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Abstract. The ability of scientific literacy of indonesian student categorized as low. One of the
contributing factors is that teachers have not maximized their efforts in building literacy in the
learning process. The hydroponics practical in a biotechnology’s subject, can be measure the ability
of scientific literacy of a student because there is a science process in it. The aim of this reasearch is
to determine the ability of scientific literacy of chemisty pre-service Teachers for the knowledge and
competency’s aspects in a hydroponics topic. The method used in this study was quantitative
descriptive. Data were collected with an essay test of 10 questions and given to 50 chemistry pre-
service teachers by purposive sampling. Data were analyzed using descriptive analysis techniques.
Based on the results of the study, students' scientific literacy abilities in the knowledge aspect were
68.6% (good category) and in the competency aspect were 62.2% (sufficient category). Therefore, it
can be concluded that the scientific literacy abilities of prospective chemistry teachers in hydroponic
practicums are in the sufficient category and need to be improved further.
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INTRODUCTION of Indonesia’s student in terms of scientific
literacy. That is proven by the low quality
profile of the freshgraduate student and the

puroposively or organized to create the social lacking of educator’s skill in scientific literacy

experience process through escalating how [33]. In fact, scien_tific literacy is one of the
human think [8]. When we talk about 21st century learning challenges that all the
teacher should have. 21st century science

learning should give the science experience
that relevant with the needs of learning
International Student Assesment) in 2019, the without neglecting the objectives of education
quality of Indonesia’s education system ranked espeCI_a!Iy_ SC'en_t'f'C . I|teracy_ . [34]_' T_he
72nd out of 77 countries in total. And then if scientific literacy itself is the ability to identify
we specify to specific aspect like scientific and intepret scientific issues in order to be able
literacy, Indonesia just scored 371 points such to_conclude the conclusion with the basis of
a small score compared with other countries. science [20]. The educator should developed
That was an ironic fact, because scientific the scientific literacy ~because through
literacy is very essential. Scientific literacy scientific literacy, it can gives the positive
includes the way the student think impacts not only for the teacher itself but also
scientifically to identify and deal with the to stuc’ient. To optimize the fur}(:’t|on of
social issues that impacts to the betterment of student’s brain [19]. That is why it’s really
thinking and acting’s skill of the student [27]. important to identify the scientific literacy’s

ability of the student in the college.
Based on the PISA’s result there must be . .
an evaluation from Indonesia’s education . One _Of the_ C‘?“fse that linked with
system. The equal quality of educators being scientific literacy is biotechnology. Nowadays,

one of the problems that create the low score scientific literacy refers to the functional
aspect of science and technology that

Education is a renewal of meaning and
experience who related with people either did

education, Indonesia’s Education system still
lack behind compared with other countries.
Based on the reasearch PISA (Programme for
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correlates with human prosperity, economic
development, and the quality of life who build
the principal of biotechnology [37]. That is
why biotechnology is the right course to
determine the scientific ability of the student.
When we talk about biotechnology, it will not
be separate with hydroponics practicum.
Hydroponics is a planting technige who’s
changing the soil as a planting media with
some alternatives like tile chips, sand, gravel,
grated wood or sterofoam [22]. Hydroponics
believed to develop scientific’s skill through
differences, pattern, initiative, plan, and
knowing cause and effect [17]. In addition,
hydroponics is able to attract the interest of the
youth about science, agricultural bussiness,
and the understanding of scientific literacy [7].
The goal of this reasearch is to identify the
scientific literacy ability of the student in
knowledge and competency aspects in
hydroponics practicum.

Knowledge aspect is all about the basic
concept from science to  help the
understanding about the natural phenomenon
and its change thorugh human activity [29].
PISA divided this aspect into three sub aspects
they are: 1) content knowledge, including
theory, idea, information, and fact. This
knowledge construct by the past experience
and used that as a scientific evidence to solve
the issues related with science 2) procedural
knowledge, is a knowledge that emphasizes
the ability of sorting one information and
another to be the intact valid information.
Procedural knowledge needed in an activities
that need the clear systematic process to get an
accurate result during practicum 3) epistemic
knowledge emphasizes the student to be able
to describe and give a reason towards science
issues. Therefore, the knowledge aspect is
really important because the student with great
knowledge aspect will be able to identify the
guestions better and also based the conclsion
scientifically during the learning process [26].

The competency’s aspect or what is
commonly referred to as the scientific process
is one aspect of scientific literacy which is
defined as the process of an individual in
answering a question and then processing all
scientific information so that he can solve the
scientific problems [18]. Practical activities
are one method to improve students'
understanding and skills [38]. For the

competency’s aspect, PISA divide into 3 sub
aspects they are (1) explaining phonemena
scientifically, at this stage it requires a person
to recall the concepts or understandings that
are in accordance with knowledge according
to certain situations and conditions and apply
them to be able to explain scientific
phenomena that can be explained according to
science (2) designing and evaluating scientific
reasearch, this competency requires
knowledge of aspects in scientific reasearch.
For example how to measure a tool correctly,
what variables must be added or changed to
get the accurate results, or what steps should
be taken in order to obtain the valid and
accurate data (3) intepreting data and facts
scientifically, this competency includes
accessing  scientific  information  and
generating arguments and conclusions based
on scientific theories or facts. The ability in
this sub aspect also requires students to be able
to read graphs, diagrams, and histograms base
on scientific evidence [25]. The importance of
competency’s aspect is that allows a person to
be able to make a decision with the knowledge
they have and involved in matters of state,
culture, and economic growth [4]. From the
description above, reasearcher interested in
studying this reasearch.

METHOD

The reasearch method used was
descriptive reasearch method. Descriptive
method is a method that has the ability to
illustrate research but is not followed up to a
further conclusion [32]. The reasearch was
conducted online through the whatsapp group
on June 24-30 2022. The sample in this
reasearch was 50 chemistry pre-service
teachers who had done the hydroponics
practicum. After participating in the practical
activities, chemistry pre-service teachers are
expected to not only understand the content
related to Hydrophonics but also be skilled in
applying procedures logically and
systematically.

The data collection technique in this
reasearch was carried out by utilizing an
online platform such as google form. The
instrument used in this reasearch was a
description test, which consisted of 10 items
containing indicators for knowledge and
competency’s aspect each other five
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guestions. In the following Table 1, a grid of
this reasearch’s instrument presented

Table 1. Reasearch’s Instrument Grid

Aspects of  Sub Aspects Question Total

Scientific Items
Literacy
Content 1,2 2
Knowledge Procedural 7 1
Epistemic 6,8 2
Explain 3,4 2
Phenomena
Scientifically
Interpret 59 2
Data and
Competence Evidence
Scientifically
Evaluate and 10 1
Design
Scientific
Enquiry
Total 10

Interpret 50,6

Data and
Evidence

Scientifically

Evaluate and 72
Design

Scientific

Enquiry

Average 62,2
(Sufficient)

The data obtained is explained
descriptively. The percentages obtained were
then classified based on the scientific literacy
ability category, namely very poor (0-39),
poor (40-55), sufficient (56-65), good (66-
79), and very good (80-100) [2].

RESULT AND DISCUSSION

The data from the research on the
scientific literacy of prospective chemistry
teachers in terms of knowledge and
competence are shown in the following Table
2.

Table 2. Data of Scientific Literacy

Aspects of  Sub Aspects %Average
Scientific
Literacy
Content 65
Knowledge Procedural 74
Epistemic 66,7
Average 68,6 (Good)
Explain 64
Competence Phenomena

Scientifically

Based on Tabel 2 that has been
conducted, the percentage of students' overall
scientific literacy skills is not much different.
For the knowledge aspect, the percentage was
68.6% and for the competency aspect, the
percentage was 62.2%. With these results, it
can be categorized that the scientific literacy
skills of pre-service chemistry teachers on the
knowledge and competency indicators
regarding the topic of hydroponic practicums
are categorized as sufficient [39].

The scientific knowledge aspect refers to
the basic concepts of science needed to
understand natural phenomena and changes
made by nature through human activities [29].
In the knowledge aspect, there are 3 sub-
aspects that are assessed, namely the content
knowledge  sub-aspect, the procedural
knowledge sub-aspect, and the epistemic
knowledge sub-aspect. The average percentage
of the scientific knowledge aspect is 68.6%
and is categorized as good. The obtained data
can be seen in the graph 1 below.
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Figure 1. Graph of Scientific Literacy Ability in
the Knowledge Aspect

Based on the image above, it is known
that the average percentage of scientific
knowledge is 68.6 (Good Category). This
indicates that chemistry education students are
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scientifically literate individuals. This is in
accordance with [6] which states that an
individual who has good scientific knowledge
is called a scientifically literate society.

In the sub aspect of content knowledge,
researchers present questions about the ideal
humidity and temperature values of plants
because the topic of ideal humidity and
temperature of plants is a fact and theory that
has a fixed fixed value. This is in line with
[24] content knowledge is knowledge about
theories, ideas, information, and facts.

Based on the results of the research that
has been conducted, for the sub-aspect of
student science content, a percentage of 65%
was obtained or can be categorized as good
[23] the percentage of student science literacy
in the high content aspect indicates that the
individual has mastered the concept of a
material which is then driven by scientific
literacy-based practicum guidelines. So the
content aspect of scientific literacy is related to
the understanding of concepts possessed by
individuals in order to build a foundation of
scientific knowledge that is owned [30].
Furthermore, good content knowledge skills
will have a positive impact and are very
important for all prospective teachers, this is
supported by the theory of [14] which states
that good content knowledge from a teacher
will have a positive influence on decision
making related to teaching activities. This is
intended to create a better learning experience.
A teacher who has good content knowledge
skills will be able to construct material
elements simultaneously to his students and
will provide a more detailed learning
experience for students.

In  the sub-aspect of procedural
knowledge, researchers asked questions about
the topic of hydroponic plant planting period.
Given 2 pieces of information related to the
type of plant and the hydroponic plant planting
period in random order, students are required
to make both pieces of information into a
single piece of correct and systematic
information. This is in line with the results of
research conducted by [3] which states that a
procedure is a description of the
implementation of a process that is structured
as steps or instructions to make logical and
systematic information.

From the research results, it was found
that the percentage of students' scientific
literacy skills in the procedural knowledge
aspect was greater than the other two sub
aspects of knowledge (content knowledge
aspect and epistemic knowledge aspect)
because students' understanding in the content
aspect was already good about the planting
period of hydroponic plants. This is in line
with the research of [36] which states that
understanding of the high scientific knowledge
aspect (content knowledge) makes it easier for
an individual to master procedural knowledge
because they already have the initial
understanding needed. As for the research that
has been conducted, the percentage of
students' procedural knowledge was 74% or
can be categorized as good. Although these
results are classified as good, these results are
still considered less than ideal for a pre-service
teachers. This is stated in the research [12] the
expected results for the procedural knowledge
aspect of a pre-service teachers are above
75%.

In the aspect of epistemic knowledge,
researchers provide questions that are intended
to hone students' ability to formulate answers
to a scientific theory. Epistemic knowledge
refers to explaining the difference between
scientific theory and hypothesis or scientific
fact [22]. This knowledge aims to enable pre-
service chemistry teachers to interpret and
answer questions and identify whether a
scientific claim is justified by data and also
show scientific evidence that supports the
theory or hypothesis. Based on research data,
the percentage of epistemic knowledge aspects
was 66.65% (good category). The good
category in epistemic knowledge is due to the
strong mastery of science content and
procedural knowledge. This is in accordance
with the theory put forward [10] epistemic
knowledge is advanced knowledge which is a
reinforcement of the mastery of aspects of
science content knowledge and good
procedural knowledge aspects. Teachers'
epistemic knowledge has an influence on
increasing  students'  understanding  of
orientation in learning activities [15].

The aspect of scientific competence is one
aspect of scientific literacy which is
interpreted as the process of an individual in
answering a question and then processing all
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the scientific information he has to be able to
solve scientific problems [18]. In the aspect of
scientific competence, it is divided into three
sub-aspects of scientific literacy, namely
explaining scientific phenomena, interpreting
data and proving it scientifically, and
evaluating and designing scientific research.
The average percentage data on this aspect can
be shown in the following graph.

The aspect of scientific competence is one
aspect of scientific literacy which is
interpreted as the process of an individual in
answering a question and then processing all
the scientific information he has to be able to
solve scientific problems [18]. In the aspect of
scientific competence, it is divided into three
sub-aspects of scientific literacy, namely
explaining scientific phenomena, interpreting
data and proving it scientifically, and
evaluating and designing scientific research.
The average percentage data on this aspect can
be shown in the following graph 2.
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Figure 2. Graph of Scientific Literacy Ability in
the Competence Aspect

The average percentage of the science
competency aspect is 62.2% or categorized as
good. A good competency aspect is an
implication that students carry out hydroponic
practicum activities well and are able to apply
the competencies they have from the
practicum activities in answering questions
related to hydroponics. [21] said that the high
or low science competency or science process
skills of students are influenced by their
experience in carrying out practicum activities.
Through good practicum experiences, students'
science process competencies or skills can be
improved.

The aspect of explaining scientific
phenomena is the competence to describe or

explain phenomena, predict changes, and
involve appropriate recognition, identification,
description, explanation, and prediction [4] In
the aspect of explaining scientific phenomena,
researchers provide questions that contain the
topic of scientific phenomena in the world of
plants, especially hydroponics. There are two
questions for this sub-aspect, the first question
is in question number 3 the researcher asks
about the phenomenon of chlorosis/yellow
disease in leaves then in question humber 4 the
researcher asks about the phenomenon of
collapsed plants that often occur in hydroponic
cultivation. From these questions, students are
expected to be able to describe and provide
explanations related to the scientific
phenomenon and apply this knowledge.

Based on the data, it is known that in the
sub-aspect of explaining scientific phenomena,
the percentage of students' scientific literacy
skills was 64% (sufficient category). This is
because awareness of scientific issues that
occur in the environment around students is
quite good [30] and students' understanding of
the content is quite good [11]. The aspect of
explaining scientific phenomena is an
important aspect for pre-service teachers to
master. This is in accordance with what was
expressed by [9] a prospective teacher must be
able to explain scientific phenomena that
occur in the surrounding environment in order
to answer students' high curiosity and can
increase students' knowledge to a better level.
In addition, prospective teachers must also be
able to distinguish between facts and opinions
S0 as not to cause misconceptions.

In the aspect of interpreting data and
proving scientifically, the researcher gave two
questions about the topic of hydroponics,
namely regarding hydroponic methods and
plant nurseries for hydroponics. In the
questions, graphs and diagrams are presented,
students are asked to be able to read data from
the graphs and diagrams and to be able to
provide an explanation of the information
obtained from the graphs and diagrams
presented and to interpret scientific findings
from hydroponic practicum to draw a
conclusion. This is in accordance with the
theory put forward by [16] in interpreting data
and proving scientifically, one of the scientific
achievements achieved is being able to have
the ability to interpret images, interpret graphs,
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and mathematical equations. In addition, in
this aspect, students are also required to
interpret scientific findings as evidence for a
conclusion [4]. In this aspect, it is known that
for the question item interpreting graphs
(question number 5) the percentage obtained is
40.67% (less) and for the question interpreting
diagrams (question number 9) the percentage
obtained is 60.67% (sufficient) and if
accumulated as a whole, the percentage for the
aspect of interpreting data and proving
scientifically is 50.6% or categorized as
sufficient. Rahmayanti The ability of the
scientific literacy aspect that has not reached
the good category is influenced by the lack of
creative thinking which has an effect on the
lack of ability to provide solutions [28]. If
narrowed down specifically, these poor results
are because students do not yet have the ability
to recognize and understand the components in
graphs or diagrams or the relationship of each
component to the data context [35]. Another
factor that causes the low percentage of
scientific literacy skills in this aspect and
occurs most often in student answers is that
students only read the graph trend, namely the
increase or decrease, without linking it to
scientific phenomena or other information in it
[31].

Menguasai sub aspek mengintepretasi
data dan membuktikan secara ilmiah pada
literasi sains sangatlah penting bagi guru.
Mengingat aspek ini adalah aspek yang
nantinya harus dimiliki oleh siswa sesuai
dengan tuntutan kurikulum [13].

In the sub-aspect of evaluating and
designing scientific research, researchers ask
guestions about materials around us that can
be used in assembling the static floating raft
hydroponic method. This is intended to
explore students' abilities in evaluating what
tools are appropriate for the method so that
they can produce accurate data/results during
hydroponic practicums. This is in accordance
with the theory put forward by [24] in the
aspect of the competence of evaluating and
designing scientific research, this requires
knowledge of the key features of scientific
practicums, such as what should be done, what
materials/ingredients should be used during
the practicum, and what actions should be
taken so that accurate and precise data can be
obtained during scientific research.

From the research results, the percentage
of students' scientific literacy skills in this sub-
aspect was 72% or can be categorized as good.
This shows that students have the ability to
conduct experiments and investigations well
[5].

Understanding  the  sub-aspects  of
evaluating and designing scientific research is
a very important aspect, especially for pre-
service chemistry teachers because later when
teaching, chemistry teachers must be able to
guide their students while students are doing
practical activities. This is in accordance with
the theory put forward by [1] which states that
the ability of prospective teacher students to
evaluate and design scientific research using
practical methods is very useful for students so
that they can plan, implement, and evaluate
practical work well when they enter the world
of schooling.

Based on the research data and discussion
above, it can be seen that the scientific literacy
skills of pre-service chemistry teachers
students in terms of content and competency
related to chemistry practical materials are
included in the sufficient category.

CONCLUSION AND RECOMMENDATION
Conclusion

Based on the results and discussion, it
can be concluded that the scientific literacy
skills of prospective chemistry teacher
students related to hydroponic practicums in
the Biotechnology course are in the fairly good
category. This is indicated by the average
percentage of knowledge aspects of 68.6%
(good category) and competency aspects of
62.2% (sufficient category).

Rekomendation

For teachers and lecturers, it is expected
to facilitate students in learning, one of which
is by maximizing practical activities, both real
and virtual practicals, because through
practical activities, students' scientific literacy
skills can be honed to be better, thus creating
competent pre-service chemistry teachers. And
for subsequent researchers, in order to perfect
this research by exploring other aspects of
scientific literacy, such as aspects of context
and attitudes in other chemical materials.
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