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Abstract. In the modern era, possessing scientific literacy skills is crucial for
students to tackle global issues, yet many students currently lack proficiency in
this area. Project-based learning stands out as a promising approach to cultivate
these skills, as it encourages students to improve their scientific literacy abilities
actively. This study aims to investigate how project-based learning impacts the
science literacy skills of eighth-grade students, focusing specifically on the
Human Excretory System. Conducted during the even semester of the 2022-2023
academic year, this research employed a quasi-experimental design with two
groups: VIII-1, which implemented project-based learning, and VIII-4, which
followed conventional teaching methods, with each group comprising 29
students selected through simple random sampling. The research utilized a
scientifically designed test with 20 multiple-choice items. The results indicated
significant improvement in the scientific literacy of students in the experimental
group, with pretest and post-test averages of 27.24 and 80.67, respectively,
compared to the control group's averages of 22.50 and 52.83. Statistical analysis
through t-tests confirmed the substantial impact of project-based learning,
particularly in understanding the Human Excretory System, emphasizing the
importance of integrating activities in each session to enhance learning outcomes,
especially through hands-on activities that are particularly effective in developing
scientific literacy skills.
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1 Introduction

Learning in the 21st century is intricately linked to the advent of the Industrial
Revolution 4.0, significantly impacting the realm of education [1]. Education plays a
pivotal role in human survival [2]. Within this context, scientific literacy emerges as a
fundamental competency that students must possess in the modern era. Students
endowed with robust scientific literacy not only cultivate their character and behavior
but also develop a mindset oriented towards personal, societal, and universal care and
responsibility [3]. Proficient in scientific literacy, students can effectively tackle
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problems and make informed decisions using their knowledge and leveraging
technology at their disposal.

According to the Program for International Student Assessment (PISA), scientific
literacy entails individuals' ability to engage with science-related issues employing
scientific concepts while embodying reflective citizenship [4]. It encompasses an
understanding of events and phenomena in the surrounding environment [5] and
empowers individuals to identify problems, draw evidence-based conclusions, and
navigate through human activities [6], [7].

Scientific literacy assumes paramount importance in addressing global challenges
of the 21st century, necessitating the cultivation of such skills among students through
science education [8]. This goes beyond merely grasping scientific concepts,
emphasizing instead on the capacity of individuals to make informed decisions and
actively participate in social spheres utilizing scientific principles [8]. Given its
significance, fostering scientific literacy stands as a cornerstone goal in the reform of
science education [9], [10], being deemed an essential foundational skill for every
individual [8], [11]. PISA delineates scientific literacy skills to include explaining
scientific phenomena, designing and evaluating scientific investigations, and
interpreting scientific data and evidence [12].

However, Indonesia's PISA scores in 2022 revealed a deficiency in scientific
literacy skills among its students, trailing behind the international average [13]-[15].
This underscore concerns about the future competitiveness of Indonesian students in
the global arena. The low levels of scientific literacy may stem from various factors
such as teachers' understanding of scientific literacy, inadequacies in learning models
and materials, and the absence of scientific literacy-based assessments [16]-[18].

Observations and interviews in several junior high schools in Medan corroborate
the deficiency in students' scientific literacy skills, with science learning often
neglecting to incorporate scientific literacy elements. Conventional teaching methods,
teacher-centric learning approaches, and limited exposure to laboratory activities
further compound the issue [19].

Addressing this gap in scientific literacy is imperative to imbue students with the
ability to apply scientific concepts meaningfully, think critically, and make informed
decisions regarding real-life contexts [19]. Teachers play a crucial role in this
endeavor, serving as facilitators in imparting scientific literacy through various
innovative teaching methodologies, with project-based learning (PjBL) standing out
as a promising approach [21].

PjBL engages students in long-term, challenging activities wherein they design,
execute, and present solutions to real-world problems, fostering a deep understanding
of disciplinary concepts and principles [21], [23], [24]. While its implementation
demands considerable time and may encounter challenges related to student
characteristics, PjBL offers numerous advantages, enhancing student achievement
across multiple dimensions and actively involving students in diverse skills such as
project management, time management, and problem-solving [27].

Furthermore, PjBL aligns with the objectives of fostering scientific literacy, as
evidenced by its effectiveness in enhancing students' scientific questioning,
problem-solving abilities, and provision of scientific evidence [21], [22]. Hence, this
study aims to explore the impact of project-based learning on students' scientific
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literacy skills, recognizing its potential to significantly contribute to their educational
development and readiness for the challenges of the 21st century.

2 Method

This research utilized a quasi-experimental approach with a two-group pretest-posttest
design. Quasi-experimental design involves using at least two groups, where one acts
as the experimental group and the other as the control group [28]. The study targeted
eighth-grade students from a Junior High School in Medan, encompassing a total of
10 eighth-grade classes. Simple random sampling was employed as the sampling
technique. The research sample comprised two classes: VIII-1, serving as the
experimental group implementing project-based learning, and VIII-4, serving as the
control group employing conventional teaching methods, each comprising 29
students. The research framework is outlined in Table 1.

Table 1. Control Group Pretest-Posttest Research Design

Class Pretes Treatmen Posttes
t t t
Experimenta 0O1 X1 03
1
Control 02 X2 04

Explanation:

X,: Implementation of Project-Based Learning

X,: Conventional learning.

O,:Students' scientific literacy before the implementation of project-based learning.
0,: Students' scientific literacy before the application of conventional learning.

O;: Students' scientific literacy after the implementation of project-based learning.
O,: Students' scientific literacy after the application of conventional learning.

The implementation of Project-based Learning (PjBL) in this study involved
several distinct stages aimed at facilitating effective learning. It commenced with the
introduction of essential questions to stimulate inquiry and engagement among
students. Following this, meticulous planning of the project ensued, ensuring clarity
of objectives and tasks. Subsequently, a well-defined schedule for project execution
was established, allowing for organized and structured progress. Throughout the
process, diligent monitoring of the project's advancement was conducted to address
any challenges and maintain momentum. Upon completion, the learning process and
project outcomes were rigorously tested to evaluate the efficacy of PjBL in enhancing
scientific literacy. The research instrument employed for assessment was a
multiple-choice scientific literacy test, encompassing 20 valid items. These items
assessed various aspects of scientific literacy, including the explanation of
phenomena, evaluation and design of scientific investigations, and interpretation of
data and evidence [1].

Data analysis entailed hypothesis testing, employing different methods such as the
independent sample t-test to gauge the impact of PjBL on literacy. Additionally, the
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N-gain method was utilized to measure the improvement in scientific literacy,
contingent upon the normal distribution and homogeneity of data.

The percentage of improvement in scientific literacy skills was analyzed by
conducting an average score of normalized gain (N-Gain).

. osttest average—pretest average
N-galn (%) - Z;naximum acor'“ge—;)retest avera;e x 100 (1)

The N-gain values obtained can be categorized into several categories. The N-gain
value categories are shown in Table 2 [29].

Table 2. Categories of normalized gain

Gain value (%) Description
g>70 High
30<g=170 Medium
g =30 Low

3 Result and Discussion

3.1 Implementation of Project-Based Learning in the Human Excretory
System for Students’ Junior High School

The first meeting, examining the sub-matter of "Kidney Structure and Function,
Disorders and Efforts to Maintain Kidney Health in the Human Excretory System".
The first phase of the PjBL model begins with essential questions. Researchers invite
students to learn together with news videos of cases of acute kidney failure in children
in Indonesia which are currently rampant. Students are interested after observing the
video presented. One of the essential questions asked is about the cases of acute
kidney failure in children in Indonesia that are currently happening to provoke
knowledge, responses, questions that arise from observing the video include, what are
the causes of kidney failure? how is it related to the process of urine formation and
how can it be prevented?

The second phase is planning the project. The project that will be made in this
activity is to make props for urine formation in humans. Researchers divided students
into 6 groups consisting of 4-5 students. Researchers also distributed the student
worksheets and teaching materials to explore scientific literacy. Students can propose
solutions to challenges related to existing problems through planning project designs
that will be made [11].

The third phase was to make a schedule for the implementation of the human urine
formation props project. Researchers and students collaboratively developed a
schedule of activities in completing the project. This phase trains students to be able
to work together in preparing a schedule of activities to complete the project.

The fourth phase monitors the progress of the project. The researcher is responsible
for monitoring students' activities during the learning activities in completing the
project. During this process, students work together to apply what has been designed
to be a solution to the problem in the form of a product.
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The fifth phase of PjBL is testing the learning process and outcomes. Assessment
of the final project results is an activity of analyzing the product of the project that has
been carried out by students. At this stage, students discuss the feasibility of the
project that has been made along with making a worksheet report.

The sixth phase of PjBL is to evaluate the implementation of project completion.
At the end of the learning process, researchers and students reflect on the project
activities and results. In this phase, each group presented and explained the project
results.

3.2 The Effect of Project Based Learning on Students' Scientific Literacy of
Human Excretory System

The recapitulation data of students' scientific literacy in control and experimental
classes is presented in Table 3.

Table 3. Recapitulation Data of Students' Scientific Literacy

Min Max Standard

Category  Data Class N Score Score Mean Deviation
.. Control 5 35 22,50 8,38
i?:e“t‘ﬁc Pretest Experiment o 15 45 27.24 8,17
reracy Posttest Control 40 70 52,83 9,70
osttes Experiment 65 90 80,67 5.83

N = number of students who took the pretest and posttest

According to the data in Table 3, the range between the highest and lowest scores
reveals the disparity in performance between students in the control and experimental
groups, followed by calculations of the mean and standard deviation.

This study explores the implementation of project-based learning (PjBL) to
enhance students' scientific literacy skills. The outcomes of hypothesis testing indicate
a significance level greater than a, where o = 0.05, implying a notable impact of PjBL
implementation on students' scientific literacy proficiency concerning the Human
Excretory System topic. This finding is corroborated by prior research [21],
[30]-[32], which affirms the efficacy of PjBL in advancing students' scientific literacy
abilities. The detailed results of hypothesis testing are delineated in Table 4.

Table 4. Hypothesis test of Scientific Literacy Skills

t-test for Equality of Means

t Sig. (2-tailed)
Scientifi ~ dual variances 12,771 0,000
c assumed ‘
Literacy ~ Cdual variances 12,771 0,000

not assumed

The effectiveness of PjBL in shaping students' scientific literacy abilities is closely
tied to the role of each phase within the model. In the initial phase, which starts with
posing essential questions, students predominantly develop skills related to
understanding and explaining scientific phenomena, as well as interpreting data and
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evidence scientifically. This phase fosters active student participation in discussing
important issues, thus facilitating the cultivation of scientific literacy skills [33].

In the second phase, students engage in project planning, during which their
scientific literacy skills are honed through understanding scientific phenomena and
crafting scientific investigations for a collaborative project on human urine formation
props. Moving on to the third phase, students develop a schedule for implementing
the project, leading to improvements in their scientific literacy abilities as they
articulate scientific phenomena, assess and design investigations within the
implementation timeline, and organize strategies for project completion. This phase
also fosters effective collaboration and teamwork among students. In line with the
opinion of [33], that PjBL allows students to be given the opportunity to develop
scientific literacy skills through the process of student discussion in groups.

In the fourth phase, project progress is monitored, leading to enhancements in
students' scientific literacy skills as they deepen their understanding of scientific
phenomena while creating products related to kidney failure cases. Moreover, their
capacity to evaluate and devise scientific investigations begins to evolve as they
address challenges encountered in developing the human urine formation props
project and devise solutions. PjBL facilitates idea exchange among students, enabling
them to propose solutions to real-life problems through project activities, thereby
fostering active and creative collaboration within teams to accomplish project
objectives [35]. This is in line with research [36] which explains that PjBL provides
greater opportunities for students to think and explore their abilities and can
significantly improve students' scientific literacy skills. Students can discover
concepts and construct their knowledge through projects that have been given to them
[11].

The fifth phase of PjBL is testing the learning process and outcomes. Students'
scientific literacy skills are trained during learning activities when discussing in
groups, working on worksheets and carrying out project development [30]. PjBL can
improve students' scientific literacy by putting theory into practice [37]. Students gain
meaningful learning experiences, which can improve scientific literacy through the
completion of authentic projects that are directly related to everyday life [38].

In the final phase of PjBL, the evaluation of project completion occurs. This phase
contributes to the further development of students' abilities in comprehending and
elucidating scientific phenomena, demonstrated through the presentation of findings
from the investigation into kidney failure cases via the props project. Students
demonstrate their capacity to interpret data and scientific evidence gathered during
information gathering activities, effectively presenting them using the props project
they have created. Furthermore, students analyze and assess arguments derived from
project presentations, drawing suitable scientific conclusions. Through presenting
their investigative work, students refine various aspects of scientific literacy
competencies [39].

From the second to the fourth sessions, the implementation of the PjBL approach
in enhancing scientific literacy skills continued to show progress. PjBL stands out as a
valuable method due to its positive impact on enhancing students' scientific literacy
abilities [2], [40]. Research findings [41] indicated that employing the PjBL model,
particularly through projects such as creating teaching aids, effectively enhances
students' scientific literacy skills.
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Through PjBL, students can identify and delve into the problem at hand, explore
solutions from various sources, and apply their skills and knowledge to resolve it [42].
This sentiment is echoed by [43], who emphasizes the intrinsic link between learning
through PjBL and students' scientific literacy development. By engaging with the
PjBL learning model, students can refine their critical thinking skills, thereby
fostering the development of their scientific literacy.

3.3 Improvement of Students' Scientific Literacy Ability through Project
Based Learning

The study's findings revealed that the N-gain percentage increase in students'
scientific literacy skills was 73% in the experimental class, categorized as high, while
in the control class, it was 39%, falling within the medium category. These findings
demonstrate that students' scientific literacy skills exhibit greater improvement when
utilizing PjBL compared to conventional learning methods. This aligns with the
viewpoints expressed by [24], [30], [44], indicating a notable enhancement in
students' scientific literacy skills following the implementation of the project-based
learning model. The enhancement of scientific literacy skills is delineated in Table 5.

Table 5. Improvement of Scientific Literacy Ability

Class N-gain (%) Category
Control 39 medium
Experiment 73 high

Table 4 illustrates the percentage surge in N-gain for scientific literacy skills
post-treatment, with the experimental group exhibiting a higher increase than the
control group. The assessment tool for student scientific literacy encompasses three
indicators of scientific literacy competency aspects. Table 6 presents the computed
percentage increase in scientific literacy skills per indicator across the scientific
literacy competency aspects for both the experimental and control classes.

Table 6. Percentage Improvement of N-gain of Scientific Literacy Ability per Indicator

Scientific Literacy Experiment Class N-gai Control Class N-gain

Competency Indi s n Category ___ ~ (%) Category
Pretest Posttest (%) Pretest Posttest

Explaining scientific .
phenomena 32 84 76 high 25 60 14 low
Evaluate and design 24 84 6 high 2 50 30 medium
scientific investigations
Interpret data and evidence 3 79 7 high 15 55 8 low

scientifically

In each session, there was a notable enhancement observed in students' scientific
literacy skills. Throughout the meetings, the most significant improvement was noted
in the ability to explain phenomena scientifically, with a substantial increase of 76%.
Following closely was a 72% improvement in interpreting data and evidence
scientifically, categorized as high. Additionally, there was a 69% increase in



Improvement of Scientific Literacy Skills in the Human Excretory System 287

evaluating and designing scientific investigations, falling within the medium category.
These improvements were witnessed in the experimental class, where Project-based
Learning (PjBL) was implemented. Through PjBL, students were actively involved in
exploring formulated problems through project activities, thereby enhancing their
scientific literacy skills at each stage of the learning process. PjBL encourages
students to engage in investigative tasks, ranging from experiment design to data
interpretation and reporting [45].

Contrastingly, the control class saw comparatively lower increases in scientific
literacy skills. The N-gain percentage in this class for explaining phenomena
scientifically was 14%, categorized as moderate, while for evaluating and designing
scientific investigations, it was 28% with a low category. Interpreting data and
evidence scientifically saw a 30% increase, also categorized as moderate. The limited
growth in scientific literacy skills in the control class can be attributed to the absence
of student training in developing these skills during the learning process. This aligns
with the viewpoint of [46], which suggests that students' scientific literacy skills
remain relatively low when the learning process fails to offer opportunities for
understanding daily phenomena. Factors such as teacher influence, learning
environment, and administrative support from the school also play crucial roles in
shaping students' development of scientific literacy skills [47].

4 Conclusion

It can be concluded that the application of PjBL has an effect on scientific literacy
skills on the material of the Human Excretory System in class VIII SMP. There is an
improvement in students' scientific literacy skills by using PjBL in the experimental
class of 73% with a high category. The findings of this study can influence how
learning methods using projects to help students improve their scientific literacy
skills. This can be a consideration for teachers in implementing innovative learning
methods to optimize interaction, participation, activeness and involvement of
participants in scientific and collaborative activities that can affect students' scientific
literacy skills.

Limitations of The Present Study and Future Research. The limitation of this study is that
finding suitable problems for secondary materials and developing test tools, but there are not
many suitable scientific literacy test tools for students. Implementation time is a barrier to
conducting research. This is because the students are not yet familiar with the PjBL model
made efforts to train scientific literacy take quite a long time from the lesson plan. Some
students also lacked focus and attention to reading information. Determining the experiments
that can be done is also an obstacle in this study because it must adjust the situation and
conditions or the availability of practicum tools at school. Future research should be done to
optimize learning time and facilitate a positive learning environment. It is recommended that an
activity be carried out at each meeting to increase learning outcomes. Hands-on activities are
very useful for exploring scientific literacy skills.

Authors’ Contributions. This research contributes to the selection of a suitable science
learning model to improve students' scientific literacy skills.
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