikuda, 2013). A longitudinal study (Alger, 2009)
showed that teachers’ conceptions become more
complex as their experience increases, whereas
newer teachers have a tendency to begin with and
aspire to student-centred conceptual metaphors.
Other study also suggest investing in professional
development that integrates content learning with
analysis of student learning and teaching rather
than advanced content or teacher meta cognition
alone (Heller et al., 2012). This certainly related
with the achievement of scientific competence of
teachers as proven in this study (Table 2 and 3).
However, it is apprehensive if the teaching
experiences can not enhance teacher’s scientific
competence. Despite the varies of elementary
school teacher’s educational background, it is very
important to refresh, re trait and recharge teacher
periodically to keep their education spirit, to
improve their weakness, and to update current
development in scientific teaching and learning. In

one case of study, teachers who had confidence in
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mastering integrated science process skills and
could demonstrate good performance in practical
application was still low in the conceptual
understanding. Pre-service and in-service teacher
trainings which can emphasize conceptual
knowledge of integrated science process skills are
recommended to improve the understanding,
proficiency and flexibility in applying integrated
science process skills and lead more meaningful
learning (Hafizan et al., 2012) The research by
(Palmer et al., 2016) revealed that fruitful science
learning from students’ perspective is the learning
with novelty, relevance and a giving a success
feeling. Therefore, teacher must continuing
improve their science learning method and
contextualize the topics.

All the result strengthen the important of
higher order thinking skills (HOTS) as the basic
behind scientific ~ competence indicators
performance. The correlation among the scientific
competence’s indicators also means that each of
indicators required one or some of the same HOTS
components. If the teaching and learning
processes, either in  teacher’s education
background or which is implement by teachers in
the classroom, do not facilitate HOTS within, the
scientific competence will not be performed.
According to the reference studies above, the more
senior and experienced teachers, the more
resistance to get out from their comfortable way in
teaching. Once the teachers choose the
transmission method or rote-learning in teaching,
which is relied on lower order thinking skills, as
the best way for them, it tends to be more difficult
to develop scientific competence both for teachers

them self and the students.

CONCLUSION

The three indicators of scientific
competence that were observed turned out to be
related each other in pairs, which meant interplay
each other. Achievement of one indicator of
scientific competence will affect the achievement
of other scientific competence indicators. The
correlation among the scientific competence’s
indicators also means that each of indicators
required one or some of the same HOTS
components. It must be noted that the capacity of
the three basic cognitive process dimensions,
which are categorised as lower order thinking
skills (remember, understand and apply), certainly
influence in HOTS’ performances as well.

The  three

competence were found have correlation with

indicators of  scientific

teacher’s duration of teaching experience in almost
equal values. That result also strengthen the
evidence that all of competence indicators
correlated each others. The interesting but
disappointing finding is the fact of very little
differences of achievement between longer span
experienced teachers and the newer teachers. The
establishment in chosen comfortable teaching way
of experienced teachers might be the most
reasonable explain (Alger, 2009; Fendler &
Glaeser-Zikuda, 2013)

Scientific competence is very important and
can especially be developed in science-based
learning. To foster student scientific competence,
teachers must first master these competencies,
including elementary school teachers through
science-based thematic learning. The findings of
this study show that the scientific competencies of
elementary school teachers still need to be fostered
through various forms of professional development
programs, both through formal education for pre-

service teachers, in-service training, activities in
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the teacher working group and experts assistance.
Moreover, the scientific competence of teachers in
higher level school (lower and higher secondary
schools) are needed to be investigated as well. All
of efforts must be supported by suitable of learning
and assessment system both for teachers and
students. If the learning and assessment based on
HOTS, hence scientific competence can be

expected to be developed.
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