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Abstract: This study set out to examine the effectiveness of project-based science learning towards 
pre-service teachers literacy skills and learning creativity in wave and optical materials. This quasi-
experimental study involved 115 students of Primary Teacher Education Program, Universitas Sebelas 
Maret Surakarta.  Direct and in-depth data dissemination techniques were used in this study. The aspects 
of creative thinking abilities include fluency, authenticity, elaboration, and flexibility. Mann Withney 
U test was used to test the hypothesis, while the N-Gain test was performed to determine the pre-
service teachers improvement in scientific literacy skills and creative thinking. Both qualitative and 
quantitative data analyses were performed in this study. The results showed that: 1) material and optical 
tools–based learning activities are appropriate for the pre-service teachers scientific literacy skills and 
creative thinking. The correct answer term includes the highest average probability statistics from other 
subindicators; 2) aspects of science that are used in the aspects of literacy is in good category but the 
originality aspect in its ability needs to be developed and processed continuously.
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PENGARUH PEMBELAJARAN SAINS BERBASIS PROYEK TERHADAP 
KETERAMPILAN LITERASI ILMU DAN PEMIKIRAN KREATIF CALON GURU 

Abstrak: Penelitian ini bertujuan untuk mengukur keefektifan pembelajaran sains berbasis proyek 
terhadap keterampilan literasi dan kreativitas belajar dalam materi gelombang dan optik. Penelitian ini 
dilakukan secara eksperimen semu. Subjek penelitian ini adalah 115 siswa semester Program Pendidikan 
Guru Pratama, Universitas Sebelas Maret Surakarta. Teknik penyebaran data langsung dan mendalam. 
Aspek kemampuan berpikir kreatif meliputi kelancaran, keaslian, elaborasi, dan fleksibilitas. Untuk 
menentukan besarnya peningkatan keterampilan literasi sains dan siswa berpikir kreatif digunakan 
N-Gain Test hipotesis menggunakan tes Mann Withney U. Analisis data dilakukan secara kualitatif 
dan kuantitatif. Hasil penelitian menunjukkan bahwa: 1) kegiatan pembelajaran berbasis material dan 
alat optik sesuai untuk keterampilan literasi sains dan pemikiran kreatif siswa. Istilah jawaban yang 
benar mencakup statistik probabilitas rata-rata tertinggi dari subindikator lainnya; 2) aspek ilmu yang 
digunakan dalam aspek literasi dalam aspek yang baik tetapi aspek orisinalitas dalam kemampuannya 
perlu dikembangkan dan diolah terus- menerus.

Kata kunci: keterampilan literasi sains, keterampilan berpikir kreatif, pembelajaran berbasis proyek, 
gelombang dan optik

INTRODUCTION
Life skills on 21st century needed for the 

Indonesian people are critical thinking skills, 
creative, communicative, problem solving and 
literacy culture. To build a culture of literacy, 
especially in the realm of education, since 
2016 the Ministry of Education and Culture has 

intensified the National Literacy Movement. 
The culture of literacy in question is a culture of 
reading and writing that is expected to improve 
the quality of human resources. However, based 
on the results of the 2015 Education For All (EFA) 
study, it was explained that there was a decline 
in literacy in Indonesia. This was confirmed by 
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the results of UNESCO’s statistical data in 2012 
which stated that the reading interest index in 
Indonesia had only reached 0.001. This means 
that every 1,000 residents only one person who 
has a reading interest (Education For All 2015). 
Thus, the national average of each individual is 
not up to one book title per person per year that is 
read. As a comparison, regions in Indonesia that 
have the highest reading interest are DIY. Then 
based on the data from PISA in 2015, the average 
score of student science literacy in Indonesia 
was 382 with the average scientific literacy of 
all participating countries following the 2009 
PISA of 403. These results show that Indonesian 
students’ scientific literacy is still low and far 
away below average, even Indonesia’s position 
in the 2015 PISA countries has an average of 
low scientific literacy, which is in rank 64 of 72 
participating countries (OECD, 2015).

One effort that needs to be done in 
developing literacy is by directing children to 
get used to reading. In the world of education, 
especially in schools or colleges, literacy 
development should be carried out effectively 
and efficiently. However, based on observations 
to students of the third semester on Primary 
Teacher Education Program  2016/2017 the 
activity of reading journals is still in the low 
category. The results of the analysis of lecture 
assignments and practicum reports, 100% of 
students still use references derived from blogs 
/ wordpress / middle school books. The search 
for reference sources in the form of scientific 
works such as journals and proceedings or final 
assignments (thesis, thesis, dissertation) is still 
not used as the main reference in working on a 
task or to add scientific insight.

Based on the results of the interview, 
students are still experiencing confusion in 
finding reference sources in the form of journals 
or scientific works, such as searching the journal 
website. This is because during learning, students 
have not been accustomed to finding, reading, 
and analyzing references in the form of journals 
both nationally and internationally.

Literacy is important in the development 
of the world, especially in the face of the 21st 
century. According to Wakhidah (2012), skills 
in the 21st century that need to be mastered by 
someone include critical thinking skills, problem 
solving skills, creative thinking skills, decision 
making skills, reflective reading and writing 

skills, communication skills both orally and in 
writing. These skills are expected to always be 
developed in every learning so that students are 
able to face the challenges of the global world.

Science is a branch of science that can 
develop skills in the 21st century. Chiappetta & 
Kobbala (2010) explains that science must be 
viewed from four dimensions, namely science 
as a way of thinking, science as a way to 
investigate, science as the body of knowledge, 
science and its interaction with technology and 
society.  Therefore, in science learning activities 
must cover these four dimensions with the aim 
of fostering students with scientific literacy. 
According to Rahayuni (2016), scientific literacy 
is a very important thing to be mastered by 
every individual because this is closely related 
to one’s understanding of the environment and 
other problems faced by modern society that are 
very dependent on the development of science 
and technology, including also social problems. 
Learning science that directs students to become 
literate towards science must have the ability to 
think critically, creatively and solve problems. 
Ministry of National Education (2011) and 
Winarni (2012) explained that science learning 
that should be done is learning that can prepare 
students to be knowledgeable in science and 
technology, able to think logically, be able to 
think critically, creatively, and solve problems in 
real life. Based on some of these explanations it 
can be implied that the goal of learning science 
in addition to creating students with scientific 
literacy, is also able to create students who have 
the ability to think creatively.

Fathurohman (2014) explained that 
students’ scientific literacy abilities can be 
influenced by several factors, namely learning 
methods and models by the teacher, education 
curriculum and system, learning facilities and 
infrastructure, learning resources, and teaching 
materials. Factors that directly intersect with 
students’ learning activities are the selection 
of learning methods and models by educators. 
Cahyana (2017) explains the factors that need 
to be considered to develop scientific literacy is 
to attract the involvement of students in learning 
and create a pleasant learning atmosphere, thus 
making students learn to be ready to learn and 
better at understanding science. One method 
that can be effectively used in science learning 
(physics) is the project method (Roziqin, 
Lesmono, and Bachtiar: 2018).
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Hendrik & Ihtiari (2016) explained that 
the project learning process in an application 
supports the development and improvement of 
students’ critical thinking skills. Furthermore, 
Sumarni (2015) states that through projects, 
students do not have to memorize any theory 
or equation (formula), but rather analysis and 
critical thinking by analyzing the information 
gathered to solve problems through the project. 
This pragmatic approach concentrates more on 
processes than content. Based on this explanation, 
the project method can be used as one method 
that can be used in developing creative thinking 
skills and scientific literacy abilities of students, 
especially in wave material and optical devices.

Some of the research that has been done 
on project-based learning in developing scientific 
literacy skills and creative thinking, among 
others, is Afriana’s research (2016) which yields 
findings that project-based learning with the 
STEM approach can improve science literacy 
of junior high school students on the theme of 
air pollution compared to classes without using 
learning. project based on the STEM approach. 
The improvement of scientific literacy skills of 
male and female groups both increased with 
the average N-Gain in the medium category for 
aspects of knowledge and competence.

Research from Rohana & Wahyudin 
(2017) resulted in findings that project-based 
learning can improve students’ creative thinking 
skills significantly higher than the expository 
class, with the average value of N-Gain in the 
experimental class in the high category and the 
average value of N -Gain in the control class is 
in the low category. Furthermore, research from 
Fatimah (2018) produced findings that project-
based science learning has a significant effect 
on students’ creative thinking skills. Creative 
thinking skills of students who use free project 
based learning are better than those using guided 
project based learning.

Based on the background explanation 
above, this study aims to determine the 
effectiveness of project-based learning in 
improving scientific literacy skills and students’ 
creative thinking skills in wave and optical 
material.

METHOD
This research is a quasi-experimental 

research conducted at Primary Education 

Program VI Kebumen, Universitas Sebelas 
Maret on students with 3 classes/groups. 
Research design using Pre Test-Post test Control 
Group Design. The sampling technique uses 
simple random sampling where the three classes 
are randomized and two classes are taken as the 
research sample.

Table 1. Research Design

Group Pretest Treatment Posttest
A O1 X1 O2
B O1 X2 O2

Group A is the experimental 1 which 
is treated using the project method, while 
group B is the experimental II which is given 
a conventional method treatment that is only 
using the discussion method. Project-based 
science learning is divided into three themes, 
namely light waves, sound waves, and optical 
devices. The project theme on the concept of 
light and optical devices consists of holograms, 
kaleidoscopes, periscopes, and telescopes. The 
project theme on the wave and sound concept is 
sound resonance and mathematical pendulum. 
The project is completed in groups and within 
1 month.

Instruments of scientific literacy abilities 
and creative thinking abilities are measured by 
tests in the form of essays totaling 10 items. The 
form of the problem of scientific literacy ability 
adapts from the development of the Test of 
Scientific Literacy Skills (TOSLS) by Gormally 
(2012). Tests of creative thinking skills include 
fluency, originality, elaboration, and flexibility 
(Torrance, 1990; Alghafri, Rashid and Salim. 
2014).

Data analysis using Mann-Whitney U 
test with provisions if the p-value is <0.05, then 
the null hypothesis is rejected. Furthermore, to 
determine the magnitude of improvement in 
scientific literacy skills and creative thinking 
students use N-Gain with the following 
classifications.

Table 2. N-Gain Classification

Average N-Gain Classification
0,70 <N-Gain ≤ 1,00
0,30 <N-Gain ≤ 0,70

N-Gain ≤ 0,30

High
Medium

Low
(Source: Hake, 2007)
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RESULTS AND DISCUSSION
A.	Results

Based on the results of data analysis, 
project-based learning can be used to develop 
and improve scientific literacy skills and creative 
thinking of students.

Table 3.	 Mann Withney U Test Summary 
Results

Test Statisticsa

literacy post creative post
Mann-Whitney U 312.500 276.000
Z -2.034 -2.574
Asymp. Sig. (2-tailed) .042 .010

There is effectiveness of project-based 
learning on scientific literacy skills and creative 
thinking of students on wave and optical 
material.

Table 4.	 Summary of Average Project Class 
N-Gain Values

Variable Average 
N-Gain Value Category

Science Literacy Ability 0,45 Medium
Creative Thinking 
Ability

0,38 Medium

Project learning is able to improve 
scientific literacy skills and the ability to think 
creatively in students with moderate (good 
enough) categories.

Table 5.	 Summary of Average N-Gain Value 
for Conventional Classes

Variable Average 
N-Gain Value Category

Science Literacy Ability 0,28 Low
Creative Thinking 
Ability

0,30 Low

Conventional learning is less able to 
improve scientific literacy skills and students’ 
creative thinking skills.

Students’ literacy abilities on indicators 
organize, analyze and interpret quantitative data 
and scientific information better than indicators 
of student literacy ability to understand inquiry 
methods that lead to scientific knowledge.

There were differences in student literature 
search before and after project-based learning. 
The form of searching data in the form of journals 
and proceedings is the highest type of literature 
search compared to other types of literature 
during project learning, while the literature in the 
video is the second afterthejournal/proceedings.

Figure 1. Analysis of the average value of 
scientific literacy skills in indicator I

Table 6. Results of analysis of students’ scientific literacy abilities

No Indicator of Science Literacy Ability Average Test Value
1
2

Understanding inquiry methods that lead to scientific knowledge
Organizing, analyzing and interpreting quantitative data and scientific information

70,85
82,38

Average Score of Science Literacy Ability 76,61

Table 7. Types of Student Literature Search Before and After Project-Based Learning

No Type of Literature before (%) after (%)
1
2
3
4
5
6
7

Buku
Proceedings / journals
Internet (blog, wordpress, ect)
Video (youtube, ect)
Direct observation
Final Project (Thesis, thesis, dissertation)
Dictate / module

25
13
40
5
10
0
7

3
90
0
7
0
0
0

Total 100 100
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Figure 1 shows the indicator I with the 
sub indicators identifying the right scientific 
arguments showing higher average values than 
other subindicators, while the subindicators on 
evaluations in using scientific information show 
the lowest average value. 

Figure 2. Average Value of Science Literacy 
Ability in Indicator II

Figure 2 shows that the average value 
of scientific literacy ability in indicator II 
problem solving subindicators using quantitative 
capabilities including probability statistics get the 
highest average value than other subindicators. 
This is indicated by quite a lot of students who 
can work on the problem in this subindicator 
correctly and precisely, while in the subindicator 
making a graph that can interpret the data shows 
the lowest average value.

Based on the results of the analysis of the 
test answers there are still many students who are 
less precise in describing the dependent variable 
and the independent variable on each x axis 
and y axis. Then there is a lack of information 

on each x-axis and y-axis. This is corroborated 
from the results of interviews and questionnaires 
that 78% of students find it difficult to determine 
independent variables and dependent variables 
that must be presented in the form of graphs, 
tables, and diagrams. In addition, students also 
find it difficult to interpret special rays on lenses 
and mirrors in the form of images.

Figure 3 is a form of literacy ability that 
comes from valid sources / sources such as in 
scientific journals. Inclusion of sources used in 
this language can also be used and valid or not.

Figure 4. Average Value of Aspects of 
Creative Thinking Ability

Table 4 shows the average value of 
students’ creative thinking ability with fluency 
aspects resulting in higher average values ​​than 
other aspects. Based on the results of the analysis 
of student answers, students gave quite a lot of 
answers that varied but had the same meaning, 
meaning students could be said to be correct in 
answering questions.
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Figure 3. Examples of Forms of Scientific Literacy Ability Test Questions


