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Abstract

This research aimed at 1) developing and producing feasible free inquiry lab-based students'
worksheets to increase the dimension in students' science literacy process and 2) examining the
effectivity of free inquiry lab-based students' worksheets in increasing the dimension in students'
science literacy process. This research was conducted using research and development method. The
students of XI MIPA SMA Kristen 1 Salatiga were the subject of this research. This research was
conducted in the first semester of the 2018-2019 academic year. The validation questionnaire and
students’ response, the observation sheet of dimension process and learning model implementation,
and the science literacy question sheet were the research instrument covered in this research. The
hypothesis test was conducted using the paired-sample t-test. The result of this research revealed
that 1) the developed free inquiry lab-based students’ worksheet was feasible based on the
assessment result from the professional validator with the average 80.19%, and the students'
response was very good towards the worksheet with the assessment average 82.49%. 2) The free-
inquiry lab students’ worksheet was effective in increasing students' dimensions in the science literacy
process in plant tissue topic, which was supported with the average of students’ dimension of science
literacy process 87.71% (very good) and the students’ N-Gain was 0.7 (very good). It was proved by
the paired samples t-test statistic test with a result of 0.00 < 0,05. Therefore HO was rejected, or in
other words, the free inquiry lab-based students' worksheet was effective in increasing the dimension
in the science literacy process.

Keywords: Students’ Worksheet, Free Inquiry Lab; Dimension Process; Science Literacy; Plant
Tissue Topic

1. Introduction

The twenty-first century is characterized by the development of science and
sophisticated technology. Along with the development of science and technology, various
challenges should be faced. One of the challenges in education is to create a qualified
educational system and be able to produce qualified human resources for giving the
contribution to the development (Mukminan, 2014). Therefore, it is essential to shape the
competencies needed for human resources in order to be able to compete in this
globalization era (Hermita, Suciati, & Rinanto, 2016).

The vital role of education in facing the developing science and technology becomes
the target in a growing and developing process of every human resources' potential
(Tirtarahardja & Sulo, 2012). Therefore, every teacher, who takes the critical, part also must
be able to follow educational innovations thoroughly in order to realize the educational
quality.

The development of science and technology is also supported by the development of
science, especially in natural science. According to Arikunto (2006), natural science
education and technology have a close relationship where natural science education is the
base of technology development, while technology supports the development of science.

The quality forming process is fundamental to do through the science learning
process. For that reason, the learning quality in science learning is essential in order to
motivate students' so that they can develop their skills and think about the scientific process
(Ardhana, 2002). Science learning also trains the thinking ability in high order, such as
logical, critical, creative, and innovative thinking, problem-solving, the ability in making an
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appropriate decision, and the ability in science technology which will lead to the shaping of
the students’ science literacy (Liliasari, 2011).

Science literacy is an ability owned by a person in understanding, at this point is to
understand the scientific concepts and their processes, communicating, and the ability to
apply the science to solve the problem (Yuliati, 2017).

Science literacy is categorized into four dimensions: science application context,
competencies, knowledge, and attitudes (OECD, 2007). The science process has a vital role
in science literacy because, in this process, a person can involve directly in the scientific
method, it is to prove the scientific concepts, construct the scientific knowledge, and train the
communication skills based on the obtained data and fact from science process.

Referring to the fact that it happened in Indonesia, according to the Programme for
International Student Assessment (PISA), Indonesia is in the sixty-ninth rank from seventy-
six participating countries (OECD, 2016). It is known generally that the average of
Indonesian students' science skills has not been able to relate between knowledge and its
application, which affects students' competencies. In line with that (Utami, 2018) reveals that
the science literation profile of junior high school students in Purwokerto is still low, where
the test result shows that the students' science content ability is 53.80%, the science
processability is 44.03%, and the students' science context ability is 35.088%. Following the
result released by PISA, the average result of science literacy skills is also categorized as
low. It is revealed towards the research conducted by Wardhani, Situmorang, &
Sastrodihardjo (2018) that the science literacy competency is categorized as fair with the
average 66,67%, while the research conducted by Pratiwi, Situmorang, & Krave (2018) in
SMA Kristen 1 Salatiga revealed that it is needed to design a suitable learning model to
increase students’ science literacy competency.

The facts presented above give a picture that the scientific understanding of students
in Indonesia is still categorized as low. It also shows the learning process, which is not
optimal. The deep scientific understanding from the students is often related to the restricted
motivation, horizon, and creativity of the educators. Besides that, the learning process which
is lacked direction to the students' participation activity and focused on the material
delivering target so that it does not give a meaningful learning experience to the students
(Priyambodo & Situmorang, 2017). The data released by The Ministry of Education in
Indonesia shows that the students' concept mastery based on the 2016/2017 Academic
Year Biology National Examination Result is still categorized as low. It is 40% at the national
level and 47.13% in Central Java and 56.42% in plant tissue material.

Based on that fact, educators need to apply a precise strategy and innovations in the
learning process to optimize the students' competence achievement. The development of
students’ worksheets is considered as one of the efforts to motivate students to do scientific
observation so that it can build students' knowledge of the concept learned in Biology
subject. The students' worksheet includes the activity which is must be done by students to
maximize their understanding along with the learning indicator achievement (Trianto, 2009).
The development conducted on students’ worksheet needs to be supported with scientific
approach-based learning model.

The inquiry is one of the scientific-based learning models. It is characterized by a
process done to find and understand information towards systematical, critical, logical, and
analytical findings so that the students’ can formulate their findings (Trianto, 2009). The
application of the inquiry learning model encourages students' direct involvement in the
scientific process so that they can increase science understanding. Wenning (2011)
classifies inquiry-based learning to some levels, and one of the levels is inquiry laboratory. In
this level, students can establish the concept based on conducted scientific examination
towards teamwork to build their knowledge.

There are three types of inquiry lab: guided inquiry lab, bounded inquiry lab, and free
inquiry lab (Wenning, 2011). Guided inquiry lab is characterized by teacher's direct
involvement in a whole part in guiding the students building their knowledge, while the
bounded inquiry lab is typified with the pre-lab activity, which still needs teacher's
involvement. The teacher's involvement is limited in identifying the main problem. The free
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inquiry lab is indicated with the direct identification of the research problem done by the
students so that the students are able to build their knowledge.

The inquiry lab model application encourages students' active involvement in the
learning process. It is relevant to the research result by Suryanto, Susanti, & Saputro (2015),
which shows that the free inquiry model gives a positive result towards higher students'
learning achievement in the experimental class along with 80.22 and it is compared with
control class 72.53. It is supported by the free inquiry model which gives complete freedom
to students to dig and find the answers through an experiment for solving the problem so
that it is able to form and build students' scientific concept finding process, though the other
learning media or tool is needed to help students in finding the concepts. Besides that, the
similar research conducted by Sulistiawan, Sumardi, & Berman (2017) states that the
application of levels inquiry model is able to increase students’ achievements in all aspects
such as cognitive, affective, and psychomotor. This model encourages students to find their
concepts related to material through a set of the scientific process.

If it is correlated with the science dimension process, therefore it is assumed that the
free inquiry lab has the real connection as one of the learning models, which can increase
students' dimensions in the science literacy process. The plant tissue topic contains the
concept of constitutive, structure, and the purpose of each plant's constitutive tissue. The
primary competency that the student should achieve is that the students should be able to
apply the concept of the correlation between the plant's cell tissue structure and the purpose
of the plant's organ based on the observation result.

Consequently, teachers need to design an activity that can facilitate students to
achieve that competency. The development of free inquiry lab-based students' worksheet is
one of the appropriate solutions to be applied for the presence of students' worksheet can
direct students in conducting an experiment related to the identification of plant's constitutive
tissue. In contrast, a free inquiry lab encourages students to involve directly and actively in a
scientific experiment to build their knowledge on that topic. It will lead to the shaping of
students' science literacy. This research is conducted to develop and verify the effectivity of
free inquiry lab-based students' worksheets in enhancing the dimension in the science
literacy process for the students of SMA Kristen 1 Salatiga.

2. Method

The research is conducted using the research and development method, which is
adapted from the steps in Borg and Gall's theory of Research and Development (R&D)
(Borg, W. R & Gall, 2003). It is directed for generating a product that is free inquiry lab-based
students' worksheet for senior high school students. The steps conducted in this research
covers the preliminary studies and collecting information, planning, and designing, making
free inquiry lab-based students' worksheet, product validation | (internal review) by the
lecturer expertise in the topic and learning media, product validation Il (external review) by
the teacher teaching the Biology subject for Senior High School Students, a limited trial
which covers legibility test by six students of XI MIPA and limited trial in the small group
participated by ten students. The next step is to conduct a product effectivity test towards the
application of free inquiry lab-based students' worksheets to the students of XI MIPA 1 SMA
Kristen 1 Salatiga.

The product trial is conducted by applying the draft of free inquiry lab-based students'
worksheets in the learning process. After that, the observation is conducted. The product
trial is conducted with using the One Group Pre-test & Post-test (Sugiyono, 2010).

The subjects of the trial are the students of XI MIPA from SMA Kristen 1 Salatiga in
the first semester of the 2018-2019 academic year. The subjects of the trial in the research
and development are six students participating in the legibility test, ten students participating
in limited trial (small group), and 24 students from XI MIPA 1 participating in product
effectivity test.

The data collection process uses questionnaires, observation, and written tests. The
guestionnaire is used in validating the developed students' worksheet so that a feasible free
inquiry lab-based students' worksheet can be obtained to be implemented in the learning
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process. The observation is conducted for assessing the achievement in the dimension in
the science literacy process and assessing the learning implementation. The written test is
conducted to assess the achievement in students' knowledge, which covers pre-test and
post-test.

The research instruments used to cover the students' worksheet validation
questionnaire for expertise validator, students’ worksheet validation questionnaire for
students, the observation sheet for observing the achievement in the dimension in science
literacy process, learning achievement observation sheet, and the science literacy questions
as the test for seeing students’ learning result.

The technique in analyzing the data covers the analysis of product validation
developed using the descriptive quantitative analysis based on the validation result,
response, and the validators commentary through the students' worksheet. The analysis of
learning implementation is done based on the observation result by the observer through the
total percentage from the learning syntax in the lesson plan. The analysis of the
achievement in the dimension in students' science literacy is conducted based on the final
score obtained by each student. This accumulative score is the amount of the total score
from each component/science process assessment aspect used in the assessment. The
effectivity analysis of free inquiry lab-based students worksheets towards the enhancement
in the dimension in students' science literacy process is done using paired samples t-test
with the assistance of the SPSS 18.0 version. This effectivity test is the analysis prerequisite
test, which covers the normality test and homogeneity test. For the next step, the hypothesis
with paired samples T-Test is conducted.

3. Result and Discussion
3.1 The Feasibility of Free Inquiry Lab-Based Students’ Worksheet

The feasibility result of the free inquiry lab-based students’ worksheet is obtained
based on the assessment result from the expertise validator and the assessment from the
students toward the students' worksheet, which has been developed and applied in the
learning process of plant tissue topic for XI MIPA 1 students. The free inquiry lab-based
student worksheet was developed using the development steps adapted from the
development model proposed by Borg, W. R & Gall (2003), though the steps were not
applied in whole regarding the time limitation and the research expense. It is relevant to what
is proposed by Ardhana (2002), which states that in the developing process, we are able to
choose the most suitable steps based on the condition which we face. A learning tool is
considered as feasible if they fulfill the validity standards based on the assessment from the
experienced validator (Prihantya, Mitarlis, & Maulida, 2016). Here is the feasibility test result
of the free inquiry lab-based students worksheet in detail :

Table 1: The Assessment Result of The Feasibility in Free Inquiry Lab-Based Students

No. Assessment Aspects P (%) Category

1. Preface 72,92 Feasible

2. Content 79,17 Very Feasible

3. Utilization 72,92 Feasible

4. Assignment/Evaluation/Assessment 85,71 Very Feasible
Average 77,68 Very Feasible

Table 1 above shows the feasibility assessment result of the free inquiry lab-based
students’ worksheet by validators based on the percentage of each assessment indicators
with the total average 77,68% which can be categorized as very feasible, or in other words
the students’ worksheet with the topic plant tissue has been very feasible to be applied in the
learning process. Besides the assessment in the percentage number, the validator expertise
in plant tissue topic also gives suggestions with the clarity of the material, and the choice of
the plant used as the practice material. The plant should be natural to get in the
surroundings as much as possible. It is in line with the conducted research where the
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teacher needs to design a learning activity that is related to the reality through a contextual
phenomenon or related with surroundings (Chamany, Allen, & Tanner, 2006). Besides that,
validators' expertise in the material suggests related to the needs of illustration or description
on plant tissue by the students’. It can help students along the identification process. A
learning device, including the students’ worksheet, will be better and effective if it is
completed with the illustration as the real picture of the discussed concept (Toharudin,
Hendrawati, & Rustaman, 2011). It was also stated Shabiralyani, Hasan, Hamad, & Igbal
(2015), say that using visuals illustration as a teaching method stimulates thinking and
improves the learning environment in a classroom. Students develop and increase their
personal understanding of the areas of learning when they experience successful and
pleasant learning in the classroom.

Table 2: The Feasibility Assessment Result of Free Inquiry Lab-Based Students

No. Assessed Aspects P (%) Category
1. Physical Appearance 90,63 Very Feasible
2. Attractiveness 93,75 Very Feasible
3. Utilization 75,00 Very Feasible
4.  Feedback 71,43 Feasible

Average 82,70 Very Feasible

Based on the result revealed in Table 2 above, it can be known that the feasibility
assessment result of the students' worksheet by the validators' expertise in learning media is
very feasible, with the total average 82,70%. In other words, the students' worksheet as the
learning media assessed through the assessment aspects on the table above has been very
feasible to be applied in the learning process.

Nevertheless, validators' expertise in learning media also gives suggestions to clarify
the character of the free inquiry lab from the students' worksheet, which will become the
particular characteristic of the developed students' worksheet. This developed students'
worksheet is a learning device integrated with the free inquiry lab model so that the
implication will align with the learning phases in the free inquiry lab phases. All suggestions
or inputs from various validators are used as an evaluation for the revision of the students'
worksheet in maximizing the development of free inquiry lab-based students worksheet
products.

After the students' worksheet has been revised and has been stated as feasible, the
legibility test is conducted. Six students from XI MIPA 2 participated in this test. Ten students
from XI MIPA 1 participated in the restriction test. From the conducted trial, later, the
students will do the assessment based on the aspects stated in the questionnaire. The result
of the students' assessment towards the students' worksheet is described as below:

Table 3: The Students’ Response Towards Free Inquiry Lab-Based Students Worksheet

No. Assessed Aspects P (%) Category
1. Visual 83,33 Very Good
2. Utilization 81,25 Very Good
3. Construction 86,46 Very Good
4, Content 78,91 Very Good

Average 82,49 Very Good

Based on the result obtained as described in Table 3, it can be known that students'
have an excellent response, proved with the assessment average in every assessment
aspects, 82,49%, or in other words, the students’ response has a positive response from the
students as the students’ worksheet implementation subject which directly interacts with the
students’ worksheet towards a series of activities in the worksheet.

It also can be seen from students' written responses that, generally, students are
assisted in understanding the concept of plant tissue towards the implementation of the free
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inquiry lab-based students' worksheet in the learning process. It is in line with the essence of
the designing process of students' worksheets, which is basically to assist students in finding
a concept, correlating the concept has been learned and found through a series of activities
in it (Martiyono, 2012). Teachers need to design the students' worksheets as well as
possible so that the worksheet can facilitate the students, enhance the learning activity,
encourage the students to be able to work individually and guide the students to the concept
development (Hamdani, 2011).

3.2 Learning Model Implication

The validated and revised free inquiry lab-based students' worksheets later implied in
a class. The result of the free inquiry lab learning implication is described in the graphic
below:

94

292

W Learning Model
Implication
Percentage

B8

86

84

B2 -
Observer 1 Observer 2

Figure 1: Learning Model Implication Percentage

Based on the graphic in Figure 1, it can be known that almost all aspects planned in
the lesson plan had been implemented based on the observation done by the observer. It is
shown in the graphic based on the observation done by the observers. The observation
done by the Observer 1 shows that there are 13 indicators implicated from 14 implication
indicators (92,86%), while the observation done by the Observer 2 shows that there are 12
indicators implicated from 14 implication indicators in the learning model (85,71%).

3.3 The Achievement of The Dimension in Science Literacy Process

The achievement of the dimension in the science literacy process is measured
through the observation sheet that contains assessment indicators based on the implication
trial of the free inquiry lab-based students' worksheet in the learning process towards 20
students of XI MIPA 1. The achievement of the dimension in the science literacy process is
described below.

Table 4: The Result of The Achievement for The Dimension in The Science Literacy Process

No. Science Process Indicators P (%) Category
1. Formulating Hypothesis 82,08 Very Good
2. Conducting an Experiment 85,42 Very Good
3. Observing 90,42 Very Good
4.  Data Interpreting 88,33 Very Good
5. Applying the Concept 90,42 Very Good
6. Communicating 89,58 Very Good

Average 87,71 Very Good

According to the results obtained in Table 4, it shows that these students' worksheets
can give an excellent result in terms of the dimension in students' science literacy process. It
is proved with the students' achievement average in every indicator, 87,71%, with the
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category excellent. The indicators of measured dimension in students' science literacy
process are based on the indicators of the scientific process in general, as stated in the table
above (Malik, Kurnia, & Siti, 2017). The indicators in the table above become the base of the
students' science process assessment, which is measured along the biology learning
process by implementing free inquiry lab-based students’ worksheet to conduct an
observation/experiment of plant tissue so that students can find their concept. It is in line with
the essence of the science dimension process as the form of development and
enhancement of students' science processability through experiments. Besides that, (Chebii,
Wachanga, & Kiboss, 2012) states that experiment or direct trial through practical activity
encourages curiosity so that students are challenged to do trials for being more active in the
Biology learning activity.

The presence of students' worksheets as a learning device integrated with the steps
of free inquiry lab, if it is linked with the dimension in the science literacy process, has a
robust correlation. It can be seen from the result obtained above. Students' worksheet is
useful to increase the activity of students in the learning process (Piawi, K.M, & Mawardi,
2018). As the inquiry which is designed to courage the students directly to the scientific
process (Trianto, 2009), the free inquiry lab-based students' worksheet facilitates the
students to be actively involved in the scientific experiment process to build their knowledge
about the plant tissue which affects the students' science literacy, especially in the science
process dimension. It is supported by the steps in free inquiry lab Joyce & Weil (2000),
which covers the problem exposition, data collection and verification, conducting an
experiment, formulating an explanation/concept, and the inquiry process analysis. They
direct students to do scientific investigation independently without direction before
conducting the activity, yet the students will do based on the designed students' worksheet
and integrated with the free inquiry lab model. It also becomes the distinctive characteristic
of the free inquiry lab at once. It will lead to the enhancement of the dimension in the
students' science literacy process.

3.4 The Effectivity of Free Inquiry Lab-Based Students’ Worksheet towards The
Enhancement in Science Literacy Process

The effectivity of free inquiry lab-based students' worksheet towards the
enhancement of dimension in science literacy process is measured based on the
achievement in the dimension in students' science literacy process supported with the Gain
Standard Value, and it is the deviation between the pre-test score and the post-test score
gained by the students after implementing the free inquiry lab-based students' worksheet in
the learning process. The result obtained is described as follows.
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Figure 2: Students’ Enhanced Learning Result

Based on the graphic in the second picture, it can be known that overall there is an
enhancement from students' learning results showed by the enhancement average from
students' pretest and post-test, 35,18, and the average of overall students N-Gain, 0,7. It can
be interpreted as a high category. Twenty students in XI MIPA 1 experience the
enhancement with the students' N-Gain percentage value categorized as high 55%, and the
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middle category is 45%. It means the implementation of free inquiry lab-based students
worksheet gives a positive impact towards students' learning achievement because it
facilitates students in a set of the scientific process which encourages the students to be
able to find the concept on a material. It is in line with what has been stated by Trianto
(2009) that in general, the inquiry process can develop all the students' potential, not only
restricted to the students' skill development, but it also includes the process of formulating
the problem, hypothesis, collecting and analyzing the data, and giving conclusion. Through
the process, the students will realize the investigation process which they have conducted so
that the learning process will give a meaningful impression for students because the chance
to be actively involved in finding the concepts has been given for them.

Table 5: The Result of the Free Inquiry Lab-Based Students Worksheet

Paired Differences

Paired- std 95% Confidence Sig.
samples t- Mean Std. Error Interval of the T df (2-
test Deviation Difference tailed)
Mean
Lower Upper
Learning
Result —
Dimension 7.50365E  9.59388 2.14526 70.54643 79.52657 34.978 19 .000
Process

The effectivity test of free inquiry lab-based students' worksheets in enhancing the
dimension in students' science literacy process is conducted through a paired-sample t-test.
A prerequisite test has been conducted before. This test covers the normality test and
homogeneity test. This test is done by analyzing the post-test result and the score
achievement average from the dimension in students' science literacy process. Because the
analysis prerequisite test result has been fulfilled, then the hypothesis test can be conducted
through the parametric statistic. The hypothesis test uses the paired-samples t-test, and it is
obtained the value sig. (2-tailed) 0,00 < 0,05, then Ho is rejected; in other words, the free
inquiry lab students' worksheet is useful in enhancing the dimension in the science literacy
process. It is relevant with the research that the phases in free inquiry lab encourage the
students to do the scientific investigation in solving the problem and give the students
comfortability to dig and find the answers so that the students can shape and build the
concept finding process independently (Suryanto et al., 2015).

In line with that, Khabibah & Suyatna (2018) also reveals that the use of inquiry-
based student worksheet instills generic science skill of the students. (skills for the students
in the scientific process, think, and act based scientific knowledge they have. It is possible to
happen because the learning activities are conducted through the experiments; the students
have to play a vital role in proving the hypotheses they have designed. The students are
involved in an inquiry process that included all the inquiry skills, namely: identifying
problems, formulating hypotheses, designing an experiment, gathering and analyzing data,
and drawing conclusions about scientific problems and phenomena. They were encouraged
to discuss their ideas about scientific phenomena based on their science experiment. While
performing the inquiry activity, the students practiced their metacognitive abilities in various
stages of the inquiry process (Kipnis & Hofstein, 2008).

Besides, the learning process using the students' worksheet integrated with the free
inquiry lab model can enhance the students' ability in the science literacy process. It is
because the product can facilitate students in doing scientific investigation so that the
students do learn not only the concept but also train the students' process in finding a
concept that will lead to the forming of the dimension in students' science literacy process
(Wenning, 2010).
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4. Conclusion and Suggestion

Based on the result and the discussion above, it can be concluded that the
developed free inquiry lab-based students worksheet is feasible and effective to enhance the
dimension in the science literacy process for students of XI MIPA 1 based on the feasibility
assessment from expertise validators. The students' response through the students'
worksheet is excellent so that it can be implemented in the class learning process. It is
supported by the students' average of the dimension in science literacy process 87,71 (very
good) and the N-Gain average 0,7 (very good) and also proved with the statistic test paired
sample t-test.

Teachers need to develop a learning device or model which can enhance students'
science literacy, especially the dimension in the science literacy process. Similar research to
enhance students' ability in science literacy needs to be conducted in another learning topic.
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